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reduction neutralization test employed. 
The plasma aliquot from which the A-1 

virus was presumably recovered had been 
heated for 1 hour at 60°C) yet the tissue cul- 
ture-adapted isolate is inactivated by similar 
treatment even when suspended in undiluted 
normal human plasma. The significance of 
this observation is undetermined. 

Summary. 1. A virus has been recovered 
in tissue cultures inoculated with the 1951 
NIH icterogenic plasma pool. 2. This agent 
produces cytopathogenic effects in a wide va- 
riety of cell cultures, but induces no overt 
disease in common laboratory animals. It 
produces inapparent infection in embryo- 
nated eggs. 3. Serologic studies have failed 
to show any relation between the A-1 virus 
and a number of recognized viruses. 4. Heat 
inactivated sera from normal human beings 
and animals did not neutralize the virus. 
5. Volunteers infected with serum hepatitis 
virus from 6 different sources have, with a 
high degree of consistency, developed anti- 
bodies against the A-1 agent. 6. Sera from 
patients with infectious hepatitis have not 
neutralized the virus with comparable regu- 
larity. 

The technical assistance of Alfred Segee is grate- 
fully acknowledged. 
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Inactivation of Vacuolating Virus (SV40) by Formaldehyde. (26892) 
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Bethesda, M d .  

Sweet and Hilleman ( 1 ) recently reported 
discovery of a new virus of rhesus and c y n e  
molgus monkey origin. Unlike other simian 
viruses this agent fails to cause detectable 
cytopathogenic changes in cell cultures of 
rhesus and cynomolgus monkey kidneys 
where i t  multiplies to relatively high titers. 
In  kidney cell cultures derived 4mm the Af- 
rican Green monkey, Cercopithecus aethiops, 
however, the virus causes cytopathic effects 
characterized by cytoplasmic vacudations 

which coalesce with eventual destruction of 
the cells. For this reason the virus has been 
named vacuolating virus and has been desig- 
nated SV40 by Hull. 

The present report describes studies on 
formaldehyde inactivation of SV40 and its de- 
tection in some lots of poliomyelitis and 
adenovirus vaccines. 

Materials and methods. Tissue cultures. 
Kidneys obtained from African Green mon- 
keys were trypsinized and grown at 37°C in 



206 FORMALDEHYDE INACTIVATION OF SV40 

Melnick's ( 2 ) lactalbumin hydrolysate me- 
dium containing 5% heat-inactivated calf se- 
rum. The maintenance medium consisted of 
medium 199(3) pH 7.8 with 2% heat-inacti- 
vated chicken serum. The antibiotics used 
in the media were 100 units of potassium 
penicillin and 100 pg of streptomycin sulfate 
per ml. 

Virus. Strain 776 of SVA0 was used in 
these studies.* Virus pools were prepared in 
cell cultures of African Green monkey kid- 
neys in serum-free medium 199. The virus 
pools were stored at -60°C. 

Vaccines. Samples of formalinized pl io-  
myelitis and adenovirus vaccines prepared by 
domestic manufacturers were used during this 
study. 

Virus titrations and serum neutralization 
tests. Roller tube cultures of monkey kidney 
cells containing 1.3 ml of maintenance me- 
dium were inoculated with 10-fold dilutions 
of virus. Four tubes were used per dilution 
and each tube received 0.2 ml of virus. The 
cultures were observed for cytopathic changes 
during 14 days of incubation. Neutralization 
tests were performed by incubating for 2 
hours a t  37°C a mixture of equal volumes 
of 200 TCIDSo of virus per 0.2 ml and heat- 
inactivated homo1 ogous rabbit ant iser um .* 
The virus serum mixture was inoculated in 
0.2 ml amounts into monkey kidney culture 
tubes which were held for 14 days at 37°C. 

Formaldehyde treatment of vacuolating vi- 
rus. Two hundred ml of vacuolating virus 
suspension were filtered through a Selas 03 
filter by negative pressure. The pH was ad- 
justed to 7.0 by addition of 0.1N hydrochlo- 
ric acid. The pool was divided into 2 por- 
tions of 90 ml each and was pre-heated in a 
water bath to 37OC. To one portion 10 ml 
of a 1:400 dilution of Formaldehyde Sdu- 
tion USP, was added with constant mixing 
to produce a final concentration of 98 pg 
formaldehyde per milliliter as determined by 
assay. The other portion which received an 
equivalent volume of balanced salt solution 
in place af the formaldehyde solution served 
as a control fluid. The 2 portions were incu- 
bated in tightly stoppered flasks in a water 
bath at 37 r+ 0.5"C for a period of 14 days. 

* Kindly made available by Dr. Hillernan. 

At various time intervals 5 ml samples were 
withdrawn and treated immdately with0.15 
ml of 1% solution of sodium bisulfite. The 
samples were stored at  -20°C until they were 
assayed for virus content. 

Detection of Who in vaccines. Each sample 
of vaccine was dialyzed at 4°C $or 24 hours 
against 20 volumes af buffered saline pH 7.4 
and an additional 24 hours against 20 vol- 
umes of medium 199. Two test techniques 
were employed. In the me,  400 ml of vac- 
cine were concentrated by centrifugation at 
30,000 RPM for 3 hours in the Model L 
Spinco centrifuge with the No. 30 rotor. 
Gelatin in a final concentration of 0.06% was 
added before centrifugation to facilitate re- 
covery af the virus($). The pellets were re- 
suspended in 18 ml of medium 199 and the 
suspension was inoculated into 3 milk dilu- 
tion bottles of monkey kidney cell cultures 
containing 12 ml af maintenance medium. 
The bottles were incubated at 37°C for 14 
days a t  which time 3 ml from each bottle 
was subcultured into 6 roller tubes of mon- 
key kidney cells, 0.5 ml per tube containing 
1.5 ml of maintenance medium. The tubes 
were observed for 14 days for any cytopathic 
changes. In the other technic, 400 ml of 
vaccine were inoculated into 16 Blake bottle 
cultures of monkey kidney cells, each receiv- 
ing 25  ml of vaccine and 50 ml of mainte- 
nance medium. After 14 days incubation at 
37°C fluids from each bottle were subcul- 
tured as described for the concentrated test. 
In all tests uninoculated cell cultures of the 
same cell lot were included as controls. The 
milk dilution and the Blake bottles received 
15 ml and 75 ml of maintenance medium re- 
spectively. They were observed for 14 days 
and the fluids were subcultured in the same 
manner as described for test cultures. 

Because of the careful microscopic o b G -  
vation and the high magnification required 
to detect the characteristic CPE, only the 
subculture tubes were examined at  regular 
intervals for evidence of the presence of the 
virus. The primary culture bottles were ex- 
amined only to assure satisfactory cell main- 
tenance. Final identification of agents en- 
countered in subcultures was done by neu- 
tralization tests. 
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FIG. 1. Inactivation of SV, by 1:4000 formalde- 

Results. Susceptibility of SV40 to formal- 
dehyde. The course of formaldehyde treat- 
ment of a serum-free filtrate of SV40 suspen- 
sion is presented in Fig. 1. The slope of the 
inactivation curve runs approximately paral- 
lel to the curve published by Sweet and Hille- 
man ( 1 ) indicating similar rates of inactiva- 
tion as shown by the solid lines. However, 
in contrast to the straight line shown by 
those authors, the results obtained indicate a 
flattening af the curve with a residual viable 
fraction remaining throughout the entire 14- 
day period of observation. A hypothetical 
projection from the data of Sweet and Hille- 
man has been included as a dotted line in or- 
der to show the probable course of inactiva- 
tion when lower starting titers of virus are 
employed. Of further interest is the remark- 
able thermostability of this agent as evi- 
denced by the ,full retention of infectivity 

hyde solution USP, at 37°C and pH 7.0. 

during heating without tormaldehyde at 37 O 

C for a period of 14 days. 
Detection o j  SV4* in poliomyelitis and 

adenovirus vaccines. Randomly selected 
samples of poliomyelitis and adenovirus vac- 
cines were tested for the presence of viable 
Sv40. The results are summarized in Table 
I. Four of 8 poliomyelitis vaccines and 3 ob 
3 adenovirus vaccines were found to produce 
characteristic cytopathic changes in all sub- 
culture tubes. An isolate from each positive 
vaccine was identified by means of serum 
neutralization tests. The repeat tests shown 
were done with different lots of kidney cell 
cultures and gave similar results. Uninocu- 
lilted cell controls were included in each test 
and in addition vaccine D was used as a 
negative control in the repeat isolations. In  
no instance was SV4* isolated from the nega- 
tive vaccine control or from the uninaculated 
cell controls. 

To evalwte the sensitivity of the concen- 
trated and unconcentrated test methods all 
positive vaccines were tested by both meth- 
ods. No significant difference was observed. 
With both methods all subcultures derived 
from positive vaccines showed characteristic 
cytopathic changes between the 7th-10th day. 

Quantitation of SV4” in poliomyelitis vac- 
cines. It was of interest to measure the rela- 
tive amounts od viable Sv40 in the samples 
af some vaccines. Ten-fold serial dilutions of 
22x concentrated vaccines D, E and F were 
titrated in tube cultures of monkey kidney 
cells. At the end of 14 days incubation, 
fluids from “negative” tubes of each dilution 

TABLE I. Detection of SV,o in Poliomyelitis and Adenovirus Vaccines. 

,-Vaccines-, Uninoculated 
Polio Adeno Test method Results cell controls Identification$ 

A, B, C, D” 

E (repeat) 

F (repeat) 

G (repeat) 

H (repeat) 

E 

F 

G 

H 

COllC. 
Uncone. 
Conc. 
Unconc. 
Conc. 
Conc. 
Unconc. 
Conc. 
Unconc. 

I, J,K* Conc. 

0/3 t 
15/16 

3/3 
16/16 
3/3 
3/3 
16/16 
3/3 
16/16 
3/3 

* Results shown were obtained with individual vaccine samples. 
t No. of positive bottles/Total bottles inoculated. 
$ Isolates identified by neutralization tests. 
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TABTJE 11. Titration of Poliomyelitis Vaccine for SV,, Content. 

Subcultures of pooled 
Dilutions of concentrated negative tubes of Estimated virus 

vaccines-loglo each dilution group particles/ml t 
Vaccine 1 2 3 4 1 2 3 4 

D 0/4* 0/4 0/4 0/4 0/4 0/4 0/4 0/4 None 
E 1/4 3/4 1/4 0/4 414 0/4 4/4 4/4 2000 
F 1/4 0/4 0/4 O / - i  0/4 4/4 4/4 0/4 200 

~~ ~~~~ 

* No. of tubes showing CPE/Total tubes inocnln t d  
t Calculated for u n ~ o n c e i ~ f r : ~  terl rnccinc. 

group were pooled and subcultured without 
further dilution into 4 tube cultures of mon- 
key kidney cells. Primary titration of for- 
malin-inactivated poliomyelitis vaccine re- 
vealed cytopathic changes in only few of the 
culture tubes (Table 11). The results of sub- 
cultures from “negative” primary tubes in- 
dicated a 10- 100-fold higher concentration 
of SV40. .4ssuming that only one virus par- 
ticle was needed to initiate infection of the 
subculture tubes the number of virus par- 
ticles in each vaccine was estimated as shown 
in the last column of Table IT. 

Discussion. The results obtained in this 
study indicate that the course of treatment 
of SV40 with 1:4000 formaldehyde was char- 
acterized by a biphasic reaction. The major 
portion of the viral pDpulation was inacti- 
vated progressively at  a slightly slower rate 
than poliovirus. The second phase of the 
curve indicated the persistence of a residual 
fraction which resisted inactivation. The 
slope of the linear portion of the curve ap- 
proximately paralleled the one described by 
Sweet and Hilleman ( 1). Their failure to de- 
tect viable virus after 46 hours of inactiva- 
tion is undoubtedly due to the fact that the 
titer of the virus suspension at  the start was 
2.25 logs lower than the one used in this 
study. Therefore, the infectivity of the sam- 
ples taken after 46 hours of inactivation fell 
below detectable levels when 0.2 ml volumes 
were used for assay tests. This has been in- 
dicated by the hypothetical projection (dot- 
ted line Fig. I )  of their curve. Furthermore, 
Sweet and Hilleman observed their assay 
tests for a period of only 10 days. In our ex- 
perience there was a marked delay in the ap- 
pearance of cytopathic effects caused by for- 
maldehyde-treated SV40. In most instances 
initial CPE did not appear until the 1 l th  day 

and the final infectivity titers were reached 
on the 13th and 13th day. This observation 
is similar to the findings by Bottiger et al. 
( 5 )  with formaldehyde-treated poliovirus. 
Hull‘s(6,7) data on rate of formaldehyde in- 
activation of the simian viruses known at 
that time revealed that all of these agents 
were inactivated more rapidly than polio- 
virus, with the exception of SVI3 and SV27 

which were destroyed at a rate similar to that 
for poliovirus. 

Further studies are required to determine 
if there is variation in the viral population 
with regard to susceptibility to formaldehyde 
or, a1 terna tely , if reactivation of “inacti- 
vated” particles occurs as described for bac- 
teriophage (8). 

In view of the results obtained in the inac- 
tivation studies, the presence of viable sv40 

in killed poliomyelitis and adenovirus vac- 
cines was not entirely unanticipated. The 
probability that a vaccine lot contains viable 
SVa0 in detectable amounts, depends of 
course on the concentration of this agent be- 
fore formaldehyde treatment. 

In  studies designed to estimate the amount 
of viable SV40 present in vaccines, use af a 
sensitive assay technic was essential. Through 
subpassage of the “negative” titration tubes 
at the end of 14 days the sensitivity of the 
assay was increased up to 100-fold as com- 
pared with the primary titration. The esti- 
mated quantity of SV40 per milliliter of vac- 
cine is in agreement with the results shown in 
Fig. 1. Since the incidence of SV40 infection 
in kidney cell cultures has been shown to 
vary significantly with the species af monkeys 
(1 ) , this factor could influence the presence 
of detectable SVio in formalinized vaccines. 
In addition, the degree of contamination of 
the seed virus inoculum with SV40, the total 
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incubation period of the kidney cell cultures 
during vaccine production and specific varia- 
tions in the manufacturing process may also 
be contributing factors. 

Preliminary results(9) of studies on anti- 
body to SV40 in normal monkey sera show 
that rhesus monkeys were infected with sv40 
as far back as 1956. This suggests that kid- 
ney cell cultures and hence Salk poliomye- 
litis vaccine may have contained the virus 
in viable form. The finding( 1) that a high 
percentage af persons following injection of 
2 doses of poliomyelitis or adenovirus vac- 
cine developed relatively high antibody titers 
to SV40, prompted Sweet and Hilleman to 
comment on the apparent high potency od 
SV40 antigen in these vaccine preparations. 
In retrospect, therefore, one ca.n assume that 
large groups of the population in this coun- 
try and abroad must have been injected with 
varying amounts of SV40 during the course 
of immunization with formalinized poliomye- 
litis or adenovirus vaccine. Careful clinical 
studies on selected groups of vaccinees sug- 
gest that no harmful effect can be attributed 
to vacuolating virus within the limits of the 
observation period. Furthermore, oralt or 
intranasal( 10) administration of SV40 in man 
results in viral multiplication without caus- 
ing illness. While short term studies of the 
pathogenicity of Sv40 in laboratory animals 

t Melnick, J. L., personal communication. 

have been reported as negative( 1), the long 
term effect in newborn animals remains to 
be determined. 

Szmmary. Inactivation of SV40 with for- 
maldehyde followed a biphasic curve with a 
levelling off after about 40 hours a t  37°C 
leaving a residual fraction of virus which was 
resistant to further inactivation for the re- 
mainder of the 14-day Observation period. 
Viable SV40 was detected in some lots of for- 
mlinized poliomyelitis and adenovirus vac- 
cines. 
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Plasma and Tissue Electrolytes of Rats Given Excess Sodium Chloride 
in Food." (26893) 

ARTHIJR S. HAIGHT AND JOHN M. WELLER 
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Elevated blood pressure and changes in 
electrolytes have been reported in rats given 
increased quantities of sodium chloride ( 1 ) .  
The present study further characterizes the 
distribution af sodium, potassium, and water 
in plasma and tissues of rats ingesting ex- 
cess sodium chloride. 

*This work was supported in part by grants from 
Michigan Heart Assn. and American Heart Assn. 

Methods and materials. Sodium chloride 
was administered as 2.8, 5.6 and 8.4% of a 
synthetic diet(2) to 3 respective groups to- 
taling 35 rats. Rats were Sprague-Dawley 
strain males, each weighing 160 to 235 g at 
onset of the experiment. Tap water was pro- 
vided ud libitum. Blood pressures were de- 
termined by the tail-cuff method(3) under 
light ether anesthesia and body weights re- 




