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Disease in Macacus Monkeys Inoculated with ECHO Viruses.” ( Z O O S )  

JOHN H. ARNOLD\ AND JOHN F. ENDERS 
Reseavch Division of Infectious Diseases, Children’s Medical Center, Boston 

Several ECHO viruses have been implicated 
as causative agents of neurologic disease in 
man 1( 1 ) . Paralysis has occurred in individ- 
ual patients infected with some of these vi- 
ruses(2,3>4,5). The recent reports of Steig- 
man(6) ,  Dalldorf(7) and of Habel and Loo- 
mis( 8)  leave no doubt that paralysis and neu- 
ronal damage can be induced in monkeys ex- 
perirnentally infected with Coxsackie viruses 
representative of both A and B groups. These 
investigators observed microscopic changes in 
the central nervous system of inoculated ani- 
mals which were indistinguishable from those 
caused by poliovirus. Wenner and Chin(9) 
in monkeys used for preparation of antiserum 
against ECHO prototype strains described de- 
generative changes in neurons after the ani- 
mals had received several injections of virus 
and mineral oil adjuvant. Our experiments 
were undertaken to determine whether 2 types 
of ECHO virus could produce disease of the 
central nervous system in monkeys. 

Materials and methods. Tissue cultures. 
Cultures were prepared according to previ- 
ously described technics( 10 , l l )  . Cultures of 
human amnion cells were used in attempts to 
demonstrate virus in materials derived from 
inoculated monkeys and in neutralization tests 

* This investigation was supported in part by grant 
from Nat. Found. for Infantile Paralysis. 

t Slupported by felIowship Srom Commonwealth 
Fund, Present address: Univ. of North Carolina 
School of Med., Chapel Hill. 
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with their serum. The viruses employed were 
ECHO Type 6, strain SHO(2) and ECHO 
Type 16, strain HAR ( 2 ) .  Clinical manifes- 
tations in patients infected with these 2 strains 
have been described lby Kibrick et al. ( 2 ) .  The 
strains were recovered in tissue culture from 
fecal specimens. The type 6 strain was iso- 
lated in human kidney cells and subsequently 
passed once in this medium and twice in hu- 
man amnion cells, The fluid from the last of 
these passages had an infectivity titer of 
10-6-’t/0.1 ml in amnion cells and was used as 
inoculum in the experiments to be described. 
The type 16 strain was recovered in human 
kidney cells, passed twice in human ernbry- 
onic skin and muscle tissue, and twice in 
human amnion cells. The fluid from the last 
of these passages had an infectivity titer of 
10-3.5/0.1 ml in cultures of human amnion 
cells, and was used as inoculum. Monkeys. 
Seven rhesus and 3 cynomolgus monkeys were 
studied. Before each was injected, specimens 
of blood for antibody determination, heparin- 
ized blood for viral culture, and peripheral 
blood for white blood cell counts were ob- 
tained. Then a #22 gauge hypodermic needle 
was introduced into the basal cistern, and 
about 1-2 ml of cerebrospinal fluid was with- 
drawn for white cell count and for viral cul- 
ture. Eight of the monkeys were inoculated 
with 0.5 ml of undiluted tissue culture fluid 
containing the virus which was intro(duced 
into the basal cistern. In half of the animals 
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0.1 ml of the fluid was also injected intra- 
spinously into the lumbar enlargement. Two 
animals serving as controls were inoculated 
with infected tissue culture fluid that had been 
heated a t  65°C for hour. No active virus 
was demonstrated in these fluids upon subse- 
quent addition to cultures of human amnion 
cells. To one control animal 0.5 ml of heated 
H’HO 16 virus was administered intrathe- 
cally and 0.1 ml intraspinously; to the other 
0.5 ml of heated ECHO 6 virus was given in- 
trathecally. Specimens of blood and spinal 
fluid for leucocyte counts and for detection 
of virus, and samples of feces for detection of 
virus were obtained every other day during 
the first week and every third day thereafter 
until termination of experiment. The animals 
were examined daily for muscle weakness or 
paralysis. At intervals varying from 6-2 1 
days after injection, the animals were sacri- 
ficed. The brains and spinal cords were im- 
mediately removed ; portions were preserved 
in the CO, cabinet to test later for presence 
of virus. The remainder of each tissue was 
TABLE I. Results of Tests for  Presence of ECHO 

Vi r 11 s , 

S o .  of animals* 
llnp after Source of Type 6 Type 16 

inj. sycciiiieri virus virus Contiwl 

* S u m e m t o r  1 KO. positive for virus. L)twonii- 
riator KO. tested. 

fixed in 10% formalin. Neutral izat ion tes ts .  
Following centrifugation serum was removed 
from the clotted blood and stored a t  -20°C 
until tested. Undiluted serum was inacti- 
vated at 56°C for one half hour, then a series 
of dilutions, increasing by a factor of 2 ,  was 
prepared. T o  each serum dilution was added 
an equal volume of suspension which con- 
tained virus in approximately 100 TCIDao, 
0.1 ml. The mixture was incubated a t  4°C 
for one hour, a t  which time 0.2 ml of the 
virus-serum mixture was added to each of 3 
tubes containing cultures of human amnion 
cells. Control tubes containing cultures in- 
oculated with a diluted suspension of virus 
only and uninoculated cultures were included 
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TART,E IT. Neutralizing Antibody Response t o  
Injected Virus. 

Before in j .  Af te r  inj .  
Virus Monkey Day Titer* Day Titer“ 

8 <2 
21 64 

8 32 
” 16 

21 2 
” 32 
” 16 
6 4  

19 11 

1 )  1 9  

* Rtvil)roc:il of filial serum dilution. 

in each test. The neutralization titer of a 
serum was determined as the reciprocal of that 
dilution which prevented the appearance of 
cytopathic effect for 14 days. 

Resul ts .  The results of tests for presence of 
virus in blood and spinal fluid are shown in 
Table I. From blood of the 4 animals injected 
with unheated type 6 virus the agent was re- 
covered on second day but not thereafter. The 
presence of virus was also detected in the 
cerebrospinal fluid in specimens obtained on 
the second and fourth days after inoculation. 
The agent was not demonstrated in bload of 
any of the 4 animals injected with active 
ECHO 16 virus although in all but one in- 
stance virus was recovered from the cerebro- 
spinal fluid. Virus was not detectable in 22 
blood specimens and 22 cerebrospinal fluid 
specimens collected between sixth and twenty- 
first days. No virus was detected in stools 
of any of the monkeys, nor in specimens of 
tissue taken at autopsy. 

That  infection occurred in these animals is 
also indicated by development of neutralizing 
antibodies to the injected type of virus. The 
undiluted serum from all animals obtained at 

TABLE 111. Muscular Weakness in Relation to 
Infection with ECHO Virus. 

Extremities 
involved rECHO virus7 

Leg Arm No.  animals T y p e 6  Type16 

-Noll(~- 2 7 1 
1 1 1 
2 1 1 

1 1 
3 2 1 

1 + 1  
2 + 1  
Total 8 4 4 
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time of injection failed to neutralize approxi- 
mately 100 of the homologous virus. A 
significant increase in homologous antibody 
occurred in all the monkeys injected with ac- 
tive type 6 virus (Table 11). A significant 
an tibody response also occurred in animals 
injected with active type 16 virus (Table 11). 

The incidence and location of muscular 
weakness are recorded in Table 111. Three of 
the animals injected with active ECHO 6 
and 3 of those injected with active ECHO 16 
developed definite signs of muscular weakness, 

FIG.  1. Lumbar cords; formalin fixation; 1% & E 
stain, X 400. 

A. Control monkey, 8 days. B. ECHO 6 monkey, 
8 days. C. ECHO 16 monkey, 6 days. 

with onset on the 4th, 5th or 6th day after 
injection. In 2 of these monkeys, each of 
which was injected with 1 type of virus, some 
improvement was observed on about the 8th 
day.$ 

Body temperature and leucocyte counts of 
peripheral blood did not show significant de- 
viation from normal. However, a pleocytosis 
occurred in the animals injected with active 
virus, which was demonstrable as early as 
the second day, and for as long as 2 1  days 
after injection (Table IV) . Since specimens 
of spinal fluid were occasionally contaminated 
with large numbers of erythrocytes, complete 
series of white cell counts on each animal 
cannot be presented. The cell count of the 
spinal fluid at its peak varied from 64 to 598 
cells/mm3. Variations of this order of mag- 
nitude were recorded in both groups af mon- 
keys inoculated respectively with the 2 types 
of ECHO virus. In the cerebrospinal fluid 
of the 2 animals that received heated tissue 

3 We are grateful to Dr. David Grice, formerly of 
Orthopedic Service, Children’s Medical Center, for 
indispensable aid in evaluating muscle weakness in 
these animals. 
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500-t599 1 1 
400-499 2 
300-399 2 
200-299 1 3 2  
100-199 2 2  
21- 99 1 1 1 1 1 1 0 2  

0- 20 8 1 : 3 2 2  

0 2 4 (i 7 s I n  15 21 
1);iy : if  t ( i t -  inocu1:t t ion 

Maxjiiial \I;KC! coillit in 2 voiitrol uioiiktly> I ( I -  

c ei viiig heat -i I I ac ti v:t t e c l  viruscs w:i s 2 O/ninr’. 

culture fluid, the highest count observed was 
20 cells/mm3. 

Microscopic examination of the spinal cords 
revealed no convincing evidence of neuronal 
damage. In sections from certain monkeys 
that received active virus, however, slight 
round cell infiltration of the meninges was ob- 
served in a few areas (Fig. 1 ) .O 

Discussion. Mild or moderate muscle 
weakness has been observed in human beings 
infected with ECHO types 2 ( 6 ) ,  4(4), 6 ( 2 ) .  
9 ( 5 ) ,  and 16(4)  virus. It is therefore of in- 
terest that in monkeys experimentally inocu- 
lated with ECHO 6 and 16 certain muscles 
were affected. The findings here reported also 
indicate that, just as in man, these 2 repre- 
sentative ECHO viruses are capable of pro- 
ducing in rhesus and cynomolgus monkeys a 

0 We are indebted to Doctors 11. E. Denny-Brown, 
Joseph M. Foley and John M. Craig for examinin): 
secticns of CNS tissues. 

mild meningitis characterized by the presence 
of virus in the spinal fluid and a predomi- 
iian tly inononuclear pleocytosis. 

Surnwnry. In monkeys injected intrathe- 
cally with ECHO virus 6 and 16, clinical 
signs of muscle weakness, pleocytosis of cere- 
brospinal fluid and development of homolo- 
gous neutralizing antibodies were observed. 
These reactions were not detected in 2 animals 
inoculated in comparable manner with sus- 
pensions of these viruses which had been 
heated a t  65°C for one half hour. 
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Lipemia-Induced Acceleration of Tntravascular C810tting.* (25001) 

HAROLD C. ROTH, ~YILLIAM KOSENTHAL A N D  EMANUEL E. MANDEL 
Depts. o f  Medicine, Chicago Medical School and M t .  Sinai Hospital  of Chicago 

Reports of changes in coagulability of 
blood associated with post-prandial lipemia 
have thus far been based on test tube methods 
( 1 ,Z) .  Lipemia following ingestion of cream, 
as well as intravenous infusion of cottonseed 

* This study was supported by grant from Chicago 
Heart .4ssn. 

oil emulsion were found by one of us to result 
in significant shortening of whole blood clot- 
ting time in siliconized tubes and of plasma 
clotting time with Russell’s Viper Venom( 3 )  - 
The question presented itself as to whether 
these in vitro findings reflected an increased 
tendency to clot formation in vivo. There- 
fore, a study was undertaken of the effects of 


