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Abstract 

Threa new foci" of TBE virus were found in Lower Austria. 
In studies eiraed at interrupting the virus cycle in nature 
Gardens^ was very effective against ticks. Effect of the 
snail maromal control program in Carinthia ia not yet clear. 

Attachment of TBE virus to its ruceptor (TPI) is a two- 
step reaction consisting first of a loose electrostatic 
and later a stronger binding. TPI inhibits the infectivity 
for mice of group B but not of group A arbovirusos. Anti- 
bodies against TPI were obtained in rabbits. 

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

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

Tilorone (R'HCl 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 diagnosed by demonstration of IgM-antibodies in 
the patient's serum with 2-l*lercaptoethanol. 

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

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

For the first time antibodies against Tahyna virus wore 
found in birds (Sturnus vuloaris). hares (Lepus europaeus) 
are not susceptible to Calowo virus. 
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Field s t u d i a a 

(1) Introduction 

In 1969 and 1970, field studies were continued in order to 
locete neu foci of TBC virus. This uae done by virus iso- 
lation experiments from ticks collected in woods thet had 
been visited by persons prior to their becoming ill with 
TBC. Thue several foci in Upper Austrie and Carinthia were 
found. In 1970 and 1971 again questionnaires were sent to 
patients with TBC. According to the information obtained 
we continued to search for new foci of TBC virus in Lower 
Auetrie end in Burgenlend. Also surveillance of TBC in the 
three known foci in Lower Austria, Gfieder, Strelzhof/Uil- 
lendorf end Hernstein was continued. 

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

I reservoir of the virus. 

One line of investigations deals with the question of 
whether or not a sufficient reduction of ticks can be 
achieved with modern insecticides. Tor this purpose Shell's 
Gardona' ' which is an organophosphorus 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 TBC virus in a focus. First experiments are being con- 
ducted in the Taggenbrunn 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 
adults in pools of 1-5 individuals respectively. They were 
suspended in a medium consisting of P8S and lOJ*. horse serum 
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Field studies 

(1) Introduction 

In 1969 and 1970, field studies were continued in order to 
locate neu foci of TBC virus. This uas done by virus ieo- 
Istion experiments from ticks collected in woods that had 
been visited by persons prior to their becoming ill with 
TBE. Thus ssverel foci in Upper Austria and Carinthia were 
found. In ±970 and 1971 again questionnaires were sent to 
patients with TBC. According to the information obtained 
we continued to seerch for new foci of TBC virus in Lower 
Austria and in Burgenland. Also surveillance of TBC in the 
three known foci in Lower Austria, üfieder, Strelzhof/luil- 
lendorf end Hernstein w«a continued. 

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 can be 
achieved with modern insecticides. For this purpose Shell's 
Gardona* ' which is an organophosphorus compound was tested 
for its effectiveness againat 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 TBC virus in a focus. First experiments are being con- 
ducted in the Taggenbrunn 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 
adults in pools of 1-5 individuals respectively. They were 
suspended in a medium consisting of PBS and 10^ horse serum 
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and inoculated intracerebraliy into baby mica. The animals 
were observed for 12 days. 

Gardona^  ; Tests were done in orclar to develop a control 
program against ticks with Gardona^ . During the fell excur- 
sion on September 25 and 26 in 1970, the 16 control points 
in our study area near Hernstein mere sserched for ticke in 
the usual manner. Then around seven of these cfteck points, 
each covering an area of 16 m , the ground and underwood 
was sprayed uith a solution of Gardona'^' at a concentra- 
tion of 1 lb. per acre, ün the following day and 12 days 
thereafter ticke were ayain collected around the 16 poles. 

In the spring of 1971 in an afforestation near the area 
mentidied above 8 fields of 25 m2 esch were marked. Four 
of these fields were sprayed with GardonaC*' aa described 
above. Tick ccllections were mode before spraying and on 
the 3rd and 8th days thereafter. A similar experiment was 
done in a wood near the Uanube river at Mühlleiten, a few 
miles east of Vienna. 

Small mammals; Eradication of the virus by trapping of 
small mammals is being attempted in the focus of Taggen- 
brunn (Carinthie). This focus wee chosen to test our hypo- 
thesis that small mammals are essential for the persistence! 
of TBC in a focus. So far, four excursions 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 and 25 adults 
of Ixodes ricinus were collected. In the fall excursion 
(September 20-21) 149 nymphs and 14 adults (Ixodes ricinus) 
were collected. From these ticks no virus was isolated 
(Table la). 

Strelzhof/Liillendorf; During the spring excursion (June 20- 
21) a total of 289 nymphs and 60 adults of ixodee ricinus 
as well as one specimen of the tick species Haemaphyealis 
concinna could be collected. Uut of one pool consisting of 
23 nymphs and another pool consisting of 3 males (all ticka 
stem from control point 11) two strains of TüE virus could 
be isolated. The fall excursion was donu on Soptomber 29-30. 
Out of 479 nymphs and 17 adults of Ixodss ricinus no virus 
cuuld be isolated (Tablü la). | 

Hernstein; In the spring excursion made on June 6-7, alto- 
gether 1014 nymphs and 104 adults of Ixodes ricinus as well 
as one nymph of Haemaphyealis 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), uas not suc- 
cessful (Table la). 

New foci in Lower Austrian According to the information 
obtained from patients with TBE ticks were collected in 
different woods in Lower Austria which are listed in 
Table 2. It will be seen that of the 9 different locations 
which we visited in the spring of 1971, Kohenegg II, Neu- 
dbrfl and Uöltendorf could be confirmed as foci of 
TBE virus. In Hohenegg II the virus strain wee 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 Kohenegg. It is of special interest that in 
1970 three persons and in 1971 two persons obviously 
acquired infectior; in Hohenegg, indicating that this is a 
permanent focus. The focus of Neudörfl uas investigated 
because thif 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 Uöltendorf forest 
where the third focus was located one person contracted 
infection in Hay 1971. bie isolated 2 strains of TBE virus 
from 20 and 23 nymphs respectively (Table 1 b). 

Gardonav /; The results of the field study with Gardonav ' 
are listed in Tables 3 and 4 and in Fig.l. 

2 A statistical evaluation done with the X test revealed 
that the number of ticks in the fields did not di 
significantly prior to the treatment with Gardona 
contrast, after spraying with the compound there was a 
very significant difference between the number of ticks 
collected in the treated and in Jne  control field. In 
Hernstein I ticks were reduced by approximately 60% 
12 days after spraying and in Hernstein II, where co; 
tions permitted a more even distribution of Gardona 
results were still better. The most drastic effect was 
achieved in llühlleiten 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 presented in Table 5. It can be seen that the popula- 
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 the 
number of small mammals lout will lead to the eradication 
of the focus as intunded by us. 

l*f.   By 
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tn X970 these «s« still plenty of wi;Ms in the focue a» it 
««a« Indicate«! by %he fact that 6 sheep» which were 
pastured in the focu» ducinQ sumer« all had antibodies 
in the neut»ölization test when they were bled in Oeceaber. 

(4) gisgj^sl^n and poncluaiona 

SüiveiHance of JUt  virus in 3 known foci in Lower Austria 
again snowed that peraanent foci usually consist of «icro- 
foci in which th«s virus coses and goes. As it is evident 
fsce the Strelzhof frcuo where virus was isolated fro« ticks 
collected around check point 11» frequently the virus re- 
appears in exactly the seme spot where it had been found. 
previously (ftadda o* al.lS68)f (1). 

Baeontly we have started to search for new foci on the 
baaia of inforaafcions obtained fro« patienta. This is done 
with the purpose of finding foci that are suitable for 
control prograaie directed either against ticka or ■a—ale. 
One of the 3 new foci found appear« to «eet tbs^require- 
aents for a successful application of Gardona^ '. 

The results of our first teets done with this inseetizide 
are very encouraging, and we are hopeful that our future 
studies will prove its effectiveness also in peraanent foci. 
In the near future a field trial will be done in the focus 
of Hochosterwitz (Carinthia) where especially high rat*8 
of virua-carrying ticks are found aa stated in the Last 
Final Technical Report (2). 

Control of small mammals aa reservoir animals of the virus 
will also be continued. In connection with this it would 
bo desirable to find methods which are more effective than 
trapping. 

(5) Summary 

Surveillance of TBC virus in known foci confirmed eerlier > 
observations that within these areas microfoci exist in 
which the virus comes and goes. Three new foci were 
located in Lower Auetria by virus isolation from ticks. 

Gardone^ ' is effective against Ixodes ricinus ticks. In 
3 field studies a reduction of ticks ranging between 80% 
and almost 100% was achieved. The control program of small 
.ammals in Taggenbrunn (Carinthia) was continued. Popula- 
tion density of these reservoir animals of TBC virus was 
kept low. It remains to be seen if this measure is effec- 
tive against the cycling of the virus. 
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(1)  Studies on the recaptor substense (RS) for TBE virus 
end other arboviruses 

(1.1) Investigations on the dynamics of the reaction 
between TBC virus and its specific receptor 
substance (RS) 

Introduction_and_8arli6r resultsi 

We developed e method for testing the competitive inhibi- 
tion of the hemsgglutlnation (HA) of arboviruses (3)* 
Using this procedure for monitoring, it was possible to 
measure the ectivity of arbovirus receptor preparations, 
extracted from frozen brain by lipid solvents (4). These 
'■ipid extracts could be fractionated (4,5), the active 
component was purified and its chemical structure «(as 
identified (2,6). The substance, a triphcsphoinositide 
(TPI), was a very strong inhibitor af the HA and alsb 
of the infectivity of group B arboviruses (Flavi-viruses). 
Apparently, it did not react with arboviruses of group A 
(Alphaviruses). Ue regard it to be the receptor substance 
(RS) for arboviruses of group B (2,7). 

Preparation of_'fceptor substance:_ 

The preparation of 90% pure triphcsphoinositide (TPI) 
from frozen brain is now a routine procedure in our labo- 
ratory. It is performed as described in the last Techni- 
cal Report (2). By doing the final steps, i.e.precipita- 
tion with acetone and chromatography over Sephadex, in 
rather concentrated solution and by adding a trace of 
CaCl. during this precipitation, the final yield could 
be slightly increased. From about 45 monkey brains we 
uere able to prepare nearly 1000 mg of purified KS 
(Table 6>. 

Reaction of TBE virus with purified RS: 

A series of experiments mas undertaken to study the condi- 
tions of the competitive inhibition of TBC virus hemagylu- 
tination by purified TPI. 

Tour HA-units (HAU) of TBE virus uere incubated with a di- 
lution series of TPI for IS min. at Ü0C and at different 
pH values. Then erythrocytes uere added in a buffer, which, 
after addition to the reaction mixture, yielded a pH of 
6.4, the optimal pH value for hemagglutination. From 
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Table 7 it can be eaen that there is a strong inhibition 
of tho HA at low pH values up to a pH of 7.4. Further in- 
craase in pH value required larger aoounts of TPI for to- 
tal inhibition of the HA, but even at pH 9 it wee posaible 
to interfere with the HA when comparatively high concen- 
trations of TPI were applied. 

The influence of tonporature wes aleo inveetigated« At 
pH 7.4 where no decreaee of the HA titer of TBC virus due 
to acidity alone occurs (6) teets at different teaperatures 
could ite  per formed. Four HA units of TBC virus were incu- 
bated witii a dilution series of TPI at 00C, 220C and 37 C 
for 15 rain, and afterwards erythrocytee were added in the 
same manner as described for the previoue experiment. From 
Teble 8 it is obvious that the inhibition of HA works 
beet at low tempereturos. 

A similar oxprrinent was performed with the modification 
that the TPI dilutions were allowed to react with TBC virus 
at a constant torapsrature of 0 C but et vsrying perlode of 
time. Table 4 shous that even rather short expoeure of the 
virus to TPI-Ca resulted in inhibition of the HA. This 
point, to a rapid roaction betuecn the virus end ite RS. 
Contrary to our expectations, tho inhibition wee slightly 
less at longn? incubation time. 

The docrocso of receptor activity at longer intervale and 
else at higher toraperaturee could perhaps bo due to a 
"receptor destroying onzyme (ROE)" on the eurface of the 
erbovirus perticlS; analogous to tho neuraminidese of 
myxoviruse':. Hcit'Bvnr, tho presence of an ROC - which in 
thic cr.sn uould be c phoepholipase - does not necessarily 
mean that it is .in integral part of the virion. It could 
Just as uoll be cf liest origin and only be adsorbed onto 
the virus particle or  even be present independently in 
solution. Fiml.ly, it could alee be that a nonenzymatical 
hydrolysis of the R( occu'ii under the described condition. 

The complex or TLE virus with its RS is separable by the | 
addition of certain strongly basic molecules as strepto- \ 
mycin or protcmin. To Ü.5 ml virus suspension at pH 7.4, j 
containint] about 2UU0 HAU, equal volumes of RS were given I 
at the same ph. The imounts of RS were 12 ixg, 25 jig and 
50 tig. A control was performed with buffer containing no RS. 
The virus uas allowed to react with the receptor at 0 C for 
3 min. After this period, the reaction is complete (Table S). 
Then 1 ml of a solution of either streptomycin sulfate or 
protamin sulfato (salmin) in the same buffer of pH 7.4 was 
added to each tube. The streptomycin sulfate solution was 
made to 1.4 %  which resulted in a final concentration of 
0.01 PI. Protcrün sulfate was applied in a concentration of 
1 mg/ml. Aftor 10 min. at 00C the mixture was centrifuged 
and the HA tite? of the supernatant uas measured. From 
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Table 10 it can be seen that neither streptomycin nor pro- 
tamin alone did diminish the HA titer of the virus prepara- 
tion. A suitable amount of RS nearly totally suppressed the 
HA, but this inhibition could bo  largely neutralized by 
ehe addition of streptomycin or protamin. It must bß con- 
cluded that the linkage between TBC. virus and RS can be 

| split by these basic compounds. 

| All the experiments described above wore performed with a 
non-infectious but well homagglutinating virus, prepared 
at 37DC (9). Lining such an inactivated preparation, the 
virus bound to RS could be released by streptomycin when 
the complex had boon formed by incubation at 0 C and pH 7.4 
for longor periods. However, after reaction at higher tero- 

I perature (37 C), there was an indication that the complex 
was not separable as easily as at ü C (Table 11). Using 
fully infsctiwe virus instead of heat inactivated prepara- 
tions, the stronger binding occurs rather rapidly even at 
Ü C. Aftor 20 eec, more than 90% of  the virus particles 
are strongly bound to the RS, i.e. they are not separable 
by the addition of streptomycin. After 1 min. about 95> 
ere irreversibly cnmuiiiwd. However, the last 1-2^ need 
more than lü min. to become strongly bound to the RS. It 
seomp that this portion consists of inactivated virus par- 

I tides. 

i 
I Conclusions and Discussion: 

The high speed of the reaction between TBC virus and its 
RS (TPI) end the oacc of separation of the virus-receptor 
complex by strongly basic molecules leads to the conclusion 
that the first step of the interaction between TBE virus 
and TPI-Ca is of electrostatic nature. This attraction 
säems to be followed by a second step caused by stronger 
forces which are not any more susceptible to the inter- 
ference of positively charged molecules. 

An interaction batu/oen a cell-racoptor and an arbovirus of 
group B which recurs in two stops has already buen 
described by otho? authors (10). The receptor had been 
extracted rrom brain end from erythrocytes by aqueous sol- 
vents (11), but after extonsiwo purification, it had a 
lipid content of 90%  (12). Its activity was sensitive to 
phospholipaso C and 0. These authors were not able to iden- 
tify this substance but concluding from uur own results, we 
have no doubt that also in this case, the receptor active 
component was c triphosphoinoaitido. 

Sumnary: 

The dynamics of the reaction of TBE virus with purified re- 
ceptor substance (as) was studied. The RS, a triphosphoinosi- 
tide, was extracted from brain yielding 30 mg/100 g on the 
average. Its reaction with TBE virus was studied using a 
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coapatitive HA-inhibitiort test. TBC virus reacted best 
with this substance at pH values between 6 and 7.4. At 
low teuperatures and at short reaction periods smaller 
amounts of RS were able to inhibit the viral KA. This 
could be due cither to chemical or to enzymatical degra- 
dation of the RS during tho test. The complex of RS with 
best inactivated TBC virus formed at 0 C could easily be 
separated by protamin and streptomycin. The splitting of 
a complex formed at 370C was loss easy and the complex 
o' RS with infective virus became resistant to strepto- 
mycin in less than 20 sec. even at 0 C. It is concluded 
that TBC virus reacts with its RS in two steps. The first, 
caused by electrostatic forces, is followed by a stronger 
binding which is not separable by charged molecules. 
These conclusions are consistent with the observations 
of other authors using a different arbowirus B and e non- 
identified receptor. 

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

In the last Final Technical Report (2) an inhibitory 
effect of the receptor substance TPI against Uest Nile 
virus was described. These studies were done with the 
plaque test in tissue cultures. 

In e new series of experiments performed under the present 
contract it was investigated to which extent TPI is 
capable of neutralizing the infectivity of TBC virus for 
mice. In addition. Dengue virus type II which also belongs 
to the group B cf arboviruses as well as the group A ar- 
boviruses Semliki and Sindbis were also studied. 

In these experiments 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, were 
injected intracerebrally into baby mice (dose 0.02 ml). 

It will be seen in Table 13 that a definite inhibition 
was achieved of TBC virus when 8 \iq  of Ca-TPI were al- 
loyed to react with amounts of virus ranging betueon 
10^  LD_n and 10 ~ LDcn. This phenomenon was 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 mixture. The 
virus did not react with tho Ca-TPI when tested at pH 8.U 
and 9.0. 

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 (sRS) within e certain range of pH which ia, how- 
ever, much wider with the latter preparation. 

Table 13 also shows that whan the amount of Ca-TPI was 
reduced to 1.6 |xg the inhibitory effect went below SLty. 

It is further evident from Table 13 that Dengue virus 
type II is also inhibited by Ca-TPI. This substantiates 
our results obtained with the HI test that this, compound 
probably is the receptor substance of all group B viruses. 

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

In Table 14 the results are summarized of tests conducted 
with Semliki and Sindbis viruses under different condi- 

I 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/fa inhibition which is the .thre- 
shold of statistic significance was reached, rendering 
it unlikely that TPI acts as receptor substance for these 

| viruses. 

Thus the results of the infectivity-inhibition tests 
essentially parallel those of the inhibition tests 
described in previous reports. Wo can now state with great 
confidence that TPI is the receptor substance of probably 

I all group B viruses. 

I Summary: 

Ca-TPI inhibited the infectivity for mice of TBE and 
Dengue II viruses (arbo group 8) but not of Semliki and 
Sindbis viruses (group A). This neutralizing effect was 
obtained within a wido range of pH. The results provide 
further prove that TPI is the receptor substance of group 8 
arbovirusss. 

(1.3) Antibodies against the receptor substance. 

Material_and Methods^ 

Rabbits were immunized against TPI which is the receptor 
substance with the following mixture: 

25  mg TPI 
25 -mg 8SA (bovin serum albumin) 
2.5 mg saline 
2.5 ml comploto Freund's adjuvant 
0.5 cc of this mixture «as injected subcu- 

taneously in each of the pads. Blood 
was drawn after 17 days. Three days 
later a booster injocti-jn was given and 
the final blood sample was collected on 
the 28th day by heart puncture. 
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fhe compieMent-fixation (CF) test was performod as usual 
in plastic trays adding 1/4 of an antigen unit and Z'H.QQ. 
Tho following preparations served as antigens: 
a) Homogenized mouse brain (1 g/10 ml vsronal buffer) 
b) myelin of mouse brain according to Eichberg and Daw- 
son (13). 

This material was prepared by means of differential ultra- 
contrifugation in 

c) 1 y TPI + 50 y lecithin/ml 
d) 27.5 y TPI + 27.5 y lecithin/ml 
e) 27.5 y TPI ♦ 1 y lecithin/ml 
f) TPI acid in ethanol (96>i) 0.11 mg/ml 
g) sodium TPI on ueronal buffer. 

Catdiolioin flocculation test (VORL) was done with a 
reagent from Bbhtingwerka ' (Habbos^). 

The neutralization test was performod as usual with baby 
mice, ■".»a neutralizing effect of receptor substance was 
testdd after incubatiun of virus suspension with TPI. 

Anti TPI-sera were tested furthermore by means of a neu- 
tralization-inhibition tost. For this purpose TPI (0.4 mg/ml) 
was incubated with test or control serun» at room temperature 
for 1 hour and consecutively at 5 C for 15 min. with a 
virus-suspension (Hypro). This preparation was inoculated 
into baby mice as usual. All these preparations were ad- 
justed to pH s 7.3. 

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

Results and discussion: 

Five rabbits were immunized with TPI and their serum sub- 
sequently was tested by means of the cardiolipin floccula- 
tion test. This was dono by reason of the structural simi- 
larities of the lipids involved with TPI. Indeed all sera 
exhibited a positive flocculation test. The one (Mr.429) 
shouting most pronuuncod reactio'} (2-3 + ) also revealed the highest 
titer in the CF agaxnst mouse biain (1:80), whereas the 
others only reacted with lower titers (1:40). Serum 429 
was also tested against other antigens (see Table 15) and 
compared with a control and an anticerebroside serum. 

The highest titers of the TPI sera were obtained with mouse 
brain suspension and myelin. Uith TPI-lecithin the titers 
were lower. Tho control serum exhibited no significant acti- 
vity against any of tho antigens tested. Anticerebroside 
sera roacted with mouso brain suspension and myelin only. 
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I This finding spoaks in favour of a specific roactlan of 
enti-TPI serum. Absorption ufith TPI-Ca of the anti-TPI 
serum rendered the sample anticomplomentary. 

The activity of anti-TPI serum was also tested by means 
of the neutralization-inhibition tost (see methods). We 
attempted t. inhibit the virus-neutralizing effect of 

I receptor substance (TPI) by addition of an anti-TPI serum 
(Tables 16 and 17). As can bu seen from Table 16 the virus- 
neutralizing effect of TPI can be inactivated not only by 
addition of anbi-TPI-surum, but alsu by anticorebrüside 
and control eerum from untreatec' rabbits. This effect uas 
further investigated when fractions of these sera obtained 
by chromatography uith Sophadex G--200 uero used instead 
of whole sera (Table 17). This experiment shows that the 
nonspecific inhibitory activity of sere resides tu a 
very high degree within the albumin fraction. A differ- 
ence which seems to be significant could be observed 
between anti-TPI and control sera in that Igfl fractions 
of tost sera shewed a stronger inhibition of the virus- 
neutralizing effect of TPI than IgPI fractions of control 
sera (difference = 10~ ). This effect, although signifi- 
cant, is not an ovorwhelming one. It might well be how- 
ever that sera with higher titer could be even more effec- 
tivs. 

Several conclusions may be drawn from our experiments. 
First of all, antibodies against receptor substances are 
readily farmed in rabbits. Apparently, they are specific, 
although titers are low and production of antisera with 
higher levels of antibodies is decirablc. In the present 
situation blockade of call receptors making them inacces- 
sible to T6E virur does not seem a workable concept since 
the titer of antilipid antisera is a bit too low. Secondly, 
neutralization of virus by receptor-substance is possible, 
however only in uitro. In vivu TPI in its present stage 
of preparation will bu  readily adsorbed to albumin and 
inactivated. Thus TPI does not sootn to be a useful thera- 
peutic or prophylactic agent at the present time. Thirdly, 
the role of serum albumin in the inactivation of TPI is 
a very interesting point which should bu further examined. 
Ue feel howovor that the binding of TPI by scrum albumin 
is due to the affinity uf serum albumin to lipids. 
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Sumniar^:_ 

Antibodies against the recoptoc substance (TPI) of TBC 
virus havo been produced in rabbits. So far however» it 
has not been possible to obtain antisera with a titar 
high enough to achieve blockade of collrecoptors against 
the adsorption of TBC virus. The antisera are apparently 
specific as it was demonstrated in several in vitro tests. 
Neutralization of TBC virus by TPI in vitro is possible. 
This substance however does not seem to be a promising 
therapeutic agent since it may be inactivated by serumal- 
bumin. This latter observation deserves further examina- 
tions. 
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(2)  Studias on-the possible rolo of ribonuclease (RHaas) 
- In host dofense aoalnst TB£ and other arbowirusss. 

Recently it has boon roportod that not only single-stranded 
uiral RNS, but also the nucleocapsid of Semliki-Forest 
virgs (SfV) can be degraded by RNaso (15,16). Therefore 

I it was of interest to dotorminewhethor this enzyme, which 
is produced by 30010 cells of the organism, contributes to 
the defense of the infoctod host against RNA containing 

I viruses. 

Scrum as well  as spleen -and brain, which play an impor- 
can*-, role in the pathogenesis of arbovirus infections, 
were token from noninfected Swiss Albino mice (10 g). 
The organs were homogenized with 1/15 n phosphate buffer 
of pH 7.8 and diluted 1:10 reletivo to their wet weight. 
Also the serum was diluted 1:1L with this buffer. The 
suspensions wore assayed for RNase activity by the fol- 
lowing method: A 1%  solution of yeast RNA was incubated 
for 1 hour with the enzyme-containing material at pH 7.8 
and at a temperature of 37 C. Thereafter the material was 
kept in an ice bath and high molecular RNA was precipi- 
tated by an HCl-alcohol mixture. After centrifugation for 
10 min. at 2,50u rpm the enzyme-degraded low molecular 
oligonucleotides in the supernatant were assayed by their 
UU-absorbanco at 260 Dp. As control, buffer without 
enzyme was also measured. Thus it was learned that spleen 
tissue contained A  times more RNase than the serum, while 

—,»1111111 ■ II ■!■,  ■ M——*J—^M^M^^MI^W^^^^— 

no enzyme was found in the brain. 

This could, perhaps, account for the difforancas in the 
virus production by the spleen and the brain of mice 
(weighing 10 g) after subcutaneous infection with SFU-virus. 
Tho result of this experiment is shown in Fig. 2. It will 
be seen that 2 hours after the infection the injected 
virus has reached the spleen. At 4 hours p.i. eclipse 
phase is demonstrablej thereafter new virus ie rcpidiy 
produced by the cells, but duos not exceed a titer of 
10  (for babymice, i.e.) in the spleen. However in tho 
brain, whore no KRlasc was found, titers of the virus up 
to 10 LOgQ were produced. During the course of infection 
no significant change of the enzyme levels in tho serum 
and in tho organs were fuund, oven in moribund animals. 

In preliminary oxperimonts babymice infocted with SFV were 
troatod intracerebrally with commercially available pan- 
creatic liNase as well as with RNaso, which derived from 
mouse spluon. Concerning fatalities or time of survival 
this treatmont did not have any influence. 

It was found that tho serum uf babymico contained much 
loss of tho enzyme than that uf adult animals. Therufüro 
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we Initially thought, that this phanomenon had aonathing 
to do with the wellknown highar auacaptibility cf baby- 
nice for most of the arbouirusee. But later on ue learned 
that there was no difference in the content of the enzyme 
in the aplaen between auckling and ndult mice. 

In the course of infection with some arbouirusea of sub- 
adult Swiss Albino mice we found a slight change in the 
content of the enzyme in the serum; after infection with 
blest Nile and Tahyna viruses, which produce a nonfatal 
disease, a slight increase of RNase was found. By con- 
trast, infection with TBC virus, which invariably kills 
Swiss Albino mice, waa accompanied by a decrease of the 
level of this enzyme in the serum. However, changee were 
only slight and could not be reproduced conatantly. 

In an other experiment two apecies of mice, white Swiss 
Albino, which are highly susceptibl« „foe TBE, and re- 
sistant mice of the Species Wus rousculus spicileous 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 altered during infection with TBE. 
Therefore resistance of Hus muaculue spicileous to TBE 
cannot be attributed to the action of RNase. 

Although a great deal of work was done by us, the somewhat 
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 RNase in the defense ngainst 
virus infection. 

Summary: 

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



-15- 

(3)  Formation of intarfaton in two gfigcleg of mica 
aftor infection with TBE virus. 

Reeoruoir animals of arboviruses after infection usually 
show high viromia but do not develop diseaao. The cause 
of this phenomenon is not known. In the present study 
we investigated the question of whether or not Interferon 
could be responsible for this natural resistance. 

Susceptible white Swiss Albino mice (strain GP, NIH, 
Bethesda) from the breeding colony of tho Institute of 
Hygiene, Vienna, as well as resistant mice nf the fror 
living species Bus musculus spiciloous. which also wo. 
bred at the Institute of Hygiene, were inrected s.c. w^th 
10 L05_ (for GP mice) of T8E virus (strain Hypr). All 
mice weighed 10 g at the beginning of the tost. 

From the let to the 4th day after infection daily 4 mice 
out of each group were bled. From the 5h to the 6th day 

I p.i. daily 4 animals of both groups were sacrificed. 
Their brains were removed and suspended as previously 
described (17). Serum samples and brain suspension were 
assayed for virus content by titration in babymico and 

I for Interferon by FINTER's dye uptake-method (10). 

I From Table 16 it can be seen that viremia and content of 
Interferon in serum was very similar in both species of 
mice. In contrast there were marked differences in the 

I brains. The susceptible white mice produced high levels 
of Interferon and virus, while the respective titors in 
the mice who resist disease reached only very low values. 
Thus our results only confirm the wellknown fact that 
TBC virus is a potent inducer of Interferon. Ho  evidence 
was obtained that the absenc«. of disease in flus musculus 
spicileque can be attributed to a protective effect of 
this antiviral protein. 
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(4), -Jiut gsottietivtH-gffcct" or TIloYone Frydrochlorida on 
oxperi.»antal TflE-jn wico. 

Introäuctiun^ 

In previous papers (19,20,21) we could demonstrate that 
the Interferon inducing conpounu Poly I:C is capable of 
preventing experinental TBC in nice. However, its high 
toxicity precludes the extensive use of this substance 
in nan (23,27,28,29). 

Recently PIEYER et al. (21,23,24) reported about s new 
Interferon inducing substance called Tilorone HC1 2,7-bis 
I'Z-  (diethylanino) athox^ fluoren-9-one which can be given 
orally (Fig.3). It seams to be of lower toxicity than 
Poly I:C (28). The present study was carried out to assess 
the effect of this new compound against experimental TBC 
in mice. In aodition, Tilorone was tested in combination 
with low doses of Poly I:C. This was done in the hope to 
achieve high antiviral protection with low toxicity. 

Hatorial and Methods: 

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

Druos; Poly I/C was purchased from the Niles Chem.Comp. 
Clkhart, Indiana, USA. Tilorone HC1 was received from 
the Um.S.ncrell Company, Cincinnati, Ohio. Üf both com- 
pounds suspensions in PBS were made. 

Interferon Assay; Intorfeson in serum was assayed by the 
dye uptake-method cf PINTER (16,25) using L-cells and USU 
as the challenge virus. 

Results; 

Fifty mice were treated orally with Tilorone HC1 (100 tag/ 
kg mouse). 3Icod was taken from 5 mice 4,6,8,12,16,24,27, 
36,48 and 72 hours thereafter and serum samples were 
assayed for interferon. As can be seen in Fig.4, Interferon 
was first detected in scrum 6 hours after troatmonti a 
peak was reached after 16 hours and no Interferon was 
found in the specimens taken after 48 hours or later. 

A second group of 40 mice received Poly I:C intraperi- 
tonoally in a doso of 10 mg/kg mouse. Half an hour, 1,2, 
4,9,13,21 and 45 hours thereafter blood samples were 
taken from 5 animals üaeh 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. Hou/cuer, oirdulating interforon was essentially 
genti by 13 hours. 
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Tho 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 mouse) 27 hours thereafter, inttrferun was as- 
sessed in serum samples which were taken from 5 raieo 
each a6 4,5,8,12,16,24,27.5,26,31,36,40,48 and 72 huurs 
after Tilorone HC1 application. Fig.4 shows that mice 
treated with both inducers developed levels of Inter- 
feron which were only slightly higher than those obtained 
after treatment with Poly I:C alone. 

Table 19 illustrates that Tilorone HC1 in a dose of 
200 mg/kg mouse can prevent fatal TBC in mice. From 
SO treated mice only 16 died after infection with 100 LD 
of the virus, while all 50 control mice, which received no 
drug, succumbed. 

After a lower dose of Tilorone HC1 (50 mg/kg mouse) 90% 
of mice died after a survival time that was slightly lon- 
ger than with those of the controls. 

In 3 experiments Tilorone HC1 and Poly I:C were combined 
in low doses. Tilorone HC1 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 inducers 
alone or no treatisent at all. The doses of the two drugs 
as well as doses of infection in the 3 experiments can be 
seen in Table 20. 

Although combined 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. 

Discussion: 

FIAYER and KRUEGCR (24) havo shown, that Tilurune HC1 is a 
potent Interferon inducor, thus protecting mice against 
various virus dissasos. The highest dogroe of protection 
was achieved, uhen the drug was given 24 tu-jrs prior to 
infection (24). Thtirufuru, we also us«d thw cumpuund at 
this time. 

Lin the other 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 mico (see Fig.4) indicate that Tilorone HC1 is 
an inducer of the virus-like type while Poly I:C stimu- 
lates an intorforon as it is formed by the cell after troat- 
ment with ondotoxin. 
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Although ths formation of Interferon after the epplice- 
tion of the tuo compounds seems to follou different 
routes there is very little enhancing effect when both 
drugs are administered to the same animal. Thie le eppe- 
rent from both the level of Interferon in the eerum and 
the protection provided ayeinst infection with TBC virue. 

However it is apparent from our study thst Tilorone HC1 
is highly active against TSC virus in vivo^ If thie eub- 
stance is released for treatment of men it ie certainly 
worth testing. 

Summary: 

Tilorone HC1 induced interfaron in the eerum of sice thue 
affording protection against fatal TBC when given 24 houre 
prior to infection and in a dose of 200 mg/kg mouse. After 
application o. a lower dose (50 mg/kg mouse) mice euc- 
cumbed to the infection but hed e slightly longer eur- 
vival time than untreated controls. 

Tilorone HC1 wee also used in combination with Poly ItC. 
The latter was given 3 hours sfter infection i.e. at a 
time, when the Tilorone HCl-induced aerua Interferon el- 
reedy decreesed. Thue, e second peek of Interferon was 
demonstrated, which waa only slightly higher than that in 
non-Tilorone HC1 treated control mice. However, the com- 
bined application of low doses of both Interferon indu- 
cers did not show sny edventage over the eingle applica- 
tion as far as rates and time of survival of mice were 
concerned. 
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Studies on Patients 

(1)  Oiagnosti.- studies» 

These studies were first done in the usual manner with 
the heaagglutination-inhibition (HI) test and the Conple- 
■ent-fixation (Cf) test. Since the beginning of 1971 we 
switched to the 2-Ht test which is described in detail 
on pags ,«. . 

It was stated in last year's Final Technical Report (2) 
that our estimate of 2ÜÜ-3U0 cases of T9E that occur 
each year in Austria probably is still too low* The re- 
sults of our diagnostic studies done in 1970 proved that 
our assumption was correct: fron January through Oecen- 
ber 1970, a total of 320 cases of TBE was dxagnosed in 
our laboratoty. The patients were hospitalized in the 
following Austrian provinces: Vienna 45, Burgenland 7, 
Lower Austria 56, Upper Austria 27, Carinthia 112, 
Styria 73; thi«; is the highest number of cases ever re- 
corded since the beginning of our studies. Howewsrt upon 
conparison with data obtained in previous years (see 
Table 21) it becomes epparent that 1970 was not such an 
exceptional year aa far as cases oiagnosed in Vienna, 
Burgenland, Lower Austria and Upper Austria were con- 
cerned. The only real difference in the number of cases 
derived from J,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 1S71 
thus far available indicate that also this year morbi- 
dity of TBE will be about the same as in 197C. 

Figures 5-9 show the distribution of the endemic areas 
of TBE virus in 5 provinces according to the ..•formation 
obtained by means of questionnaires sent to the patients. 
Each dot on the map indicates an area where in 197U or 
1971 (until July) a patient acquired a tick whose bite 
was infective and was followed 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 that TBE presents in Austria. 

In reading tha maps one is, perhaps, struck by the distri- 
bution of TBE in some of the provinces* However, we are 
quite convinced that as a rule the results reported re- 
present the actual distribution of the virus. Ünly in 
Styria sampling was inadequate due to the fact that we have 
connections with but one hospital. There TBE is much more 
frequent than it appears from the map and probably occurs 
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in th» »hol« well wooded eree south of the Mur end flürz 
river«. Worth of thi« line the Alp« start and the valleys 
«oon «xcesd altitudes beyond 1000 n. It is our experience 
that although Ixodee ricinue tick« are etill found ebove 
this level they do not reach densities of population 
which are necessary for sustaining a virue cycle in 
nature. 
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(b) 42 frören sera etmrnmed from patients who had TBE some 
years ago. The sera were drawn at least 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 
TBC. The sera were not subjected to freezing before 
testing in the HI test. 

TreatjBent_of_3era_with_22~-:_ Nonspecific inhibitors in 
sera'uere removed by"either the kaolin or acetone-method. 
Thereafter, 0.9 ml of this serum were mixed with 0*1 ml 
of 0.5 M 2-nC and Incubated for 1 hour at 37 C. For con- 
trol, distilled water was used instead of 2-nE. Imme- 
diately thersaftsr with both samples the til  test was 
done using 4 unltd of antigen and testing the sera until 
a dilution of 1:1280. A diffaience in HI titers of 
2 steps was considered as significant« 

Results: 

From Table 17 it can be seen that upon testing of the 
frozen sera listed under (a) in about 32$ of established 
cases the diagnosis could be confirmed by the 2 PIE-method. 
With early sera of uncertain cases of TBE as revealed 
in the CF-test, the 2-I1E test gave the diagnosis in 46$. 
No serum from the patients listed under (b) who had suf- 
fered from TBE at least a year ago, showed a decrease in 
titer after 2 PIE-treatment. 

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

Also there was no difference between incubation of serum 
with antigen at + 4 C overnight 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-J*l£ 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 the difference between the 2-I1E trea- 
ted and the control sample uas less markend and often 
decreased below 2 titer steps. 

Comparing the results of the 2-riE tests of the frozen 
sera from 1970 with those of the fresh sera from 1971, 
it became obvious, that freezing and thawing has doleto- 
rious effects on the IgH antibodies. Besides we found that 
kaolin removed some of the large molecular antibodies from 
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(2)  Early diagnosis of TBE in the hsmaoolutinatlon- 
inhibition test by treatment of seruw with 
2-Hercaptoethanol. 

Introduction; 

TBE in man usually is diagnosed by serclogical methods. 
Virus isolation is only possible during the first vire- 
oiic 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 
was tested in the hemagglutination-inhibition (Hi) test. 
If positive, a second blood specimen was obtained 
lo-14 days later, 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 Igf-l antibodies 
(30,31), whereas antibodies of the IgG type are only 
produced later during disease. 

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

For this purpose we used 2-l*lercaptoethanol (2-ME) which 
is known to inactivate the biologic activity of IgU-anti- 
bodies, while immunoglobulin G in  unaltered. Therefore, 
a decrease of antibody titer of serum by 2-n£  treatment 
should indicate that the antibodies are mainly of the 
IgPI type and that the serum was derived from a patient 
with a recent infection. Such a procedure has already 
successfully been used for the rapid diagnosis of rubel- 
la (32,33) and Japnnnsä 8 encephalitis (34) virus infec- 
tions. 

I'laterial and Methods: 

Hemagglutination inhibition (HI) test: The test was done 
föliouIng''thQ~cias8lcaI procedure described by CLARKE and 
CASALS (35). 

Sara:  (a)  2Ü4 frozen (-20 ) sera, taken early after the 
onset of disease,, derived from patients who in 1970 have 
been hospitalized with nonbacterial meningoencephalitis. 
In 182 of these cases TBE was di-'qnosed with the CF test 
while in 22 cases the result of \.,.B  CF test was inconclu- 
sive. 
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tho serum. Becauso of these findings reaoval of nonape- 
cific inhibitors is now peiforned with the acetone- 
mathod (35). With this technique excellent results were 
achieved: So far 61 sera were obtained which contained 
HI antibodies. In 51 cases T6E could be diagnosed with 
the 2-nf. test and only in 3 of the 54 proved cases of 
T3E diagnosis had to be established with the CF test. In 
the renaining 7 coses the results of both the 2-iiC ana 
the CF tests indicated thct the antibodies were due to 
an earlier infection and had nothing t-.o do with the pre- 
sent disease. 

Discussion; 

TBE is an important medical problem in Austria. Therefore 
exact and rapid diagnostic methods are needed. From our 
study it is obvious that the 2-rtE test represents a grest 
improvement in the laboratory diagnosis of TBC of man, 
because the disease can now rapidly be diagnosed. 

According to our experience we propose the following 
diagnostic procedures: 

(1) Se'urn should be obtained from the patient immediately 
after overt TBC is suspected and tested in the HI test for 
antibodies, in dilutions 1:10 and 1:20. If negative, TBC 
can be excluded. If positive: 

(2) the nC-test is performed using acetone for the remo- 
val of unspecific inhibitors. During the peak incidence of 
TBC when at least 30^ of the sera are positive, it pays 
to shorten the procodura by omission of the screening for 
antibodies and immediate performance of the 2-ltE test. 
Since the antigen-serum mixtures are incubated overnight, 
diagnosis of TBE can thus be made within 24 hours. If no 
difference in titer is demonstrable with and without 2-flE 
breatment: 

(3) a second serum sample must bu required and tested 
together with the first one in the CF test. 

However, this will bo necessary in less than 10/b of the 
cases. 

Summary: 

It is known that 2-i'lercaptoüthanol (2-l'iE) is capable of 
inactivating antibodies of the Igii-type which are formed 
early during the cuursü of viral diseasus. In the present 
study it was investigated uhothor this compound can be 
used for an early diagnosis of TBE. For this purpose, sera 
from patients with acute TBE and from persons who contrac- 
ted the disease at least one year before the serum was 
drawn, wore investigated in the hemagglutination-inhibition 
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tost prior to and aftur treatment with a 0.05 n concen- 
tration of 2-fl£. It could be demonstrated that 2->£ 
causes a drop in HI titer in sera of patients with acute 
TBC. SCOG technical data arc given concerning this 2-nC 
test. Following the procedure suggested by us about 90% 
of TBC cases can rapidly be diagnosed with only one 
serum available fro« the acute phase of the disease* 
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(3)  Intarferon in tho CMS of fatal gfigeg of TBE. 

A study was undortaken to invostigatu tho rolo of inter- 
foron in fatal cases of different virel oncephalitidos. 
So far materials from 5 cases could be obtained, of which 
3 wore TBC. This once more shows tho fact that TBE is an 
important medical problem in Austria. The data, which 
wore available about the patients, are summarized in 
Table 24. 

Brains were prepared and suspended as described earlier 
for mouse brain (17). The suspensions were tested for 
interferon by tho dye uptake-method of FILTER (18), jhich 
is now routinely used for Interferon assay in our labo- 
ratory. 

The results are listeu in Table 25. Interferon was found 
in two casms of TBL, in which the disease took a very 
fast course. In one of these fatalities also virus could 
be isolated from the brain. Tho failure to isolate tho 
virus in the second case probably was due to the fact 
that transport facilities wert> inadequate and the brain 
arrived at our laboratory in a rather autolytic state. 

The third brain was devoid of both Interferon and virus. 
In this particular case the patient had lived for more 
than 3 weeks after the onset of overt TBC. 

The results of our study clearly indicate that Interferon 
can be demonstrated in the CNS of patients who succumb 
to TBC, provided that patients die early in tho «-our&c 
of disease. Thus it seem« evident that in TBC Interferon 
production is not the defense mechanism, on which death 
or survival depends. 
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(4> Imwoncolobulin. 

Sinco 197C human Ganmaglcbuliivagainat TB£ vipua la avail- 
ablo for prophylactic use in man* Details uttro given in 
last year's Final Technical Report (2). This year (1971) 
quite a run has started on the drug which soon proved to 
bo in short supply. Against our advice the manufacturers 
produced too small quantities. Thus far about 3,000 dosos 
veto  sold but according to the producer, the demand is 
about 10 times higher. Only time can tell to which extent 
the immunoglobulin is able to prevent or modify TBE.The 
only thing we dc know is, that none of this and last 
year's patients had received the drug as prophylactic 
prior to becoming ill. The demand for TBE immunoglobu- 
lin which went far beyond the expectations shows that 
great efforts must be made to supply our population with 
a safe and potent vaccf.no. This will bo one of our major 
tasks in the coming years. 
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Moaguito borne uirusee 

in Austria 

(1)  Inttoductlon 

During the past years ;iie haue carried out extensive field 
and laboratory studies on the two rosquito-borne viruses 
so far isolated in Austria, the Tahyna virus and the Calo- 
jo virus. These investigations yielded many results on 
the ecology and biology of the two viruses uhich are sun- 
marized in the Final Technical Reports 1969 and 1970 
(36,2). Some important features in the ecology of both 
viruses remained, houever, unclear. One of the most stri- 
king problems is the mode of hibernation and the periodi- 
city of the cccunance of the tue viruses as well as the 
apparently very limited areas in which Tahyna and Calovo 
viruses are endemic. 

In order to got further information on the ecology of 
these arboviruses the following investigations were 
carried out: 

(1) Virus isolation experiments from mosquitoes collec- 
ted in the Eastern part of the Ueusiedlersee area in 
1966. (Most of the results of these studies which have 
been finished meanwhile were already dealt with in the 
Final Technical Report 1970(2)), 

(2) Virus isolation experiments from mosquitoes collec- 
ted in the liieatern part of the iieusiedlersee in 1970. 

(3) Virus isolation experiments from overwintering mos- 
quitoes collected in the Eastern part of the Neusiedler- 
see during spring 1971. 

(4) Exposure of indicator rabbits in tho Western part 
of the Neusiedlersee in 1970. 

(5) Serological survey with bovine sera. 

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

(7) Experimental infection of hare with Cal^uo virus. 
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(2)  Colisctions of «cgquitoes and wirua faolation 
experiaenta in the Eastern part of the lake in 1968. 

In 1968, collections of mosquitoes were carried out in 
the Eastern part of the Neusiedlerseo area near the vil- 
lage Apetion (Secuinkel) in a cow bam during the day and 
in the field by sweeping entomological nets through the 
air from evening twilight until one hour after sunset. 
With the exception of those mosquitoes collected on Sep- 
toaber 3 all specimens had been already idontified whan 
the Final Technical Report 1970 was written; there the 
results are damonstrated in tables. 

On September 3, tho following species ware found (in 
brackets number of specimens collected/number of speci- 
mens tested for virus/number of pools/number of virus 
strains isolated): 

Anopheles oaculipennis ( 7/7/2/- ) 

Anopheles claviqsr ( 2/2/2/- ) 

flansonia richiardii ( 703/703/7/- ) 

Uranotasnia unpuiculata ( 2/2/2/- ) 

Culiseta annulata  i ( 7/7/4/- ) 

Culex pipiens ( 50/50/4/- ) 

Culex modostus ( 57/57/6/- ) 

Aeties flavescans ( 18/18/3/- ) 

Aodas canfcana ( 10/10/3/- ) 

Aedes caspius and Aad,    ( 1464/1464/30/3 strains of 
dorsalis Tahyno virus ) 

Asdes vaxans ( 9/9/3/- ) 

Altogether 10,544 mosquitoes belonging to 12 species were 
coilectod in the cowb-rn; froin those 10,564 were tested 
in 272 pools for virus, ushereby one strain of Tahyna 
virus (deriwing from a pocl of Anophelos maculipennis 
collected en July 10) and tjio strains of Calovo virus 
(deriving from tuo pools of AnoPholes msculipcnnis col- 
lected on August 17) wore isolatod. 

The mosquitoes collected outdours comprised 16,250 speci- 
mens belonging to 12 species; from those 16,242 specimens 
were testod for v/irus in 446 pools, uheraby 10 strains of 
Tahyna virus wore isolated. All strains derived from pools 
of Aedes caspius and Aedes dorsalis collected on Oune 25 
(4 strains), on August 17 (2 strains), on Septembor 3 
(3 strains) and on September 17 (1 strain). 
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The population dynamics of mosquitoes collected outdoors 
and in. the cowbern and the relative abundance of the six 
ooat. frequent species are shown in Fig. 10 and 11. Those 
days on which mosquitoes infected with virus were colloc- 
ted are indicated by a T (sTahyna virus) respectively by 
a C (sCelovo virus). 
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(3) Cüllaction of aosQuitows attackirui «en and wiru» 
iaolation expoiinenta in tho Western part of the 
lake in 1970. 

The Neusiedlersee area is one of the touristlcally «ost 
important parts in Austria. This is particularly the 
case in the Western part of the lake where large parts 
are suitable for all kinds of water sports. Additional» 
ly, in nörbisch, a village at the Hungarian border, 
festivals take place at the shore of tho lake in open 
air theatre every yoar during the suwaer aonths. Thus, 
masses of nosquitoes are attracted, heavily attacking 
nan, and representing a touristical problem. 

In August 1970, we therefore carried out preliminary 
studies on tho mosquitoes attacking man at the Western 
side of the 3 ake. 

On 4 days during the period from August 8 to August 19 
altogother 890 mosquitoes were collected in S locali- 
ties in the surroundings of Rust and Hörbisch (see Fig. 
12), the two touristlcally most important villages. 
Only those mosquitoes were caught which were attacking 
one of the three persons acting as bait. They wore 
sucked from the skin by aspirators and then frozen in 
dry ice. 

The results of the collections are shown in Fig. 13-17. 
From the diagrams the fluctuations of activity of the 
species observed during the period from late afternoon 
until night can bo seen. From the 890 females collec- 
ted, 799 (=89.8^) specimons uero represented by Culox 
modestus. 66 {=7.4,/b) by Mansonia richiardii and 25 
(=2.8/0 by Anopheles tnaculipennis. It will bo seon that 
Culox modgatus was active during sunshine in the after- 
noon as well as after sunset. Mansonia richiardii showed J 
two peaks of activity: a small one during late aftor- 
noon and a large one after sunset. The first peak may 
bo pxplained by tho reduction of light intensity and by | 
the displacement of sunlight into the long wavo spec- 
trum when the sun immersos into the haze stratum above | 
the horizon on late afternoon 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 moro or less constant light intensity 
and rises then rapidly after sunset. 

Tho mosquitoes sjerc tested for virus in 49 pools by 
i.e.infection of baby mice. No virus was isolated. 
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(4)  CoXlactioo« of ovarwintarAno »yquito»» and wiru« 
isolation axporiweivta in the Eaatarn gatt of  the 
lake during sjrlnq 1971. 

CH1PPAUX ot al. (37) ropoitod the isolation of a strain 
of Tahyna virus fro« faacJ.ee of Culex «odostus which 
Mere collected in the south of France in Doceaber. As 
Culex aodestus overwinters in tho iaaginal stagu the 
question aroso whether tho virus «ay hibernate in tho 
■oaquito-species. Culex oiodestus occurs in all parts 
of t',\ti  Meusiedlerswb area; su far it was» huwevwr, nut 

5 possible to isolate the virus fro« this species. 
I 

In order to study the possibility of overwintering of 
Tahyna virus in Culex «odestus it was intended to carry 
out collections of this species and virus isolation ex- 
periaents during spring. For this purpose, a large case 
(about 4 a2 and 2 ■ high) surrounded by a fence was 
placed at tho Sandeck, an area situated at tho margin 
of the reed zone in the Eastern part of the Neusiedler- 
see area near the village Illaitz where the Tahyna virus 
had often been isolated during the past years. On 
March 18, threo hens were put into the cage which was 
easily accessible for aosquitoes. Sentinel hens were 
chosen as Culex aodestus is an ornithophilic species 
although feeding on naaaals also. Parts of the cage con- 
sisted of reed blocks where aosquitoes, particularly 

I Culex aodestus. like to rest. 

On March 21,24,26,30, April 2,6,10,17,18,20,22,29, Hay 3, 
8,12,13,17,20,21,23,26,29 and June 2 the cage was inspec- 
ted and resting aosquitoes were collected and iomodiate- 
ly frozen in dry ice. The experimant was finished on 
June 2, äs at this tiae the overwhintering generat on 
of Culex aodestus had certainly died out. 

The reaults of colloctions of mosquitoes are shown in 
Table 26; it will be seen that only feu specimens of 
Culex modestus. namely 14 females, and 102 females of 
Anopheles maculipennis were caught. It is remarkable that 
Culex modestus was found until tno middle of April only. 
The mosquitoes ucrc pooled and t.jstod for virus in baby 
mictj in the usual manner. No virus was isolated. 
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(5)-  txpoauro of indicator rabbits in the blsatern part of 
Che lake in M70;   

In 1969, virus isclation experiments and sarological 
studies with sentinel rabbits had been 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 Neusiedlorsee area because 
neither any virus strain nor antibodies against Tahyna 
or Calovo virus could bo dotucted. 

For further informaticn 4 indicator rabbits were exposed 
on a platform in the Wostern part of the lake 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 lake. The blood samples taken on October 10 
were tested in the NT for antibodies against Tahyna and j 
Calovo viruses. 

All rabbits proved to be serologically negative against 
both viruses. 
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(6)  Serological survey of bgving 8era> 

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

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

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

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

The results are shown in Tables 27 and 26. It will be 
noted that 4% to 20.7% (average: 11.7^) of the cattle 
had antibodies against Tahyna virus and 57.1% to  78.7$ 
(average: 66.3/0 bad antibodies against Calovo virus. 
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(7)  Survey with wwian sera. 

In connection with the question whether the ornithophilic 
mosquito-species Culex godestue might bo involved in the 
circulation of Tahyna virus (38), we started a program for 
collections of sora of starlings (Sturnus vuloarie) during 
lato summer 1970; this bird species is very frequant in the 
area under invostigation. In addition, it was intended to 
get Information on the possible role of starlings for the 
incidence of other arboviruses. During the first weeks we 
were confronted with many technical and Juridical problems, 
which could, however, finally be solved. 

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

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

All blood samples were injected i.e. into baby mice. From 
none of the samples virus could bo isolated. 

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

The sora will be tested in the HI test for antibodies 
against other arboviruses also. 
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r (8)  Experioentsl infection of hara (Lepus europoeus L.) 
I «»it-h Calovo virus» 

I Extensive serological investigations have shown that hares 
z have antibodies againct Tahyrta virus to e high extent and 
| that they represent a#i important factor in the circulation 

of this vlrud. It was, however, surprising, that none of 
266 hares shot in the endemic ar&a in the Eastern fileusied- 
ietesB  area had antibodies against Calovo virus (40). Thus, 
the question arose whether hares are oven suceptible for 
the Calovo virus, a question which was of particular inter- 
est, as the rabbit regularly responds to the infection 
with Calcvo virus by forming neutralizing antibodies; 
the rabbit is indeed sn excellent indicator for the occur- 

I renca of that virus (41). 

In order to clerify the question, S throe months old 
hares were infected subcutaneously with an extraneural 
»train of Calovo virus (a homogenate of 2C supernatante 
of pools af Anrphelea maculipennis fro« which the virus 
had been Isolated), Two hares (Nr.l and Nr.2) were in- 
fected each with lCi0,GQ0 !-D  » two (Wt.3 and Mr.4) with 
10,000 Lü  , and one hare (Nr.5) with 1,000 LD 5/baby 
mice« Blood uas taken on the 1st, 2nd, 3rd, 4tH, 5th 
and 6th day p.i. and injected i.e. into baby mice undi- 
luted and in three dilutions (in" , 10~2, 10"3). 

Viremia <iias not detectable in any of the five hares. Four 
weeks p.i. blood was taken again from all animals and 
tested for neutralizing antibodies against Calovo virus 
(method see (Z5)).In none of the hares neutralizing an- 
tibodies could bo detected. 

Five ueeke p.i. the hares Nr.l and Nr.5 were each infec- 
ted with 5,000,000 LD /baby mice of the neuroadapted 
strain CUL 16345 of Calovo virus (6th passage in baby 
mice). Four weeks later, blood was taken for aerology. 
None of the two hares chowed a conversion of antibodies 
against Cslovo virus. 

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

DiscusGion 

The results of investigations reported above have con- 
firmed in several details two obsüruations already made 
in prior studies: 

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

(2) So far, wo have no evidence of the occurrence of either 
of the two viruses in the Western part of the lake. 
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J.n the Eastern part cf the lake» field investigations were 
carried out fron 1965 onwards. !n the Western part from 
1969 onwards. 

In the years 1966 unMI 1970 altogether 91 sentinel rab- 
bits wore exposed in different potts of both sidss of 
the lake mostly from April until November. Tho majority 
of the rabbits exposed in the Eastern part of the Neusied- 
lersee area developed antibodies against Tahyna and Calo- 
vc viruses during certain short- periods (see fig. 18 and 19). 
Correlating those datos with those obtained from investi- 
gations on mosquitoes (38,39,41 and this Report) one ar- 
rivos at the following conclusions: 

(1) So far in tho endemic area at tho Neusiodlersee (as 
well as in other parts of Central Europe) there is no 
evidence of tho circulation of Tahyna virus before 3une 10 
and aftor Septumber 17, and cf Calovo virus bofore Duly 8 
and after October 1. 

(2) The actual period of evident circulation of tho two 
viruses is, however, in most yoa?s much shorter (in some 
yearo apparently oven a few days only) and covers dif- 
ferent parts of tho periods mentioned under (üä). 

(3) Tho appearance of neutralizing antibodies against 
Tahyna and Caluvo viruses largely coincides with tho appea- 
rance of mosquitoes infected with these viruses. From 
this it may be concluded that othor blood sucking Diptera 
attacking rabbits do not act as vectors. 

The reasons for regular evidonco in the Eastern Neusied- 
lersee area but failure to isolate both viruses in the 
Western part can be explained by tho much less favourable 
ecological conditions for the virus circulation in the 
blest of tho area under investigation. 

As regards the Tahyna virus there is no doubt that Aodes 
caspius and Aedes dorsalis are the main arthropod hosts 
while hares represent the main uertabrate host. Both oc- 
cur in lower population dansitics in the west; this is 
particularly tho case with Aedes caspius and Aedes dorsa- 
lis which cannot develop in tho lake but need intermit- 
tent waters which dry out at certain periods during which 
the eggs are laid upon the dry seil. The Ssewinkel com- 
prises Pumeroua waters of this kind, on the Western part 
there are, however, practicably no intermittent waters. 

As regards the Calouo virus it can now be concluded that 
cattle are the main vertebrate host (at least in tho Nou- 
siedlersoe area). From 641 cattle sera tested 438 {=66,3%) 
had antibodies against Calovo virus, while only 75 (=11.7/0 
uoru positive against Tahyna virus. So far, only ono sero- 
logical survey including Calovo and Tahyna viruses has been 
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carried out with cattib, out uf 93 cattle from Slovakia 
6.4% had HI antibodies against Tahyna virus and 12,9% 
against Calovo virus (42). 

The results reported hero show that catt2t represent a 
good indicator For the occurrence of Tahyna virus. Huw- 
over, this domestic animal does not appear to participate 
in the natural cycle of the virus. 

In case of the Calovo virus the situation is quite dif- 
ferent. Among the vertebrate species other than cattle oc- 
curring in Central Europe only roe deer and horses may 
havo a certain importance for the cycle of the Calevo vi- 
rus (4ü). In the endomicTaast to the Nousiedlcrsee (and    \     ocox^ 
probably in most other parts cf Europe also) the popula- 
tion densities of both species are, however, probably toe 
low for the maintenance of the virus cycle. The high an- 
tibody-rates against Calovo virus found in cattle in the 
Eastern Neusiodlersee area load to the suggestion that 
the virus cycle depends on a sufficient number of cattle 
and a certain way of keeping cattle. It will be neces- 
sary to confirm this assumption hy quantitative ecologi- 
cal studies; in particular it will bo of interest to de- 
termine the height and duration of viremia in cattle. 

Two facts, however, confirm the concept of the essential 
role of cattle, namely the fact that most oi all Calovo 
virus strains isolated during the past years derived from 
Anopheles maculipennis collected in cowbarns on one hand 
and the special kind uf keeping cattle that is common in 
the Eastern Neusiedlcrsee area. In that area, the Seeuin- 
kcl, about 10.000 cattle are kept among which one third 
are individuals which hove been born outside the aroa 
and are held for rattening only. These cattle are impor- 
ted from other parts of Austria (mainly from Upper 
Austria and from Styria) mostly at an ago of a few weeks 
and kept i' the Scculnkul for about 1 1/2 years. Those 
cattle which are imported at an ago of some months may 
stay only a feu months (longest period: September until 
June of next year) and arc then seid. Thus thu virus re- 
servoir is permanently replaced so that evory year a suf- 
ficiently high number of susceptible and nen immuntj cattle 
are introduced into the virus cycle. In addition, cattle 
are the most important hosts of Anopheles maculipennis 
messeat). thus contributing to thu annual mass dbvelopfntrnt 
of that mosquito-spöcics. Fluctuations in the intensity and 
period of virus circulation in different years may bo 
tracod back to fluctuations of numbur and age structure of 
tho cattlo imported and to tho dates of import. 

This is e remarkable example of human influence on the OCJ- 
logical system of an arbovirus. 
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It is of intoroat that in India high antibody-rates against 
Chitoor virus (which is apparently indenticol with Calovo 
virus) wurc detected in different domestic animals (goats, 
sheep, cattle, buffaloos, camels, horses and donkeys). 
(43«44). Thus it bec&nias evident that the spectrum of ver- 
tebrate hosts of Calovo virus is mainly represented by 
domestic animals. 

It is a little surprising that the hare (Lepus europaaus) 
does not develop viremia nor antibodies after experimen- 
tal infection with Calovo virus, while rabbits regularly 
show an immunological response. In previous experiments 
it could bo shown that foxes (Vulpos vulpes) are suscep- 
tiblo to the virus, while badgers (rcelea males) develop 
neither viremia nor antibodies> Summarizing these results 
one arrives at the conclusion that the Calovo virus has 
an extraordinarily limitod spectrum of vertebrate host 
species« 

The most important problem which atill..rjnaios to be 
solved in the. ecology of the mosquito-borne viruses occur- 
ring in Central Europe is the mode of hibernation; many 
experiments have boon carried out during the past years 
in our institute and by scientists in Czechoslovakia 
which have shown several possibilities of ovorwintering 
(36,2). Recently tho Tahyna virus has been isolatud from 
females of Culex mc .ostus collected in December in the 
south of France (37). The authors suggest that the virus 
overwinters in Culex modostus. In our field studies car- 
ried out during spring 1971 not mere than 14 hibernating 
fomales of Culex modestus could be collected although a 
method was used which is - according to our experience - 
selective for this specxes* From this rusult it must bo 
concluded that it is very raro in spring - at least in 
the Eastern part of the lake, ilost specimens of Culex 
modestus collected during othor seasons (mainly late 
summer) wore indeed caught in tho L/esturn part. As pointed 
out abouo, however, su far wu have no hint of the occur- 
rence of the virus in the wost, while wo havo isolated 
many strains at that point (Sandeck) where the colleot- 
tions of mosquitoes wore dune :.n spring 1971. So far, we 
have not any ouidence for the hibernation of Tahyna virus 
in Culex modestus in Austria. It is conceivable that over- 
wintering of the virus is possible in this mosquito but 
suggest that this mode uf hibernation is not the actual 
one in tho uirus cycle. It will bu necessary to study this 
question carefully in dutai.l so that dofinite conclusions 
become available. 

In connection with this problem the preliminary studios on 
av/ian sera wore carried out. Tho finding of two sera of star- 
Urusujith nuutraliiing antibodies against Tahyna virus is of 



■39- 

interest and giv/gs a hint for a poc;ible participation 
of ornithophilic mo^quito^j (c.g.Cjlex modeatus) in the 
circulatAw:. of '.'^.L  VIILC. .-»l^o --hia quostion utilij feow- 
ever, requite fürcnri: rtürliss. A latyer survey «»ith avian 
blood samples ia intended. Uia ?re trying to get permis- 
sion fcr catchint. and blecd-ny oil  bird species occur- 
ring in the :«■» r.'-dlorasG vcoz ■   tto plan to test ell 
blood Earnpler ; Di virus 3(.u for antibodies against a 
selectad numbrr of r-.rLjv.i^i     In addition, it yill 
ba necescaiy ^o do j^ma c;'.pCii!.antal infections of 
birds (^P9 to ihrso r-peoies) ?ith Taiiyna virus in order 
to get exaut dr-ta nn euscepiioiirty, vircmia and anti- 
body formation. 

Suiiirnar^ 

i- 
{:> )    In 1958, collections of irosqui^r^s for virus isola- 
tion experincnts wore carried out in the surrounding of 
the villaga Apotlon in the Eastern Heusi^dlersee area 
from Ap-'il t-: Gctobsr. AJ toyethor 26,813 specimens be- 
longing '■o 13 speciso were c-ilir.ctrd from which 26,006 
were tested in 713 pet's for virus. Twu etreins of Calo- 
vo virus wsre iso.1.Tteri fron >t>v ^helae maculipennis, 
10 straina of Tcir/na virus d rived from niixad pools of 
Aedes caspiu^ fend Aed^^daraoli£ and enn strain cf Tahyna 
virus VJC^ icolat-jri ficra Anornelgs iiinsulioennis. 

(2) Durlng'ä Cc/v  in Ajguat i970 nnsquitues attacking 
man utro rnlifctecl 'jy  Bucking thei.i from tha skin near 
the louristi^cl." y i^pot,tr,nt vxllarc-! Rust and Sorbisch 
in the Lrrstprn ".":'. of th- Ic'e. /.Itogother 69L. speci- 
mens vsve crlloctT-'.,   nt^cJ-V '?9D  Lulex n.^de&tus, 66 Man- 
so n i a v z.cp:'. a r d i 1 aid 25 Anoo'alca mticulipennis, and 
tcsteo for uirus. no  viru^ cculc h^ isolated. The dyna- 
mics of actiwity cf  the i.v'jqui toes from late afternoon 
until night is shctr ip aiajrqmjo it is of interest that 
jisnsr nia ri.r.h:' 'yr'ii 'ül.ir.^, in cciiuc : e^.rly exclusively 
aftyr sbnsat hf;b . ^iiir>li Tirc^. peil, uf tctivity in thu 
late cftcrnonn uihrn tlsc Tin .'muerree into the haze stra- 
tum above ':hc hotizon. Hrobehiy ths sudcen aecline of 
light intensity i-nci the dis^laccnisnt of li^bt into tha 
long wave ^pjctrum ia t npurarcly "misLinde^stood" by the 
mosquito. 

(3) In cpri^q IPVl, nu3cijitoQ& for viruc isolation experi- 
ments ijjcro c-?llQcteii at Snndenk In the Ea^ts^.n part of 
the Neusiedlf.TacP arec usicr, continol h'-ns a.', baits. Alto- 
gether 116 mesquitoi.. cofld br. coll-jr,ted curing the period 
from Rarch 21 to Jvnr  7.,   namei, 14 femslos of Culex mo- 
destus and 102 "pmalos of Angphela:-: rnaculipünnis. No virus 
could be ifila'-.^d Trotri those iiusquitoes. It is suggested 
that the Tahynu 'jiru& may oco-ssionclly overuinter in 
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CUIBX »odestus. but does it probably not as a rulo, as 
the Moequitc is apparently too rare. 

(4) From 3uno until uctober 1970, 4 indicator rabbits 
were exposed in the  Western part of the laKo near Rust. 
None of the animals dauelopou antibodies against Tahyna 
?nd Calouo uiruses. So far, there is nn hint far the ac- 
tivity of one of the two viruses in the Western uleusiod- 
lersee area. This can be explained by the striking oif- 
ference in the ecological conditions betuuen the two 
sides of the lake. 

(5) From five communities situated in the Eastern Neu- 
sicdlersec area G41 cattld sura wera tested for antibo- 
dies against Tahyna virus and Calcvo virus. In 75 sera 
(=11.7,4) antibodies against Tahyna virus were found, 
41.Ö (sGS.jyu wuru positive against Caiovo virus. Ftom 
this it appears that cattle are net important hosts 
but good indicators for the Tahyna viius. In case of 
the Caiovo virus cattle are, however, apparently the 
essential vertebrate host and virus circulation seems 
to depend on a sufficient number and certain age struc- 
ture of cattle, since it is found in the Eastern (but 
not in the Ucstern) Nuusiedlerseo area. 

(5)  During late summer 1970, 32 starlings (Stutnus »ul- 
qaris) were caught in the Nousiedlersee area. Blood was 
taken for virus isolation and serology. From none of 
the 32 samples tested was virus isolated. From 23 sera 
tested two provud to be positive against Tahyna virus. 
Thus it seems possible that birds and ornithophilic 
mosquitoes take part in the circulation of the virus. 

(7)  Fiv» hares (Lopus auropacus) wore s.c. infected 
with variable doses of Caiovo virus. None of the animals 
duvelapad virüfnia nor antibodies against the agent. From 
this it appuars that harus arü - in contrast to rabbits - 
not susceptible to the Caiovo virus. It becomes evident 
that this virus has a very limited rangu of vertebrate 
hosts, prcfercibly domestic ungulates. 
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Tablo lb;  Wumber of ticks (Ixodes rxcinus) cülluctod 1L.7U 
in different areas in LOULT Austria ana wirus 
strains isolated thcrofrom. 

Uirus strain Ko.       Pool sizu  Location  Control point 

3C766        23 nymphb  btrwlzhuf/       11 
liiillendorf 

3Ü767 3 malos      -"- ii 
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Table • 31 Res'ilts of tick ccllcctions before and after 
Gatdona treatnept in Harnatein I. 

Treated 
fields 

Field 
No. 

2 

3 

« 

7 

e 

12 

16 

Sept.24 Sept.25 Uct.6 

rJumbör of      Number of      Number of 
nymphs (adults) nymphs (adults) nymphs (adults) 

15 

6 

6 

15 

6 

11 

5 

64 

3 

1 

1 

2 

3 

1 

16 

1 

2 

5 (2) 

12 (2) 

Untreated 
fields 

1 

5 

6 

9 

10 

11 

13 

14 

15 

7 

13  (3) 

8 

5 

I 

3 

3  (2) 

2 

2 

2 

6 

5 

3 

3 

4 

• 6 HI 

4 (1) 

14 (2) 
12 

4 

8 (1) 

7 (1) 

3 

8 

3 

47  (5) 33  (1) 63  (5) 
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Table 4; Results of tick collections before and after 
Gardens treatment In Hernstoin 11 and fehlleiten» 

Hernatein II April 27      Apr.U 30      flay 3 

Field No* Number of     Number cf     Number of 
nymphs (adults) nymphs (adults) nymphs 

(adults) 

Treated 
i ly 1 (1) 1 (1)      i 

fields 3 7 1 3 (2) 

5 21 (2) 4 (2) 7 
: 

7 21 (2) 2 2 : 

68 (4) e (3) 13 (3) 

Untreated 
fields 

2 

4 

12 

12 

00 12 

4 

20 

7 

6 18 (2) a (4) 14 (1) 

e 1£ 6 (2) 17 (1) 

56 (6) 31 (6) 58 (2) 

Pühlleiton lla y 7 (lay lu Hay 15 

Tr'eatertl  
fields 

1„ . , 

3 

._ .17 . 

23 

.(1)  . • 

1 

- 

5 5 (2) im - 

7 14 (2) 1 ■■. 

5y (5) 2 - 

Untreated 
fields 

2 

4 

4 

14 

(2) 

(1) 

8 

6 

3 

3 (i)        i 
6 12 (2) 8 (3) 3 

8 5 (2) 4 (2) 2 

35 (7) 26 (5) 11 (1) 
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Tebla S: Results of small fflanmal trapping in Taggenbrunn. 

Excursion 
Mo. 

Data Trap units Trapped animals 

1 flay  26-28.(1970)  460 

2 Sept. 15-17 (1970)  360 

3  rtov,   8-10 (1970)  260 

4  April 18-19 (1971)  26G 

1 Clethrionsunys glareo- 
lus 

2 Apodemus spec.(juve- 
niles) 

2 Clethrionomys glareo- 
lus 

7 Apodemus 8pec.(sub- 
adulta) 

6 Clethrionomys glareo- 
lua 

1 Microtus arvalis 

none 
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Tabla §j Yiald of final aftapc in tha praparation of 
receptor substance for arboviruaaa (TPI-Ca). 

Starting material 
(g monkey brain) 

ng raw 
TPI-Ca 

mg purified 
TPI-Ca 

Yiald 
par cant 

300 118 85 72 

200 86 66 75 

300 102 87 73 

300 119 95 60 

30C 104 82 79 

300 130 91 70 

300 108 87 80 

3Ü0 107 80 75 

400 144 120 83 

300 147 109 74 

300 102 86 86 

Sum:3,300 g 1,26? mg 988 mg 
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Tablo ?; Sw^llsst amount of TPI-Ca stiil inhibiting the HA 
of 4 HAU of TBE virus at different pH values. 

(incubation fur 15 min. at 0 C). 

PH 

6.0 

6.5 

7.0 

7.4 

7.9 

6.5 

9.C 

Jiy TPI-Ca 

0.04 

0.04 

0.Ü8 

0.08 

0.15 

L.3 

0.6 

Table 8; Smallest amount of TPI-Ca still inhibiting the HA 
of 4 HAU of TBC virus at different temperatures 

(Incubation for 15 min. at pH 7.4). 

Temperature 

00C 

220C 

370C 

|Ag  TPI-Ca 

0.06 iig 

0.3  jxg 

0.6  ^ig 
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TebXe 9; Smallest amount of TPI-Ca still inhibiting the HA 
of 4 HAU of TBC virus at different periods -o; 

(Incobaticn at pH 7.4 and ü C). 

Time 

1 min. 

2 min. 

4 min. 

8 min. 

15 min. 

ixg TPI-Ca 

Ü.04 »ig 

0.04 »ig 

O.Oe iir 

0.08 fig 

0.15 ixg 

Tabls 10; Titer of TBE virus preparations after incuba- 
tion for 3 min. at pH 7.4 and U C uith dif- 
ferent amounts of RS, folloued by 10 min.incu- 
bation uith basic substance under the same 
conditions. 

Exp.l   Exp.2   Exp.3  Exp.4 
Strepto- Strepto- Salmin Strepto- 
mycin   mycin mycin 

Virus + 12 \IQ  RS 

Uirus + 12 \IQ  RS + base 

Virus + 25 pg RS 

Uirus + 25 tig RS + base 

Uirus + 50 »ig RS 

Uirus + 50 ng RS + base  2 

Uirus + buffer (control) 2 

Uirus + base  (control) 2 

2J 

29 

22 

27 

2 

n,d. n.d. n.d. 

n.d. n.d. n.d. 

2 2 2 

25 27 25 

2 2 n.d. 

n.d. 

27 

«8 
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Tabla 11; HA-Titratior. (1:1 dilution series) at heat 
inactivated TBC virus after combination with 
RS at pH 7.4 for diffwtbnt puriods and at 
different temperatures, followed by separa- 
tion from the RS by addition of streptomycin 
for 10 mln. at 00C and pH 7.4. 

Temp.     Time HA pattern 

0 C      2 mln. ♦ + ♦  +  +  - 

4 min. + ♦ +  +(+)" 

8 min. + ♦ ♦  + (♦) - 

16 min. ♦ + ♦  + (♦) 

37° C     5 min.   + 

10 min.   + 

Table 12t Per cent of infective TBE virus firmly bound 
to purified Ra (not separable by streptomycin) 
after different periods of reaction at pH 7.4 
and 0 C (Values from a graphic interpolation 
of actually observed HA titers). 

Time bt rcjngiy bound virus 

Ü sec. 0 /, 

10 sec. 81 ;.. 

2U sec. 92  Ji. 

40 sec. 95 % 

80 sec. 95 % 

150 sec. 96 % 

300 sec. 97 '/u 

60U SQC. 98 % 
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Tebiö 13J Influence of Tf 
Dengue virusrs 

:I on inf 
assayed 

üctiwity 
in mice. 

of T8E and 

Virus Dose of 
... ao5c) 

i/irus Amount  of TPI PH 
Inhibition 

(LD50)         % 

TBE 

TBE 

io2-5 

lo1'8 
8  \iQ 

Ö  (ig 

6.4 

7.0 

IO1'0 

io1'2 

90 
i 

^90 

T8E 

TBE 

IO2*5 

ID3'4 

8  \ig 

6 »g 

7.3 

7.5 

IO1'0 

IO2'3 

90 

';99 

TBE ID2'5 1.6  ^g 7.5 IO0'7 ', 90 

TBE io0'9 
8 ng 8.0 0 0 

TBE TQQ.e 8  |ig 9.U 0 n 
Oenguo  II .   IO1'0 8   \iQ 7.Ü IO1'0 90 

Dengue  II io1-3 
8 jig 7.5 iii1*3 $90 

Table 14:  Influence of TPI on infectivity of SemJiki and 
Sjndbis viruses assayed in mice. 

Virus   Dose of virus 

(LD50) 

Semliki 

Semliki 

Semliki 

Semliki 

Sindbis 

Sindbis 

Sindbis 

Sindbis 

Aiiiüunt  üf TPI 

10 

10 

10 

10 

3.1 

3.1 

3.0 

2.9 

,2.5 10' 

IO2'6 

,2.7 IG 

10 

pH  Inhibition 

(LD50)    * 

2.2 

8  iiq 6.0 0 

8  ng 6.4 0 

8  ng 7.U io0*4 <90 

8  tig 7.5 ioü-2 <9Ü 

8  M 6.4 0 0 

B  ng 6.7 lü^1 ^yu 

G  |ig 7.5 io0'5 < 9Ü 

8  tic, 7.5 0 ü 
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Table 15; CF-tast of anti TPI and control sera with several 

Serum 

Anticorobroside  Control 

antigans. 

Antigen Anti-TPI 

fiousö brain 
suspension 

1 : 80 

Plyelin 1 : 80 
TPI acid 1 : ID 

TPI sodium 1 : 10 

TPI-lecithin 1:5U 
1:1 

27:1 

1 : 20 - 
1 : 4U 
1 : 40 

1 : 320 - 1 : 10 

: 320 1 : 10 

0 0 

0 0 

0 
0 

ü 
ü 

I 
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Table IB;  Interferon in the serum and brain of mice 
susceptible and resistant to.TBC. 

Days p.i. 

Swiss albino 

(susceptible) 

Uirus    Interferon 

I'lus. muse. epic, 

(resistant) 

Virus    Interferon 

1 3.61 1602 3.0 160 
s 
3 2 3.7 32Ü 6.3 320 
U 

3 4.3 32Ü 3.5 320 

4 2.8 160 1.7 160 

5 4.0 640 3.2 160 
c 
•H 6 7.Ü 1280 3.0 320 
ra u 
to 7 6.7 1260 2.8 320 

• 8 7.4 2550 2.7 320 

I 

: log to the basis 10; LU  assayed in suckling mice 
in 0.012 ml. &U 

: rsciprocal value of titer 
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I 
Table 19; The effect of Tilorone KC1 on experimental TBE 

t virus infection (100 LÜ ) in mice. 
DU 

Dose and time      Number of mice Number of  Average 
of treatment       infected       fatalities survival 

time 

200 mg/kg mouse 
24 nrs. p.inf.orally    50 

50 mg/kg mouse 
24 hrs. p.inf.orally    50 

None 50 

16 12.2 days 

45 10.2 days 

50 8.5 days 

Table 20; The effect of the combined application of 
Tilorone HCi and Poly IsC on experimental TBE 
in mice. 

Group of    Treatment     Number    Number of  Average 
mice of mice   fatalities survival 

inoculated time 

Experime n t Nr.  1 
^ 7 LD50 ) 

Group 1 Tilorone 
5ü mg/ky 
24.hors.pre 

inf. 50 42 1U.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 IsC 
p.inf. 50 26 11.3 days 

Group 4 None 50 40 1U.4 days 
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Table 2Ü (continued); 

Group of 
mice 

Treatment Number    Number of  Aveic^e 
of mice   fatalities survival 
inoculated time 

Experiment Mr. 2 (3 LO  ) 

Group 1 

Group 2 

Group 3 

Group 4 

Tilorone 
ICQ mg/kg 
24 hrs. pro 
inf. 

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

Tilorone 
pre inf. 
Poly I:G 
p.inf. 

None 

SO 

50 

50 

50 

11 

28 

11 

30 

9.5 days 

10.7 days 

10.6 days 

9.9 days 

Experiment    i\Jr.   3    (  100 L0_,    ) 
5u 

Group 1 

Group 2 

Group 3 

Group 4 

Tilorone 
100 mg/kg 
24 hrs.pra 
inf. 50 48 9.2 days 

Poly I:C 
mo mg/kg 
3 hrs.p.inf. 50 49 9.2 days 

Tilorone 
pre inf. 
Poly I:C 
p.inf. 50 46 9.6 days 

None 50 50 8.9 days 
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Tabls 25;  Intorferon in the CNS of fatal cases of encephalitis. 

Patient 

Contrci - 
Part of CNS    Tol.    Hu    llal.    no encephalitis 

Cortex 32Ü1 o2 160 0 

Cerebellum 16Ü 0 n.m.a. Ü 

Ganglia n.tn.a. n.m.a. U 0 

Brain stem 160 0 Ü 0 

Cervical cord 32Ü n.m.a. D n m .a. 

Lumbar cord 32U n.m.a. 80 n m .a. 

Reciprocal value of Interferon titer 

2  0  = /80 

n.m.a.= no matsrial available 
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Tablo 26:  Dcsquitoes collected at Sendeck (Caster n 
NrueiGdiorsoe area) in spring 1971 by using 
sentinel huns. 

Oato 
(Period from/to) 

Specibs (number or specimens/number 
of pools) 

March 11 - April 2  Anopheles modestus (1) / 1 

April 5-11 

April 12 - 16 

April 19 - 2S 

Culex modestus (11) / 4 
Anopheles maculipennis (6) / 3 

Culex modestus (3) / 1 
Anopheles maculipennis (1) / 1 

Anopheles maculipennis (6) / 2 

April 26 - Play 2    Anopholos maculipennis (1) / 1 

May 3-9 

.lay  lü - 16 

flay  17 - 2b 

Anopheles maculipennis (37) / 2 

Mnupholos maculipennis (43) / L' 

May  24 - 30 Anopheles maculipennis ( 5) / 1 

I 
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Tablo 27; K'out^alizing antibodies against Tahyna virus in 
cattle*. 

Origin of cnttle Number of sera tastod/  Antibody •• rate 
(corcmunity)     number of positivo sara     in % 

Fraucnkiroheii 77 / 26 20.7 

Tadton 1?.5 / 5 4 

t'.-lXarn 110 / 11 lu 

Panhagen 145 / 23 16 

Illüitr. 188 / 20 10.6 

Tot?. 641 / 75 11.7 

Tabl'-' 2d. f:3utralizing antibodies against Calovo uxrus in 
cattlo. 

Urigin o; cnttlo dumber of tera tested/   Antibody - rato 
(.:üp:.,.'..ii4-.y)      naffiber of punitive sure      in % 

tihuih'.:?.: •;n' ii 77 / fiA 57.1 

Tr'Jt?,'. .123 / 94 76.4 

Waiirrn 110 / 66 en 

Pamhagen 1^3 / 86 60.1 

:.Ur..lt7 188 / 148 78.7 

T o t a i 641 / 430 66.3 
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Fig. 2: Content of Semliki Forest virus in the  brain 
«nd spleen of mice 

brtm 

spleen 

24 48 72 96     hours p.i. 
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Fig.3:     27~bi$ ^-(difthyUmino)tthoxy]rUiortn-9-on0 
(Tiloront HCl) 

(MJMg.CH^C^) 

0   2HCI 

O-CHj-C^N^ 
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TBE   in Lower Austria and Vienna 
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Pig. 6 

•c*»o 9l***kit 

Endemic arta indicated by infection of man 

•    1970 
.     197; 

Focus verified by viruaisolation from ticks; 
o     1970 

x      1971 
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TBE in Burgentand 
Endemic Area indiceted  by infection of man 
.   1970 
.   1971 

/ 

Jugoslavia 
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Fig.lOi    S«««arial  fluctuation of Mosquitoes coiloctod in cewborne 
in ths Eflotstn Nousioftlorso* srss  in 1968 ana rslstivs 
sbundsnes of ths most frsqusnt spsciss« 
'■   T  rs«p.   C  «   Isolation of  Tshyns rasp,   of  Calovo  vitua  )• 

April  1    May 1 June  1      July 1      Au«.  1        3«pt.  1    Oot,  1' 

Anoph. aaouiipemls Aed. caapiua •* dorsalie 

Meuia,  richiardii Culls,  annulata 
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Tig.11:  Seasonal fiuctuatlun of »oaquitoo» coilactac outdoor« 
ir tha Caatarn Nausiaoiaraaa araa In 1V66 and rola^lva 
abundanca of tha ■oat fraquant apacia« 
( T s laolatlon of Tahyn« virua }, 

May 1   .fun»» 1  July 1  Aug. 1 

i—p 1—r 

:-3ept, 1  oat. 1 Nov. 1 

% 

Mans,  riohiardii Aea,  c/ispius 4 doraa.if 

Oul.  pj plena 

.'/A CuU*.  annulata E3 
6—3 

Anoph. maculipenni« 

Cul» modestuo 
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riy.l?j   Map  of   the   NeuBlBrUeraae  area, 



fig.13:   Fiuctuation  of   activity   o(   Qu&i<uitc«8  attacking  «an 
naar  nörbiech   (Waaturn   Neuaieularsee  ataa}  on  August   8, 
fro« 5  untii  y  pcR. 

MoQ iy00 18 I?5 1^° ?^0 i? 
, . , I I I ! 

17^ 1605 1b^ I"05 1-^ ^o1^ 21°° 

« Cui.  lao'ienxus 

Uans,  richiardii 

Anoph« n;acL,I i pemi E 

1 nun » 1 B*o?julto 

Fig,.14:   Fiuctuation   of   ectit.'ity 
of   mosquJtosa   attacking 
ma n near  Pihrbisch  on 
Autjust  1^,   frijir.   4.52 
until   7.r3/   p.m. 

ib'^2 iv4" 1000 1c00 ir0 

! ( "l I 

17'°   1^°   )900   1915   1952 
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fig.iS: fluctuation of activity of «csquitoas ettacklng »an near 
nörbisch on «uQuct 14 -other point), from (i  until 7.40 p.a. 

Fig.10: riuctuation cf activity of noaquitoaa attacking aan naar 
«örtiset^ on Auguat iöf fro« 7 until 8. iO p.«. 

Fig.17; Fluctuation of aosquitoas attacking «an naar Ruat (Waatarn 
6iauaiadlar«aa ara«; on Auguat i^, froa 7.until 8.15 p.a. 
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