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a part in the inactivation of EPF. The pres- 
ent studies illustrate again that both plasma 
and urine EPF levels commonly reach higher 
levels in phenylhyd’razine anemia than a t  
comparable degrees af anemia due to bleed- 
ing. Why levels of urinary EPF, as com- 
pared with corresponding plasm levels, are 
lowest in bled anemic, intermediate in phenyl- 
hydrazine anemic, and highest in h p x i c  ani- 
mals is not immediately apparent. Further 
chemical characterization of both plasma and 
urinary EPF is needed to establish whether 
or not their structure is the same. 

Summary and conclusions. Simultaneous 
assays of plasma and urinary EPF were done 
in animals with varying degrees of anemia 
induced by bleeding or phenylhydrazine. 
Likewise comparisons of plasma and urine, 
collected after similar intervals ot hypoxia 
from the same rabbits, were carried out. Di- 
verse results were seen in the rabbits with in- 
duced anemia. a) Bled anemic rabbits 
showed distinct EPF elevations in plasma at  
hematocrit levels of 15 and 10% Only mini- 
mal corresponding elevation appeared in the 
urine, occurring only at  the 15% hematocrit 
level. b) Phenylhydrazine anemic rabbits 
showed marked elevation of plasma EPF at 
all hematocrit levels from 25 to 10%. Uri- 
nary EPF was also present, although in lesser 
amounts, at these same hematocrit levels. At 
no time, in either the bled or phenylhydrazine 
anemic group, were EPF levels as high in 
uaim as in plasma. 

The time of appearance and potency of 
EPF in plasma and urine of h p x i c  rabbits 
were strikingly similar. Highest levels were 

present in both plasma and urine at 24 and 48 
hours. Return to- control levels was reached 
at 120 hours in both plasma and urine. At 
no time were EPF levels higher in urine than 
in plasma. In our opinion the above results 
suggest more the similarity than the separate 
identity of plasma and urinary EPF. They 
are compatible with the concept that urinary 
EPF represents partial excretion of plasma 
content . 
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LOSS of Neurotropic Pathogenicity and Hemagglutinating Property of 
Columbia SK Virus by in vitro Cultivation in Sarcoma 180 Ascites Cells? 

(27224) 

EIICHI FURUSAWA AND WINDSOR CUTTING 
Dept . o f Medical Microbiology, Stanford University, Calif. 

We have recently reported that Columbia both in vivo and in v i t ro(3) .  Alfter 30 pas- 
SK (Coll SK) virus adapted to Ehrlich ascites sages of the virus in S 180 ascites cells in vi- 
tumor cells in h O (  1,2) umld also be * Supported in part by California Division Am. 
adapted to Sarcoma 180 (S180) ascites cells Cancer SOC. 
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tro, we have obtained an attenuated virus 
which has completely lost neuro-virulence in 
mice and the hemagglutinating property. 
This new strain of Col SK virus is effective 
ds a live vaccine against Col SK infection in 
the mouse. 

Materials and methods. 1 ) .  Virus pus- 
sage in vitro. Details have been described 
( 3 ) .  After washing, 2 to 4 x 10" S180 as- 
cites cells freshly harvested from mice were 
suspended in 1 ml of culture medium per 
tube. The medium for virus passage froni 
the first generation (Tl )  to the twenty-ninth 
(T29) was composed of 80% of Medium 199 
and 20% of non-inactivated S180 ascites 
serum :from which the fibrin had been re- 
moved by standing at  4OC for 1 week. From 
T30 to T55 and for a second series of virus 
(Table 111) ascites serum inactivated at  
60°C for 30 minutes was used. At each gen- 
eration, 0.1 ml of 10 dilution of infected su- 
pernatant after centrifugation was used for 
the next passage. The cytopathic effect 
(CPE) appeared 3 days after incubation, as- 
certained by erythrosin staining, and was 
used for virus titration in vitro. For titration 
of hemagglutinins ( H A ) .  0.2 % sheep red cells 
suspended in potassium barbital buffer was 
used (4).  2) .  Virus titration. Infectivity of 
the culture fluids was determined at  each 
10-fold dilution, in vitro by CPE and HA 

(average of 3 tubes), and in v i zv  in 9 mice, 
3 of which were inoculated intracerebrally 
(ic),  3 intraperitoneally (ip),  3 ip accompn- 
ied by S180 ascites cells. 3). Ultraviolet- 
iriuctivatcd brain-Col SK virus ( U V  C d  S K ) .  
A lVL782-30 Sterilamp (Westinghouse, 118 
volts. 60 cycles, 0.5 line ampere) was used 
for inectivation of Standard Brain Col SK 
virus. Two nil of virus material (superna- 
tant of one brain homogenate in 10 ml of 
broth saline, containing about 106LD50/0.1 
ml of virus by ip route; HA titer 1:1280) was 
placed in an open petri dish 9 cm in diameter 
and irradiated at  a distance od 20 cm for 3 
minutes, with shaking by hand. This time 
was the minimum for complete inactivation 
of the virus. 

Results. 1. EBects of serial passage and 
reJrigeration on H A  property of Col SK virus. 
As reported previously(3), the HA titer of 
harvests of in vitro cultures varied through 
serial virus passage, as compared with the 
more consistent infectivity. After the twenty- 
eighth generation (T28) HA could not be 
demonstrated, but infective titers were still 
high, as shown in the second and third col- 
umns of Table I. However, harvests from 
earlier generations which had been stored at 
-20°C *for 1 to 5 months still showed positive 
HA (Table I). The original harvests from 
T1 to T20 showed completely maintained HA 
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TABLE 11. Non-specific HA Inhibitor in Normal 5180 Ascites Serun,. 

Non-inactivated 
56"C, 30 min. 60°C, 30 mh. 
inactivated inactivated 

Ascites serum dilution- \ 

1:2  1 :4  1:8 1:2  1:4  1:8 HAunits 1:2 1:4  1:8 1:16 

- - + + + +  
- + +  + + +  

16 - + + +  + + +  + + +  
32 + + + +  + + +  + + +  

+ + - - - 4 
8 - - - 

HA reaction: + indicates positive reaction ; - indicates negative reaction. 

titers and 2 serial sulbcultures also produced 
high titers of HA. However, by contrast, the 
original harvests from later generations (T24 
to T27) had lost HA titer in the freezer in 2 
months and the next subcultures could not 
reproduce HA in spite of high multiplication 
of infective viruses. 

2. Non-specific H A  inhibitor in normal 
S180 ascites serum. T o  explain the loss od 
HA in the later cultures, i t  was considered 
possible that the S180 ascites serum in the 
culture medium might interfere with produc- 
tion of HA or cover the surface of HA as re- 
ported for vaccinia virus by Cassel and Fater 
(5,6,7) and Japanese B encephalitis virus by 
Diercks et a l . (8 ) .  To test this, the HA in- 
hibition test was done with non-inactivated 
and heat-inactivated ascites serum by the 
usual method( 1).  Each 0.25 ml of 2-lfdd 
dilution of the ascites serum was mixed with 
0.25 ml of a definite amount of HA from T2, 
and after standing at  room temperature for 
1 hour. 0.5 ml of sheep red cells was added. 
Table I1 shows that normal ascites serum 
produces some H.4 inhibition which could be 
inactivated by heating at 60°C for 30 min- 
utes. In spite of the existence of inhibitor, 
HA production in earlier generations (before 
T20) was not interfered with by 20% of as- 
cites serum in culture medium (Table I) .  
However, the effect af the inhibitor was con- 
siderable on the HA of generations after T24. 
Therefore, cultures since T30 have been 
maintained with inactivated ascites serum. 
The results (Table I) demonstrate that virus 
which has lost the HA property dues not re- 
gain it in such medium. 

3 .  Second series of virus passages from 
T20 with inactivnled ascites serum. With 
the expectation that virus maintaining the 
HA property could be passaged in a culture 

medium containing inactivated d t e s  serum 
without loss of this property, a second series 
of virus passages was made, s ta t ing with 
T20, in which HA activity was maintained 
even after storage of 2 months (Table 111). 
Unexpectedly, HA was nut detectable in T27, 
and when new virus passages from T24 or 
T25 of the second series were repeated, again 
no HA was detectable in T27. 
4. Comparison of neurotropic pathoge- 

nicity between H A  positive and negative vi- 
ruses. To! examine further the changes in 
cultured viruses during serial passages, in- 
fectivity titrations were performed in vitro 
and in vizto. The results are shown in Table 
IV. The earlier passages (T4 to T14, HA 
positive viruses) showed high neurotropic 
virulence by the ic route without S180. T22 
still showed high virulence by the ic, but 
rather low by the ip route (with SlSO). T28, 
which had lost the HA property, showed low 
virulence and loss of oncolytic effect on S180 
in mice. Passages after T34 showed complete 
loss of virulence in mice, with only the CPE 
in vitro maintained. 

5 .  Comparison of prophylactic eflect be- 
tween the nttenuated virus and UV Col SK 

TABLE 111. Second Series of Virus Passage from 
T20 with Inactivated Ascites Serum. 

Genera tioii 

T20 
T21 
T22 
T23 
T24 
T25 
T26 
T27 
T28 
T29 
T30 
T31 

HA 

256 
64 

1024 
512 
512 

1024 
256 
<2 
<2 
<2 
<2 
<2 

Infectivity 



420 ATTENUATION OF ('OL SK VIRUS 

TABLE: IV. Comparison of X\'ciirotropic l'athogc~nic*ity between HA Positive and Negative 
Vi r iise's. 

Infectivity 
S180 i i i  r i l r o  jc route ip route 5180 in vivo 

(hiera tioii HA per . I  1111 per .03 ml per .2 ml per .2 ml 

T 4  
T14 
T22 
T28 
T34 
T38 
T46 
T49 
T52 
T55 

106 .5  ID,, 

107.2 

100.6 
] 07.2 

] Oi.5 

106.6 
] 07 .2  

108.2 

107.5 

1 O i . S  

LD, 1 0 6 s 6  LD, 
I 02.5 108.2 
102.2 104.6 

1 .0O.G < 100.0 
<100.0 < 100 
< l o o  < 100 
< l o o  < 100 
< l o o  
< l o o  
< l o o  

virzrs. In several preliminary experiments, 
attenuated virus (after T30) seemed to have 
a definite prophylactic effect by either ic or 
ip route against later challenge with virulent 
Col SK brain virus. This virus was then 
compared with UV irradiated Col SK virus. 
Ten-fold dilutions of both attenuated and UV 
virus were injected ip into groups of 5 mice; 
the injection was repeated one week later in 
one of the UV groups and in one of the TS5 
groups. After 10 days, about lCPLD50 of 
brain virus was injected ip into all mice. The 
results are shown in Table 1'. A single injec- 
tion of an attenuated virus (T31, T38, T46, 
T55) was completely protective against the 
challenge of virulent virus even at  the 10 
dilution. On the contrary, UV Col SK virus 
did not protect Completely unless 2 injections 
of 1O-I dilution had been made. 

Discussion. Cassel and Fater ( 5) reported 
that there was a non-specific inhibitor of vac- 
cinia HA in the ascites serum of Ehrlich tu- 
mor cells and i t  is of interest tu speculate 
whether or not there is a connection between 
this inhibitor and the Ifact that, on serial pas- 

sage in the tumor, the IHD-E strain Olf vac- 
cinia virus loses the capacity to produce HA. 
They also reported( 7 )  that the IHD-T strain 
of vaccinia, which lacks both HA and HA-in- 
hibiting property, was obtained by exposure 
to the inhibitor. If such an explanation is 
to be applied to our virus-host system, i t  
would seem that HA positive virus should be 
cultivable continually in the culture medium 
in which the HA inhibitor has been inacti- 
vated by heat. Unfortunately, we could not 
succeed in the serial cultivation of HA posi- 
tive virus beyond 27 generations. The HA 
inhibitor did not affect the mult$plicatim of 
the Col SK virus; the same was noted for 
vaccinia virus by Cassel(6) and for Japanese 
B encephalitis virus by Diercks et d ( 8 ) .  
Therefore, i t  seems that the HA inhibitor has 
no important action on induction of HA nega- 
tive virus in our system. It is of interest 
that the HA negative virus had at the same 
time completely lost neurotropic pathogeni- 
city, and it should be important to clear the 
relation between HA property and virulence 
in the central nervous system. 

TABLE V. Comparison of Prophy1a.ctic Effect of Attenuated Virus and UV-Killed Brain Virus. 

Injection, Virus dilution 
1 0 0  10-1 10-2 10-8 10-4 10-5 104 Inoeulum .3 ml ip 

UV-killed brain Col SK Once 3/5* 3/5 1/5 0/5 0/5 
Twice 5/5  5/5 2/5 0/5 0/5 

T34 O y  e 5/5  5 /5  5/5 5/5 3/5 1/5 0/5 
5/5 5/5 5/5 2/5 0/5 
5/15 S/5 5/5 3/5 0/5 

T38 
T46 
T55 Once Si.5 5/5 2/5 0/5 

Twice 5 / 5  5 /5  3/5 0/5 0/5 

* Numerator = No. of mice survivirig after challenge with virulent virus; denominator -= 
No. of mice used. 
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In comparing the immunogenic properties, 
the attenuated virus seems to be superior to 
UV (lo1 SK virus in dosage and number af 
injections to immunize. From the fact that 
a single injection of 10 dilution of the at- 
tenuated virus was enough to immunize mice, 
it is considered possible that the virus may 
have propagated subclinically. Similarly, 
Sabin (9,lO) reported that attenuated polio- 
virus which had been cultured in rhesus mon- 
key cells lost its virulence by intraspinal in- 
jection in the chimpanzee but still retained 
it for rhesus and cynomolgus monkeys. 
Berge, Banks and Tigertt(l1) used guinea 
pig heart cells to attenuate Venezuelan en- 
cephalomyelitis virus in mice. Findlay a d  
Mac Callum ( 12) passed a pantropic yellow 
fever virus in mouse carcinoma 63 and found 
that the passed virus lost pathogenicity for 
the monkey but retained virulence for mice. 
From these reports i t  seems that attenuation 
of the viruses was induced by use 06 the he- 
terologous hosts. On the other hand, in our 
case, attenuation of C d  SK virus was ob- 
tained during cultivation in homologous 
mouse tumor cells and in a homologous as- 
cites medium. It is of interest that the virus, 
now adapted to growing in tumor cells in vi- 
tru, is unable to grow in normal cells and in 
the same tumor cells in the homologous ani- 
mal. 

Summary. Attenuation of Columbia SK 
virus by in vitm cultivation in 30 serial pas- 
sages in Sarcoma 180 ascites cells is de- 
scribed, during which the virus lost neuro- 
tropic virulence and the HA property. Non- 
specific HA inhibitor in the culture medium 
has no connection with the changed virus na- 
ture. The attenuated drus could be used as 
a live vaccine afar prophylaxis of Columbia SK 
mouse infection. 
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Overwintering of Western Equine Encephalomyelitis Virus in Garter 
Snakes Experimentally Infected by Culex tarsalis. (27225) 

LEO A. THOMAS AND CARL M. EKLUND (Introduced by John J. Muncn) 
United Stutes Department of Health, Education, and Welfare, P.H.S., Nut. Znst. of Health, Nut. 

Znst. o f  Allergy and Inject. Dis., Rocky Mogntain Laboratory, Hamilton, Montana 

Previous studies have shown that garter 
snakes are readily infected with western 
equine encephalomyelitis (WEE) virus either 
by bites of infected mosquitoes or by the in- 
traperitoneal (IP) injection of infected 
moue brain tissue( 1). Snakes inoculated by 
the IP mute with 1 million suckling mouse 
LDS0 of WEE virus have been shown to hi- 
bernate overwinter under simulated natural 
conditions and to circulate virus as long as 

70 days the following spring and s m e r  (2). 
Culex tarsalis became infected by feeding 
u p n  these post-hibernating snakes and trans- 
mitted the virus to young chicks. 

Although garter snakes inoculated TP were 
shown to be capable of serving as an overwin- 
tering reservoir of WEE virus, a natural 
means af introducing the virus into snakes 
would have perhaps altered the picture. The 
present study was undertaken to determine 


