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ABSTRACT

Live Echo 6 virus was administered orally to six beagles previously 

shown by culture to be free of this agent. Some symptoms suggesting en 

teric disease were observed in most of the dogs. The virus was isolated 

from the stools of four and the blood of one, but no neutralizing antibodies 

could be demonstrated. Repeated intramuscular injection of live virus in 

six dogs produced titres as high as 1:512 and a four-fold or greater rise 

in all. No signs of illness were observed in those given parenteral injec 

tions.
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EXPERIMENTAL INFECTION 

OF BEAGLES .WITH ECHO VIRUS TYPE 6

by 

F. F. Pindak and W. E. Clapper

INTRODUCTION

In a previous report, the authors described the isolation ofcytopathic 

agents from rectal swabs in 21 of 29 healthy beagles . Antiserum pro 

duced against one of these agents in a guinea pig neutralized this virus 

and the prototype ECHO 6 virus to the same high titre. All but one of the 

other isolates were also neutralized by this antiserum. No reports have

been found on the isolation of human enteric viruses from dogs, except
2 3 

the reovirus isolated by Lou and Wenner . Gelfand reported that a few

sera from dogs neutralized ECHO 6 and certain other enteric viruses 

in dilutions up to 1:8. In the present study, antibodies to ECHO 6 virus 

were found to be absent or present only in very low titres in beagles. 

Therefore, it seemed desirable to determine whether ECHO 6 virus 

could cause an actual infection in the beagles or whether this was a 

transient inhabitant of the intestine which in no way affected the health 

of the animal. This paper reports the results of oral and parenteral 

administration of this virus. Infectivity was measured by clinical symp 

toms, virus isolation, and circulating antibody production.

METHODS 

1. Oral Administration of Virus

Live ECHO 6 virus was administered orally to six healthy dogs nine 

months of age. The virus had been grown in monkey kidney tissue cul 

tures and the infected fluid frozen in gelatin capsules. Three dogs were 

given 10 tissue culture doses, and three were given one-half of this



amount. Five hours before feeding the virus, 7 ml of blood were col 

lected from each dog for antibody determinations. Before selecting the
\j

six experimental animals, rectal swabs were taken from each of a lar 

ger number at weekly intervals for three weeks. The swabs were placed 

in a small amount of Hanks'basic salt solution (BSS) containing antibiotics 

and incubated at37 C for one hour. After centrifugation, the supernatant 

fluid was inoculated into monkey kidney tissue cultures. Only dogs which 

had all three cultures negative were used for the experiment.

Blood and fecal samples were taken daily for the first five days and 

on days 7 and 9. After this, four additional rectal swabs were taken at 

weekly intervals. On the 28th and 58th days, additional blood samples 

were collected for serological studies. In total, seven blood and 12 fecal 

specimens from each dog were cultured in monkey kidney tissue culture 

following the feeding of the virus.

All the dogs had been vaccinated against rabies, infectious canine 

hepatitis, distemper, and leptospirosis. This prevented themfrom having 

these diseases, some of the symptoms of which might have been mis 

takenly attributed to the feeding of the ECHO 6 virus, To prevent 

accidental contamination from the outside or from one another, the fol 

lowing precautions were taken. Each dog was kept in an outdoor 10 x 12 

foot wire enclosure which was 10 feet away from pens of other dogs. The 

floors consisted of 4 to 6 inches of crushed rock. Within each pen was 

a small wooden shelter, one dish for water and one for food. The 

approaches to and the space between the pens were also covered with 

crushed stone, and the entire installation was circled with a fence. Only 

authorized personnel had access to this compound. Entrance was made 

only to collect specimens and to feed and water the animals. The atten 

dant wore plastic covers over his shoes which were changed before en- 

tering the next pen.

2. Parenteral Administration of Virus

Upon completion of the feeding experiment, three of the beagles 

which had received the virus orally and three new animals were given



intramuscular injections of live ECHO 6 virus at 0, 26, 35, and 56 days. 

Tissue culture fluid containing 10 tissue culture doses was injected 

each time. Blood was drawn for antibody determinations at 0, 8, 14, 48, 

70, and 98 days. Antibody titres were determined by neutralization of 

100 tissue culture doses in monkey kidney tissue culture.

RESULTS

1. Oral Administration of the Virus 

a. Clinical Evaluation

First day after administration. The dogs had a generally healthy 

appearance. Number 6 did not eat his usual amount of food, but no other 

symptoms were observed.

Second day. Dog No. 1 had a loose stool with some fresh blood. 

Dogs 2, 3, and 5 appeared normal. Dog No. 6 was anorectic and its stool 

also had fresh blood.

Third day. The fecal sample of Dog No. 1 again contained blood, 

as did the sample of No. 6. The latter still refused to take food. No. 4 

ate very little and had a mucoid stool.

Fourth day. Dog No. 2, which thus far had been symptomless, 

had loose stools with some blood.

Fifth day. No. 1 had a diminished appetite and No. 5, to this 

point appearing normal, now showed blood in the stool.

Seventh day. The blood reappeared in the stool of No. 1 and 

was found for the first time in No. 3 which had, thus far, shown no other 

symptoms.

Ninth day. The dogs appeared in generally good condition. No. 

5, however, had a rather loose stool.

Fourteenth day. A mucoid stool was noted in Dog No. 2. Blood 

reappeared in the feces of No. 5, as observed again on the 21st day.



The events taking place after ingestion of the live virus can be sum 

marized as follows:

During the first 24 hours, little change was observed. Two days 

after the virus was administered, some definite effects were seen. 

They were manifested in refusal to take food, in the production of loose 

stools or diarrhea, and in some internal hemorrhaging which was most 

likely in the lower segment of the colon, since the blood had a rather 

fresh appearance. Thus, at this time, damage to the intestinal mucosa 

must have taken place. Some of these symptoms occurred in part of the 

group later and recurred in one dog 21 days after administration of the 

virus.

b. Isolation of Virus and Correlation with Symptoms

The virus was isolated from thefeces on the first day from Dogs 

No. 5 and No. 6. At this time all dogs appeared normal. No. 6 had a 

diminished appetite, which may or may not have been significant. On the 

second day, the virus was again found in the stool of Dog No. 6, which at 

this time was anorectic and had some blood in the feces. Dog No. 1 did 

not yield the virus, although blood was observed in the stool. ECHO 6 

virus was found in the blood of Dog No. 2, but no clinical symptoms were 

observed. This was the only positive blood culture obtained and, also, the 

only time that the virus was isolated from this dog. Dog No. 3 had acquired 

the habit of defecating in his water supply. For the first five days, he 

showed no adverse effect of the ingestion of the virus. However, if the 

agent was being passed in amounts too small to be detected by our method 

of testing, reinfection was most likely taking place. On the 7th day, this 

dog exhibited the same symptoms as the rest, and on the 35th day the virus 

was isolated from his stool sample. Dog No. 5, with a positive stool cul 

ture on the first day, yielded virus again on days 28 and 35. Dog No. 6 had 

positive stool cultures only the first two days after inoculation. These 

findings are presented in Table I.

c. Antibody Titres

Neutralization tests were carried out on sera collected just before
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feeding the virus and on the 28th and 58th days thereafter. No measurable 

amount of ECHO 6 antibody was detected.

2. Parenteral Administration of the Virus 

a. Clinical Observations

None of the six dogs given intramuscular injectionis of live virus 

showed signs of illness.

b. Antibody Titres

The results are summarized in Table II. Before giving the in 

jection, the serum neutralization titres were less than 1:4 in all six 

animals. Numbers 1, 2, and 3 were dogs to which a single dose of virus 

had been administered orally some months previously. Numbers 5, 6, and 

7 had no known previous contact with the virus. Eight days after the inocu 

lations, a four-fold or greater increase in titre was observed in all except 

No. 5. Titres increased eight-fold in two dogs (No. 2 and No. 3) that had 

had previous contact (oral) with the organism. No further increase in titre 

was seen at 14 days. However, 13 days after the second of two booster 

inoculations were given, titres were increased at least four-fold over the 

initial value in all six dogs and values of 1:128 or higher were found in 

three. The final (third) booster dose was given at 56 days. Fourteen days 

later, little increase was found in any of the dogs. Thirty-four days after 

this inoculation, no further changes were noted except in Dog No. 3 which 

now showed a titre of 1:512.

DISCUSSION

All of the animals were kept in isolation and observed closely for three 

weeks before beginning the experiment. At this time, none of the clinical 

findings observed after the oral administration of virus were seen. It 

seems apparent, therefore, that the virus did produce some degree of 

intestinal disturbance, although the extent of involvement could not be fully 

assessed. Furthermore, the virus inoculum inside the gut was diluted 

considerably from its initial concentration and yet the small portion of 

fecal contents actually inoculated into the tissue culture tubes was



Table II
Serum Neutralization Titres of Dogs 

Inoculated IM with ECHO Type 6 Virus

Dog
number 0

1 <4 «
/ •* 

2 \4 >'o

3 ^4 c

4 <4rt
2

5 \ 4 o
.3

6 <4£
r— 1

Reciprocal Titre on Days
8

8

16

16

8

4

8

14

8

16

16

8

4

8

26
co

•H

O

O•H
IS

1——1

0o.5
d

rO

35
CO 

fH
•H

0

§
•H

Id
r-H

O
O.a"g

c^

After First Dose
48

32

128

128

256

16

32

56

CO

•H

o
§

•H

3
0o.s
£•tf

70

32

128

256

256

16

64

90

32

128

512

256

16

64

Dogs 1, 2, and 3 previously had been given the virus orally.



sufficient to produce cell destruction. Therefore, it is highly probable 
that multiplication of the virus occurred in the intestine. This conclusion 
is further supported by the fact that, in at least three instances, isolations 
were made one month or later after the administration of the virus.

Two dogs were negative for the virus at all times tested. Perhaps if 
larger samples of fecal matter had been inoculated into tissue culture tubes, 
they, too, would have been found positive. It is also possible that multi 
plication of virus in the alimentary tract of these animals was too low for 
detection. One showed the same signs of illness as those from which virus 
was isolated and one had milder symptoms. They may also have been in 
fected.

The absence of antibodies after infection from oral doses was some 
what surprising, particularly since titrations were carried out at 28 and 59 
days, and adequate time for their formation. Lou and Wenner found no 
antibodies to reovirustype 1 in eight-week old puppies that were inoculated 
intranasally. They felt that, since the animals were sacrificed on the 13th 
day, sufficient time for antibody production may not have been allowed. 
However, appreciable titres were found in some monkeys and rabbits after 
a similar period of time. Neutralizing antibodies to reovirus were found 
in 43 of 126 normal dogs, but, of these, only four had titres of 1:64 or 
more. Gelfand found antibody titres up to 1:8 in a few of 158 dogs tested 
for ECHO 6 and found only low titres in some for other ECHO, Coxsackie, 
and polioviruses. These findings suggest the possibility that the dog does 
not produce antibodies in high titre against infections of the intestinal 
tract cause by enteroviruses. Antibodies may form in the lining of the 
gut and not be found in the circulating blood in intestinal disease.

Serum antibodies to ECHO 6 virus can be formed in dogs, however, if
the virus is introduced parenterally, as we have shown. Response to the

4initial dose was comparable to that reported by Melnick , who found chim 
panzees produce titres from 1:16 to 1:64 after a single inoculation of this 
virus.

Viruses apparently identical with those found in humans have been 
isolated from animals by other investigators. These include adenoviruses

8



from cattle * , ECHO 8 from pigs , reoviruses from calves * ' , 
dogs , and mice , influenza viruses from pigs and sheep . , and a 
poliovirus f rom a calf . Antibodies to human disease-producing viruses 
have also been found in animals. ECHO 6 virus antibodies were observed 
in a chimpanzee by Itoh and Melnick . Antibodies to poliovirus * , 

parainfluenza , reoviruses , and adenoviruses have been found in 
cattle. In dogs, Gelfand found neutralizing antibodies to poliovirus types
1 and 3, Coxsackie A-9 and B-2, and ECHO viruses types 6, 7, 8, 9, and

18
12 in low titres. Carmichael and Barnes found complement fixing anti 
bodies to adenovirus and Lou and Wenner , antibodies to reovirus type 1 in 
dogs. This is ample evidence that non-primates can carry and be infected 

with many of the viruses causing human disease and yet not necessarily 

show signs of illness.

The results, reported here and in a previous paper , and some ofthose 
quoted above, suggest that the dog may carry the ECHO 6 virus at least 

intermittently in the digestive tract. If the infective dose is great enough, 
clinical illness may be observed, but often symptoms may not accompany 
the carrier state. Antibodies were produced from intestinal infection with 
this virus either in such low titres that they were not detected or were not 
produced at all. However, they were found when the live virus was intro 

duced parenterally.

Humans may be the original source of infection of the dog with ECHO 

6 virus. Whatever the source, it is known that this animal can become in 
fected, can be a carrier, and, therefore, may be a source of further 
infection to humans.

It will be of interest to determine the effect of radioactive products on 
theinvasiveness of this and other viruses of a similar nature, particularly 
since radiation has been reported to increase the susceptibility of some 
animals to both bacteria and viruses * , The beagle might prove to be 
a highly useful experimental animal for the study of possible effects and 
control of viruses causing human disease in the host exposed to radioactive 

aerosols.
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