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Differences in Thermostability of Antigenically Related Strains of 
Poliomyelitis Virus." (21106) 

ALBERT S. KAPLAN~ AND JOSEPH L. MELNICK. 
From the Section of Preventive Medicine, Yale University School of Medicine. 

Recent studies have shown that related 
strains of a virus may have different sensitivi- 
ties to heat ( 1,2), and previous work from this 
laboratory has suggested that this might also 
be true for poliomyelitis strains(3). The 
earlier experiments have been extended in the 
present study which shows that 3 strains of 
poliomyelitis virus, a11 of the same immuno- 
logic type, differ in their susceptibility to heat. 
Because the differences are slight, a method 
(3,4) for their accentuation was used, viz., 
the viruses were suspended in heavy cream or 
ice cream mix and heated in these media. A 
report on the pasteurization of milk and cream 
artificially contaminated with poliomyelitis 
virus has appeared elsewhere( 3). 

Materials and methods. Viruses. 1 )  Lan- 
sing strain. This poliomyelitis strain, received 
from Dr. Charles Armstrong, had been passed 
275 times in mice and then 10 times in cotton 
rats. The latter material was used in these 
experiments. 2 )  Y-SK strain. This strain 
was isolated in this laboratory by Trask and 
Paul. After 21 passages in monkeys, it was 
adapted to cotton rats and mice. The strain 
used in these experiments had been passed 5 
times in cotton rats. 3 )  MEFZ strain. This 
strain was isolated by Dr. C. E. Van Rooyen 
and obtained from Drs. Jordi Casals and Peter 
K. Olitsky who adapted it to infant mice. 
The MEFl strain had been passed 86 times in 
infant mice and once in cotton rats, the latter 
being the source of virus for the heating ex- 
periments. Preparation of virus suspensions. 
For each strain the brains and cords of 20 in- 
fected cotton rats were thoroughly ground 
without abrasive until a homogenous mass re- 
sulted. To one portion, enough sterile dis- 
tilled water was added to make a 10% sus- 
pension; to the other portions cream and ice 
cream mix were added in the place of water. 
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The suspensions were centrifuged sufficiently 
to sediment tissue debris, but not at forces 
great enough to break the cream emulsion. 
Suspending media. The pasteurized heavy 
cream for these experiments was purchased 
on the open market, The ice cream mix (non- 
aerated) had been pasteurized before being 
used for the heating experiments. Method of 
heating( 3 ) .  The virus suspensions were drawn 
into thin, U-shaped glass capillaries with an 
average outside diameter of 1.71 mm and 
with a length of 40 cm, and then both ends 
were sealed. These capillaries were tied with 
cotton thread, by means of which they were 
lowered until completely immersed into a 
water bath maintained at the desired tempera- 
ture; immediately after heating for 15 or 25 
seconds, the capillaries were dropped in ice 
water. The water bath employed was accu- 
rate to 0.05"C. Determination of virus m- 
tivity. The rodent strains of poliomyelitis 
virus were inoculated intracerebrally in 0.03 
ml amounts into 4-8-week-old Swiss mice and 
4-6-week-old cotton rats. The animals were 
observed for a period of 4 weeks. Deaths 
which occurred within 2 days after inocuia- 
tion were considered nonspecific. Passage was 
made of brain and spinal cord from those 
animals exhibiting typical signs as well as 
atypical ones, particularIy those coming down 
following inoculation of material which had 
been heated at high temperature. A special 
point was made to pass material where only a 
small number in a test group developed disease 
or died without signs being observed. 

Resdts. Effect of cream on the thermosta- 
bility of virus. None of the 3 strains, Lansing, 
Y-SK, or MEFl suspended in water withstood 
inactivation by heating at 71.1OC for 15 sec- 
onds. This was true regardless of whether the 
heated viruses were inoculated into cotton 
rats or mice (Table I). When the Lansing 
strain was suspended in cream, however, a 
small amount of virus resisted inactivation at  
this temperature. Incredng the temperature 
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TBBLE I. Ef€ect of Cream on Ther-1 atability of 3 Strains of Type 2 Poliomyelit& Virus." 

Strain in water f- Heated in cream ---\ Original 
of virus 71.1" 71.1" 73.9" 76.7" 'i9.5"CI virus titer 

Heated 

A. Tests in cotton rats 
10-4.0 
10-3.3 Lansing 0/11 2/llt 0/12 0/11 0/12 

MEFl O/ll 3/12 6/11 4/11 2/10 10-2.8 
P-SK 0/12 6/11 7/10 8/12 10/12 

B. Tests in mice 
10-3.5 
10-2.5 

10-8.0 

Lansing 0/36 9/18 2/46 2/29 2/43 
Y-SK 0/21 16/24 9/24 8/17 18/39 
M E F l  0/36 22/36 15/40 12/38 10/39 

~ ~~~~~ 

* 10% spinal cords of infected cotton rats heated 15 see. at indicated temperatures. 
t 2/11 indicates that of 11 animals inoculated, 2 cane  down with disease. 

to 73.9"C sufficed to inactivate the virus to the 
point where none of the inoculated cotton rat3 
came down. As the results in Table I show, 
Y-SR proved to be more thermostable than 
did Lansing, and the virus persisted, despite an 
increase of the temperature to 79.5". Ten 
cotton rats developed experimental poliomye- 
litis out of the 12 inoculated with Y-SK 
heated at  this temperature. The difference 
between Lansing and MEFl was less marked, 
but the latter strain also remained active even 
at  this high temperature, 2 out of 11 inocu- 
lated cotton rats being infected. 
. , The results were less striking, but neverthe- 
less comparable with those obtained with 
cotton rats, when mice were used as the test 
animals. Thus traces of Lansing virus sus- 
pended in cream persisted even when the sus- 
pension had been heated at  795°C for 15 
seconds. However, of 43 mice inoculated with 
Lansing, only 2 showed signs of infection. In 
contrast to this, 18 of the 39 mice inoculated 
with Y-SK heated under the same conditions 
came dawn. The MEFl strain behaved inter- 
mediately between the other two. 
, EBect of ice cream mix on thermostability of 
virus. Lansing virus suspended in ice cream 
was heated for 25 seconds with the result that 
none of the cotton rats came down after an 
inoculation with virus held at  7 1.1 "C. Despite 
the 10 second increase in the heating time, a 
similar increased resistance of Y-SK was ob- 
served. Again, as the results in Table I1 
indicate, Y-SK virus persisted up to a tem- 
perature of 795°C with more than half ( 7  of 
11) of 'the cotton rats inoculated coming down 
with disease. Raising the temperature to 82.2, 
i 

however, sufficed to inactivate the virus to 
such an extent that it was no longer detectable 
in cotton rats. The MEFl strain showed a 
slightly greater resistance than Lansing to 
heat in that 2 of the 11 cotton rats inoculated 
with virus heated at  71.1"C were paralyzed, 
but a t  73.9"C virus could no longer be de- 
tected. 

The observation that mice were more sus- 
ceptible to the 3 strains after heating in cream 
was made again with virus suspended in ice 
cream (see bottom half of Table 11). Lansing 
virus suspended in ice cream remained viable 
even though the temperature was elevated to 
82.2"C: 3 of 42 mice became paralyzed fol- 
lowing inoculation. The Y-SK strain re- 
mained infective at  this temperature and as 
in all the previous experiments, more of the 
animals ( 10 of 29) came down than in the 
case of the Lansing strain. The MEFl strain 
appeared to be as resistant as Y-SK until the 
temperature of 82.2OC was reached; i t  was 
inactivated at this point to about the same 
extent as Lansing virus. 

Discussion. Although the 3 rodent-adapted 
strains of Type 2 poliomyelitis virus, Lansing, 
Y-SK, and MEF1, are immunologically indis- 
tinguishable, certain differences have been 
noted in the past to exist between at least the 
first 2 strains. Monkeys could be infected 
when given the Y-SK strain of virus orally, 
but they were not susceptible to infection with 
Lansing by this route of inoculation(5). In  
the growth of Lansing and Y-SK viruses in 
monkey testicular tissue culture ( 6 ) ,  only the 
latter strain proved cytopathogenic even 
though both viruses multiplied to the same 
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TABLE 11. 
Effect of Ice Cream on Thermal Stability of 3 Strains of Type 2 Poliomyelitis Virus.* 

Heated 
Strain in water f Heated in ice cream 7 Original 

of virus 71.1O 71.1" 73.9O 76.7" 79.5" 82.2"C virus titer 

A. Tests in cotton rats 
Lansing 0/11 0/11 0/11 0/10 0/10 0/12 10-4.0 
Y-SK 0/12 5/12 8/12 6/12 7/11 o/12 104.8 
M E F l  0/11 2/11 0/11 O / l O  0/11 0/10 10-2.8 

B. Tests in mice 
Lansing 0/35 9/38 10/40 7/40 5,/45 3/42 10-8.5 

10-2.6 
10-8.0 Y-SE 0/24 12/21 8/22 6/19 12/27 10/29 

M E F l  0/3 7 18/42 13/31 16/41 15/41 2/36 

* 10% spinal cords of infected cotton rats heated 25 see. 

degree, according to titrations of infectious 
culture fluid in mice.$ To these differences 
between the strains, one may now add the 
greater thermal resistance of the Y-SK virus. 
To detect this difference in response to heat 
by the 3 strains, it is apparently necessary to 
suspend them in a protective medium such as 
cream or ice cream mix (3 ) , for in no case did 
any of the strains prepared in water suspension 
resist thermal inactivation at 7 1.1 O . The cream 
probably slows the rate of inactivation suffi- 
ciently to magnify the differences between the 
strains. The differences in the thermosta- 
bility between the 3 strains did not appear to 
be due to a greater concentration of one over 
the other in the suspensions being heated. 
This is emphasized by the fact that in every 
one of the experiments reported here the titer 
of Lansing was from 0.7 to 1.Q log higher than 
that of Y-SK. 

The present results confirm and extend 
earlier observations on differences in the 
thermostability of these strains(3) : Lansing 
strain suspended in milk was inactivated by 
heating at  50°C for 30 minutes, whereas Y-SK 
proved resistant to this treatment. When sus- 
pended in cream, and heated at  71.1°C, the 
Lansing strain was inactivated after holding 
time of 45 seconds, whereas the Y-SK strain 
remained infectious until it had been held at  
this temperature for 180 seconds. 

As far as we are aware, this is the first re- 

$ Infected mouse cords were used as inoculum, in 
these experiments(6). Phillips has shown that about 
30 serial passages in tissue culture were required of 
this Lansing strain before it became cytopathogenic 
(7). 

ported instance of a difference in the response 
of 2 related poliomyelitis viruses to a physical 
agent like heat. The fact that 2 such closely 
related strains can differ in their thermosta- 
bility is, however, not a new observation in the 
field of virology, Burnet and Lind( 1) have 
found that the 3 virus types derived from the 
classical WS strain of influenza differ in their 
heat resistance, and they have used these 
differences as genetic markers. A similar phe- 
nomenon has been reported by Adams(2) for 
a heat resistant mutant of coliphage T5 which 
appears to be identical to the heat susceptible 
phage in all of its other properties. Thus, we 
now have a means for the characterization of 
Lansing and Y-SK strains of poliomyelitis 
virus which perhaps may be used as a marker 
in studies of viral genetics. 

Previous work(3) has shown that when 
human fecal strains of poliomyelitis virus were 
suspended in milk or cream, they were de- 
stroyed by pasteurization. I t  is highly un- 
likely that dairy products in nature would ever 
be contaminated so heavily that they would 
contain the concentration of virus used in our 
experiments, but if so, and if the contaminat- 
ing viruses were as stable as Y-SK, the present 
conditions of' high-temperature short-time 
pasteurization would be inadequate for ther- 
mal inactivation. 

Summary. Three rodent-adapted strains of 
poliomyelitis virus, all belonging to the same 
immunologic type, were found to differ in 
their thermostability ; these were, in decreas- 
ing order of resistance, Y-SK, MEFl, and 
Lansing. The differences between these 
strains became evident only when they were 
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suspended in cream or ice cream before being 
heated. All three strains suspended in water 
were inactivated by heating at 71.1°C for 15 
seconds. When heated in cream the viruses 
withstood 795°C for 15 seconds and in ice 
cream they withstood 82.2OC for 25 seconds, 
with Y-SK resisting inactivation to the great- 
est extent. 
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Effects of Plastic and Steel Surfaces on Clotting Time of H u m a n  Blood.* 
(21107) 

JOHN C. ROSE AND HERBERT P. BROIDA. (Introduced by E. D. Freis.) 
From the Cardiovascular Research Laboratory, Georgetown University Hospital, the Department 

of Medicine, Georgetown University School of Medicine and the Biophysics Laboratory, 
National Bureau of Standards, Washington, D.C. 

Studies in our laboratories using a mechani- 
cal heart pump( 1 )  and intravascular pros- 
thetic devices( 2 )  have stimulated an investi- 
gation of the effects of various plastic and 
steel surfaces on the clotting of human blood. 
Only a few relatively limited comparative 
studies of surface effects on clotting have been 
reported previously( 3 - 6 ) .  

Materials and methods. A method for the 
determination of clotting time on various 
types of surfaces was devised in which all ob- 
servations were made by one individual. 

* The authors gratefully acknowledge the assis- 
tance of Mr. Philip Pfaff of the Instrument Shop 
of the National Bureau of Standards, who con- 
structed the apparatus described and machined 
and polished the steel test surfaces and several of 
the plastic surfaces. We are indebted to the fol- 
lowing companies for supplying us with their 
products: Armour Laboratories for A-15 Needle 
Coating Agent; the U. S. Stoneware Corp. for 
specially molded Tygon tubing (Tygoflex 7 5 ) ;  the 
M. W. Kellog Co. for a machined and polished 
Kel-F receptacle; E. I. Dupont de Nemours and Co. 
for supplies of polyethylene (-4lathon) and Nylon 
FM-3001; and Rohm and Haas and Co. for a 
large piece of methyl methacrylate (Plexiglas 11) . 
The surgical procedure described was directed and 
performed by Dr. Gharles A. Hufnagel, Georgetown 
University !jchool of Medicine. 

Materials studied were identically shaped into 
biconcave receptacles or open-end curved 
tubes with radii of 5 inch and 2 inches. 
Prior to each measurement, the surfaces un- 
der study were thoroughly cleaned with an 
alkali detergent, rinsed in distilled water, and 
oven dried. A plastic box with a removable 
transparent cover was suspended in a constant 
(37  L- 1 O C )  temperature water bath and 
continually rocked by a slow speed motor 
through an arc of 70" at a rate of 15 cycles 
per minute. Within the box, 2 test surfaces 
were placed simultaneously. Blood was ob- 
tained from normal individuals with no clot- 
ting defects. For each pair of determinations, 
10 cc of blood were drawn from an antecubitd 
vein, through a sharp 18-gauge needle into a 
siliconed syringe. Blood was drawn imme- 
diately after placement of a tourniquet, and 
samples were discarded if the vein was not 
immediately entered. Two cc of blood were 
then placed on each of the 2 surfaces to be 
tested and the first 6 cc drawn into the 
syringe were discarded. Thus, the blood 
tested contained a low tissue thromboplastin 
concentration (7) .  Time was measured with 
a stop-watch. Initially, 2 times were re- 
corded; the onset of clot formation, and the 
time of completion of the clot. It was found 


