
Bacteriological and virological studies 
were performed on two of these animals. 
Cultures of liver, spleen, brain, and 
blood were negative. Stained blood films 
were negative for blood protozoa. 

An agent pathogenic for mice was 
repeatedly isolated from the lung and 
spleen of both of these pigs and from 
one of the brains. It was recovered from 
the brain, lung, and spleen of inocu­
lated mice and passaged serially by the 
intracerebral, intraperitoneal, and in­
tranasal routes. On initial passage in 2-
and 21-day-old mice the average incuba­
tion period was 48 hours and 5 days, 
respectively. In later passages the in­
cubation period in young adult mice 
was shortened. Usually adult mice pre­
sented flaccid posterior paralysis fol­
lowed by coma and death, although 
some acute deaths with no paralysis 
occurred. Brains from moribund mice 
contained 106 to 10s mouse LD.>o doses. 
The virus was pathogenic for young 
hamsters and guinea pigs. It was reiso-
lated and passaged in cell cultures of 
rhesus monkey kidney, hamster kidney, 
and HeLa cells. An agglutinin for sheep 
erythrocytes was demonstrated in in­
fected mouse-brain tissue and in ham­
ster-kidney culture fluid. 

The agent was identified by neutrali­
zation tests in mice and tissue culture 
with a hyperimmune rabbit antiserum 
prepared against the American Type 
Culture prototype strain of encephalo-
myocarditis virus (7). The identification 
was confirmed at the Walter Reed Army 
Institute of Research (2). Viruses of the 
encephalomyocarditis group have never 
previously been isolated or studied in 
our Panama laboratories. 

A pig, exhibiting fever, listlessness, 
and anorexia over a 48-hour period, 
developed a significant rise in neutraliz­
ing antibodies to the isolate. Neutraliz­
ing antibodies were found in the sera of 
rats (Rattus rattus) trapped on the farm 
in April 1959. Preliminary studies failed 
to demonstrate antibodies in the sera of 
ten men in contact with the swine at the 
time of the outbreak. 

The disease was successfully repro­
duced by inoculation of two young pigs 
with the mouse-passaged virus. One pig 
was inoculated intercerebrally, the other, 
intraperitoneally. In both animals vire-
mia was demonstrated on the 2nd day, 
and signs of disease appeared on the 
3rd day. The pig inoculated intracere-
brally developed progressive paralysis; it 
was bled and sacrificed on the 11 th day. 
The neutralizing index of this serum was 
60. Virus was not recovered from the 
organs tested. Severe myocarditis and 
moderate encephalitis were demon­
strated histologically. The pig inoculated 
intraperitoneally became inappetent and 
listless and died on the 4th day after 

inoculation. The virus was recovered 
from the lung and pooled liver-spleen 
specimens. Histologically severe myo­
carditis was found. The brain was not 
examined. The virus strains from both 
animals were reidentified. 

To our knowledge, this report des­
cribes for the first time the natural in­
fection of swine with the encephalo­
myocarditis virus and the most exten­
sive outbreak of encephalomyocarditis 
infection in man or animals in which the 
virus was recovered. The outstanding 
lesion in these naturally infected ani­
mals was severe myocarditis. The evi­
dence presented suggests that myocar­
dial failure was the primary cause of 
death. Contamination of food and water 
with the excreta of infected rodents and 
swine possibly contributed to the spread 
of the virus in this outbreak. 
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Transport of Strontium-90 

in Runoff 

Abstract. Only a small portion of the 
strontium-90 that fell on cultivated soils 
was removed in runoff. The concentration 
of strontium-90 was usually about 10 
times higher in the soil carried by the 
runoff than in the soil from the plow 
layer of the plots. Thus, a considerable 
concentration of Sr90 could occur in areas 
where runoff sediments accumulate. 

Strontium-90 is deposited on soil 
surfaces chiefly through rainfall ( / ) . 
Thus it would seem to be especially 
likely to move in surface runoff. The 
extent of this movement was measured 
on plots which had previously been 
established for the study of soil losses 
by rainfall erosion. 

Table 1. Strontium-90 in fallout and runoff 
from corn, oats, and clover plots at La 
Crosse, Wis., in 1957. 

Strontium-90 Oujuc/ft2) 

Period 

3/13-5/14 
5/14-5/25 
5/25-6/5 
6 /5 -6 /15 
6/15-7/3 
7/3 -7/16 
7/16-7/21 
7/21-8/18 

Total 

Fall­
out 

83 
39 
30 
12 
20 
23 
12 
38 

257 

Runoff from plot 

Corn 

1.1 
0.8 
8.6 
0.2 
0.1 
0.1 
0.4 
0.2 

11.5 

Oats 

0.8 
0.6 
8.3 
0.2 
0.3 
0.2 
0.1 

None 

10.5 

Clover 

None 
None 
0.4 
0.1 
0.2 
0.1 
0.1 

None 

0.9 

Samples of runoff and rainfall were 
collected in 1957 at La Crosse, Wis., 
and Tifton, Ga. (2). The La Crosse 
plots are on Fayette silt loam with a 
16-percent slope and are planted to 
corn, oats, and clover in rotation. The 
Tifton plots are on Tifton loamy sand 
with a 3-percent slope and are planted 
to corn, peanuts, and oats in rotation. 
One plot was sampled for each crop. 
The length of the plots was 72.5 ft at 
La Crosse and 83 ft at Tifton. 

Rainfall and runoff samples were 
collected after each major runoff. The 
fallout of Sr90 was collected by taking 
rainfall samples in washtubs 3 ft in 
diameter, which were left in the open 
near the plot areas at all times. A few 
quarts of dilute S r ( N 0 3 ) 2 solution were 
kept in the tub to aid in dust retention 
and to act as a carrier. At La Crosse, 
the runoff was stirred and an aliquot 
was taken for analysis. At Tifton, the 
sediment was dried and mixed, and a 
sample was taken for analysis. The 
supernatant was discarded at Tifton 
because it had a negligible calcium 
content (3)—a finding which indicated 
that the supernatant would also contain 
negligible amounts of Sr90 since stron­
tium is adsorbed on soils more readily 
than calcium (4). 

The Sr90 content of the samples was 
determined at Beltsville, Md. The run­
off samples were dried, and 0.1 mole of 
S r (NO s ) 2 was added as carrier. Stron­
tium-90 was extracted by overnight 
digestion with hot 4N HC1, filtration, 
and leaching with IN HC1. Interfering 
radioactive elements were removed by 
scavenging precipitations; Y ( O H ) 3 was 
formed in the first of these precipita­
tions, BaCrOi in the next two and 
Y(OH)3 in the last. Strontium-90 was 
determined by separation and by fol­
lowing the decay of its yttrium-90 
daughter. Rainfall samples were dried 
and analyzed by the same procedure, 
except that no further S r (NO s ) 2 was 
added and the samples were only 
slightly acidified with HCL 
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The rainfall was a little higher than 
average during the collection period at 
both locations. However, it was evenly 
distributed throughout the period, and 
there were few severe storms at  critical 
cover periods. For these reasons, soil 
losses were lower than average. At 
La Crosse, something over 1 ton/acre 
w7as lost on the corn and oats plots and 
only 0.03 ton/acre on the clover plot. 
At Tifton, the soil losses were 0.3 
tonlacre in plots planted to oats, 0.6 
ton/acre in those planted to corn, and 
0.7 ton/acre in those planted to peanuts. 

The average fallout between runoff 
collections was 32 ppc of Srm per 
square foot at La Crosse and 20 
at Tifton. Usually about 1 percent of 
the fallout appeared in the runoff 
(Tables 1 and 2).  The most notable 
exception was a runoff at La Crosse on 
5 June. during which more than 8 ppc 
of Sr9O per square foot, or more than 
25 percent of the fallout, was carried 
off the plots of corn and oats. Stron- 
tium-90 radioactivity is given as of the 
date of each sample collection. 

Only a small percentage of the Sr90 
that fell on these soils was removed in 
runoff. The percentage removed was 
greater on plots with greater amounts 
of soil loss. Thus, the transport of SrqO 
would probably increase with more 
erosive soils, steeper slopes, and culti- 
vation systems which leave bare soiI 
exposed for long periods. However, 
these conditions are at a minin~um in 
nlost agricultural areas, and the Sreo 
content of such soils will not be reduced 
appreciably by erosion. 

Soil samples taken from the plow 
Layer showed 45 ppc of SreO per kilo- 
gram of soil at La Crosse on 11 April, 
and 16 ppc at  Tifton on 11 March, 
1957. The concentrations of Srm were 
about ten times as high as these in the 
soil carried by the runoff from most 
of these plots. However, soil in the runoff 
from the clover plot at La Crosse, which 

Table 2. Strontium-90 in fallout and runoff 
from corn. oats, and peanut plots at Tlfton, 
Ga., in 1957. 

Strontium-90 ( , u p ~  'ft2) 
-- 

Period Fall- 
out 

- 
3 / I  1-3 125 10 
3 125-4 /6 12 
4 16-6 /4 27 
6/4-711 26 
7/1-718 30 
7 18-7 128 25 
7 /28-8 120 10 
8 /20- 1 0 /2 27 
1012-12/2 13 

Total 180 

Runoff from plot 
-- 

Corn Oats Peanuts 

had the least arnount of soil loss, 
showed 1300 ppc of Srw per kilogram. 
Thus it appears that a considerable 
concentration of SrP0 can occur in the 
limited areas where runoff sediments 
accumulate. 

RONALD G. MENZEL 
Agricziltziral Research Service, 
U.S. Deparrnzetzt of Agrricultwre, 
Beltsville, Mary land 
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Separation of Serum Antibody 
Activities by Anion-Exchange 
Cellulose Chromatography 

Abstrnct. Mumps, Histoplasrna capsn- 
lafurn. thyroglobulin. and typhoid H 
antibodies were found in fraction I, which 
contained only garnma globulins with 
ultracentrifugal sedimentation coefficients 
of 6.6 Svedberg units (S). Typhoid 0 
antibodies and rheumatoid factor were 
only in fraction 5, composed principally 
of gamma macroglobulins with ultracen- 
trifugal sedimentation coefficients of 18 S. 
In contrast isohen~agglutinins, Rh anti- 
bodies, and anti-human liver nucleopro- 
tein activities were found in two chro- 
matogram fractions (1 and 5 )  with dif- 
ferent physicochemical properties. 

The gamma globulins in normal 
human serum are composed of two 
major groups of proteins. Ninety to 
95 percent of the total gamma globu- 
lins have ultracentrifugal sedimentation 
coefficients of 6.6 S and 5 to 10 per- 
cent are 18-S gamma macroglobulins. 
The 6 . 6 4  gamma globulins are known 
also to be a heterogeneous group of 
protein molecules with differing elec- 
trophoretic mobility and hexose con- 
tent (I) .  Anion-exchange cellulose 
chromatographic techniques have been 
used to separate the 18-S gamma 
n~acroglobulins from most of the 6.6-S 
gamma globulins and also to subdivide 
the 6.6-S gamma globulins into four 
arbitrary fractions with distinctive 
physicochemical properties ( I  ) . 

In view of this physicochemical evi- 
dence of gamma globulin heterogeneity 
and of the capacity of anion-exchange 
cellulose chromatography to fractionate 
the gamma globulins, a study of the 
distribution of normal and abnormal 

physiologic activities anlong the chro- 
matographic gamma globulin fractions 
was undertaken. 

Sera containing antibodies to viral 
and bacterial antigens and antibody- 
like activity against hunian tissue or 
serum components were collected. Two 
or more sera were utilized for each 
activity tested except in the case of 
mumps, histoplasmosis, and rheumatoid 
arthritis sera (2).  

Fractionation by zone (polyvinyl 
block) electrophoresis (I)  of sera from 
each category except rheumatoid arth- 
ritis was performed. The activities in 
each instance were found among the 
gamma globulins. The gamma glob- 
ulin fractions were then pooled, con- 
centrated by ultrafiltration and chroma- 
tographed as described below. 

Each whole serum (1.0 ml) and elec- 
trophoretically prepared gamma glob- 
ulin (from 1.0 ml of scra) was 
chromatographed as described in detail 
elsewhere ( I )  on diethylaminoethyl 
(DEAE) cellulose (3)  columns. Sam- 
ples and columns were equilibrated 
with a starting buffer of 0.02M phos- 
phate (pH 8 )  prior to sample applica- 
tion. Proteins were eluted from the 
column in 150 ml of effluent by a 
progressively increasing ionic strength 
gradient while p H  8 was maintained, 
and the protein distribution in the ef- 
fluent fractions was determined by 
measurement of the optical density at 
280 mp. Subsequently the eAluent was 
divided into 10 or more pools and, if 
necessary, the pools were concentrated 
to 1.0 ml by ultrafiltration and dialyzed 
thoroughly against pH 7.6 buffered 
saline prior to assay. 

The distribution of the gamma glob- 
ulins on chromatography of whole 
serum is illustrated in Fig. 1 (upper 
left corner). The distribution of elec- 
trophoretically prepared gamma glob- 
ulin when chromatographed separately 
is the same. The physicochemical and 
immunochemical characteristics of 
gamma globulin fractions 1 to 5 have 
been described ( I ) .  Fraction 1 is the 
first protein peak and is obtained be- 
tween 5 and 15 percent of the ef- 
fluent volume. Fraction 2 is obtained 
between 15 and 25 percent, fraction 3 
includes 25 to 45 percent, fraction 4 
ranges from 45 to 58 percent, and 
fraction 5 from 58 to 80 percent. 

The distribution of antibody activi- 
ties after gamma globulin or whole ser- 
um chromatography is illustrated in 
Fig. 1. Antibodies to mumps virus and 
to Histoplasrna capsulatum were found 
in fraction 1 which is composed of 
6.6-S gamma globulins. Antibodies to 
thyroglobulin in the first three sera 
tested (4, 5) were also found in this 
fraction. 
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