
CELL-BLOCKADE IN CANINE DISTEMPER 117 

serums effected a retarding of tumor develop- 
ment to a rate below that observed with the 
agent in saline solution, and ultimately a 
smaller number of tumors was produced. 

Conclusions. The milk factor of mammary 
mouse carcinoma is highly antigenic and 
stimulates the formation of antibodies in 
both rabbits and rats. The mouse cancer 
antiserum neutralizes and renders inactive 

mouse cancer centrifugates. Equally effective 
antiserums are prepared from spontaneous 
and from transplant tumors. Normal rabbit 
and rat serums have a slight effect in in- 
activating the mouse cancer virus. The find- 
ing that antiserum against normal mouse tis- 
sue does not have any neutralizing or adverse 
effect on the milk agent indicates that the 
agent is a virus of exogenous origin. 
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The interference phenomenon of animal 
viruses was first observed by Hoskinsl and 
by Magrassi2 independently. Magrassi ob- 
served an interference between nonen- 
cephalitic and encephalitic herpes viruses in 
rabbits, and Hoskins reported an interference 
between neurotropic and pantropic yellow 
fever viruses in monkeys. Subsequent in- 
vestigations by Findlay and h!lacCallumj' 
Dalldorf ,4 Jungeblut and  sander^,^ Ziegler, 
Lavin and Horsfall," the Henles,T and others 
have shown that the cell-blockade, or inter- 
ference phenomenon, can occur in many ani- 
mal viruses under experimental conditions. 

We have conducted experimental studies 
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of simultaneous infections of young foxes with 
virulent distemper virus and a distemper 
virus modified by ferret passage, and found 
that the phenomenon of interference, or cell- 
blockade, can be demonstrated for these 
viruses. Foxes inoculated intranasally with 
virulent distemper virus can be protected from 
fatal infection by subsequent inoculation of 
the ferret-passage distemper virus, which is 
of low virulence for foxes and dogs. In  foxes 
injected intramuscularly with the virulent 

' distemper virus, the course of the infection is 
also blocked by the introduction of the modi- 
fied virus either 3 days before, or a t  the 
same time that, the virulent distemper virus 
is given. However, if the interval elapsing 
between the intramuscular injection of the 
virulent virus and the subsequent inoculation 
of distemperoid virus is as long as 3 days, 
there is very little interference with the course 
of the virulent infection. 

The animals in- 
oculated were red fox pups 10 to 16 weeks 
old. In  any one experiment the foxes were 
very nearly the same age. The virulent dis- 
temper virus was of dog origin, and had been 
passed experimentally through foxes until 
it acquired an extremely high virulence for 
that animal. The ferret-passage virus was 
the distemperoid virus described by Green! 

Materials and Methods. 

~~ 

8 Green, H. G., A m .  J. Hyg., 1945, 41, 7. 
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TABLE I. 
Interference in  Foxes bct ivc~n T-irulent, Distenipcr Virus Lnoculatcd intranasally and I)istem- 

peroid Virus Inocuhted Intramuscularly. 
(Exp. 1.) 

Group 2-a 
10 foxes Group 3-a Group 4-a 

Group 1 a inj. simultane- 10 foxes 9 fosest  
1 0  foxcs uusly with v i m -  iiij. with dis- inj. with dis- 

inj. with viru- lent distemper temperoid virus tempcroid virus 
DRTS af te r  1 r n t di  s t an1) e r yirus and 3 days after 18 days af te r  

injection of virus distemperoid virulent dis- yirulent dis- 
di stem per (Controls) virus: temper virus: temper virus: 

virus Sick Dentlis Sick Sick Sick 

16 
1; 
18 
19 
20 
2 1  

2:; 
2 1  
'> 3 
26 
6) 7 
28 
"9 
30 
3 1  
32 
33 
34 
35 
36 

0 6) -- 

- 

2/10 
2/10 
3/10 
2/10 
2/10 
3/10 
3/10 
5/10 
5/10 

1 5/10 
5/10 
2/10 

1 2/10 
1 L' .'I0 
1 2/10 
4 0/10 

1 
1 

2/10 
3/10 
2/10 
2/10 
2/10 
2/19 
2/10 
2/U! 
0/10 

1/9 
1/9 
2/9 
2/9 
4/9 
4/9 
419 
4/9 
3/9 
3/9 
3/9 
3/9 
1/9 
0/9 

i;- Thc dcnoniinator indicates the nuinbcr of foxes living, and the numcrator the number sick 
on any givcn day. 

t Onc fox in this group liad a broken leg and was killed. 
$ S o  deaths. 

The virulent virus was injected in a dosage 
of 100 mg and the distemperoid virus in a 
dosage of 200 mg. ,411 animals were observed 
daily for symptoms of distemper. When 
deaths occurred, the disease was identified by 
the presence of cytoplasmic inclusions in the 
epithelial cells of the bladder or the trachea. 

Interference following intranasal dnocula- 
tion with virulent virus. Forty red fox pups 
were divided into groups of 10. Group l-a, 
which received virulent distemper virus only, 
was inoculated intranasally. Animals in this 
group exhibited symptoms of distemper by 
the 16th day, and all died of distemper be- 
tween the 25th and 36th days. The other 3 
groups received the same virus intranasally but 
were given distemperoid virus in addition. 
Group 2-a received simultaneous inoculations 
of the two viruses. Two foxes showed symp- 
toms on the 16th day, and by the 23rd day 

5 showed niild signs of the disease. All ani- 
mals had recovered by the 31st day. Group 
3-a was given the distemperoid virus 3 days 
after injection of the virulent virus. Only 
2 animals in this group displayed symptoms, 
which were discernible on the 23rd day. Both 
were normal by the 31st day. Group 4-a 
was given distemperoid virus 1 2  days after 
receiving the virulent virus. Mild symptoms 
of distemper were shown by one animal in 
this group on the 19th day and by 4 animals 
on the 23rd day. All had recovered by the 
32nd day. Details regarding the occurrence 
of symptoms, deaths, and recoveries are 
shown in Table I. 

These results demonstrate a very decisive 
interference, or blocking effect, of distem- 
peroid virus on the course of a virulent dis- 
temper infection. They show also that a 

virulent infection corresponding to the natural 
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TABLE IT. 
Results of Intramuscular Iiioculations of Foxes n-it11 Virulcnt Distemper Virus aiicl Distem- 

yeroid T'irus. 
(Exp. 2) .  

G W U ~ I  3-11 Group 4-b 
Group 1-b Group 2-b 10 foscs 10 foxes 

inj. wit11 viru- in,j. with dis- oilsly with viru- tempcroid virus 
10 foscs 10 foxes inj. simultane- inj. with dis- 

Days after lent distcmper tvmperoid Tinis lcnt disteinpcr 3 days aftcr 
inj .  of viru- virus 3 days before virus mid dis- virulent dis- 
lent distem- (Controls) virulent dis- tenipc.roid virus tcmper virus 

per virus Sick Deaths temper virus Sick De:itlir Sick Deaths 

13 
13 
14 
15 
l(i 
17  
18 
19 
20 
31 
22 
23 
24 
55 
26 
<I 7 
28 
29 
30 

- 

1 

1 
1 

1 

1/10 
all 1 

2 
3 
!! 

2;10 2 
2/10 
2/10 
1/10 1 

0 
0 
0 
0 
0 
0 
0 
0 
0 

9 1  

7 7  

7 9  

disease can be blocked off if distemperoid 
virus is injected during the incubation period 
or in the early stage of the generalized infec- 
t ion. 

Interference following intramuscular in- 
jection of virulent virus. In  our second ex- 
periment 40 young foxes, in groups of 10, 
were injected intramuscularly with virulent 
distemper virus. All 4 groups received the 
virulent distemper virus at  the same time, 
and 3 of the groups were subsequently given 
intramuscular injections of distemperoid virus 
a t  varying intervals. 

Group 1-b was injected with virulent dis- 
temper virus only. On the 13th day after 
the inoculations, the animals began to show 
symptoms. By the 17th day all the animals 
were sick, and at  the end of 30 days all had 
died of typical distemper. Group 2-b re- 
ceived distemperoid virus 3 days before the 
inoculation of virulent distemper virus. These 
animals remained well, showing no symptoms 
whatsoever of distemper. Gr.oup 3-b was 
inoculated with virulent distemper virus and 
distemperoid virus simultaneously. Two ani- 
mals exhibited symptoms on the 18th day 

after inoculation. One of them died on the 
21st day, while the other recovered. The 
rest of the foxes in this group showed no 
symptoms of distemper. Group 4-b received 
distemperoid virus 3 days after the virulent 
distemper virus. All the animals showed 
symptoms by the 14th day, and all died of 
typical distemper by the 18th day. Details 
of the occurrence of symptoms, deaths, and 
recoveries are shown in Table 11. 

In the third experiment 40 young foxes 
were also used in groups of 10. The control 
group received only virulent distemper virus. 
The other 3 groups were inoculated intra- 
muscularly, first with virulent distemper 
virus and then with distemperoid virus, which 
was given to the respective groups 3, 8, and 
1 2  days later. 

Group l-c, the controls, began to show 
symptoms on the 14th day after the injection 
of virulent virus. All the animals ,died of 
distemper by the 29th day. Group 2-c, which 
received the distemperoid virus 3 days after 
the virulent virus, began to exhibit symp- 
toms of distemper on the 12th day. By the 
36th day 8 animals had died and 2 had re- 
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TABLE m. 

( E s p  3.) 

Rtasultu of I1itr;l niusc.ul;ir 1nocul:it ions of Fmrs  with Virulent 1)istmipcr Tirus and Distem- 
1 i tar o i (1 Virus. 

Groui) 2-c Gl~OUl’  3-c Group 4-c 
G1.0111’ 1-c 10 foxes 10 foxes 9 foxes” 
10 foscs  inj. with dis- in j .  with dis- inj. with dis- 

inj. with viru- t.vnipcraid virus t cinprmjd I-irus trlnperoid virus 
lent disteniper 3 d a y  nftcr 8 dnys af te r  1 2  days after 

Days after vi r 11s virulent dis - vi rulcn t dis- virulent dis- 
inj. of clis- ( C o n t ~ o l s )  teinpcr virus  t ~ m p e r  yirus temper virus 

temper virus Sick Deaths Sick Dcntlis Sick Deaths Sick Deaths 

13 
13 
14 
1 5 
1 G  
1i 
18 
19 
20 
“1 

3G 

Tota l  S o .  deaths 

1 

2 

1 

1 

1 
1 

1 
1 

- 
9 

1 
1 

2 
1 
2 

1 
1 

- 
9 

* Oiic fox in this group hail a broken leg and w m  killed. 

covered. Group 3-c received the distemperoid 
virus 8 days after the virulent virus. Symp- 
toms first appeared on the 14th day. Nine 
animals were dead by  the 31st day, and 1 
had recovered. Group 4-c, inoculated with 
the disternperoid virus 1 2  days after the 
inoculation of virulent virus, began to show 
symptoms on the 12th day. -411 animals in 
this group were dead by the 24th day. De- 
tails of the symptoms, deaths, and recoveries 
are shown in Table 111. 

The first experiment on the intramuscular 
injection of virulent virus demonstrated that 
the distemperoid virus completely protected 
foxes when it  was inoculated before the 
virulent distemper virus and gave almost 
complete protection when the inoculations 
were simultaneous. Both of the experiments 
on intrainiiscular injections included a group 
inoculated with distemperoid virus 3 days 
after the virulent virus was given. In  both 

cases the controls died within approximately 
the same length of time. Some differences 
were observed in the 3-day groups. I n  Experi- 
ment 2 all the animals died but in Experiment 
3 only 8 of 10 animals died. The  recovery of 
2 animals appeared due to protection, since 
foses seldom recover once they have exhibited 
symptoms of virulent distemper. I n  the 
second intramuscular experiment little or no 
protection was apparent in the 8-day group 
and no protection in the 12-day group. A 
comparison of the results obtained from in- 
tranasal and intramuscular inoculations of 
virulent distemper virus is shown in Table IV. 

Discussion. Our results seem to show that 
when the virulent distemper virus is inoculated 
intranasally, an injection of the modified virus 
given a t  the same time or 3 to 12 days later, 
so interferes with, or blocks off, the virulent 
infection that severe symptoms do not de- 
velop and recovery is rapid and complete. 
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TXHLG IV. 

tittcrfct*cncc Experiments.” 
~‘,111ipris)i i  of 1ntr:irnusculnr niid Intrnnasal Iuocul itions o f  14’osr.s with Yirulent Diutcniper Virus in 

40 foses in j. 40 foxes inj. 
in t rainuscularly i n t  I*RIIIUSC. in t r a m  sail?. 

h i  oc u 1 a t‘ 7 ,r--- 7 I\ 
so. s o .  No. so. s o .  so. s o .  s o .  KO. 

it1jc.ctt.d sick dcad injccted sick dead injected sick (lead 

40 foscs inj. 

Vi ru1c.n t (list enipc~r vi rus only 10 10 10 10 l o  10 10 10  10 
Llistcnipcroid virus 3 days before dis- 

tcniper virus 10 0 0 
I)istc*rnlwroid virus and disteinpcr 

virus siiiiultaiieouulp l(1 2 1 10 5 0 
J)idcwiperoid virus 3 dnys aftcr dis- 

tcmper virus 1u 10 1 0  10  1 0  8 10 2 0 
L)i,stc~ntpet~oicl virus 8 days aftcr dis- 

tcvnper virus 10 10 9 
1)istenq)eroicl virus 12 clays a f t w  (1;s- 

t tmiwr yirus 9 t  9 0 9t 4 0 

+‘ All distcinpciroid virus injected intramuscularly. 
t Onc fox had :I broken lcg and W I S  killed. 

The results obtained in the case of i n t ~  
i n  L ~ S C U ~ W  inoculation of the virulent virus are 
similar, provided the modified virus is given 
before, or even at  the same time as, the 
virulent virus. A striking difference, how- 
ever, is observed in the number of recoveries 
of treated foxes when the modified virus is 
?hen after intramuscular injection of virulent 
virus. I n  this case, little or no interference 
follows the injection of the modified virus. 

I t  appears that protection occurred when 
the modified virus was given an opportunity 
to reach tissue cells ahead of the virulent 
virus. On the other hand, if the virulent 
virus was able to invade a majority of sus- 
ceptible cells before the modified virus, no 
protection occurred. In  the intramuscular 
inoculations the virulent virus, when given 
first, seems to have immediately entered the 
blood stream as free virus and to have been 
distributed rapidly to large numbers of tissue 
cells. However, in the intranasal inoculations, 
the virulent virus appears to have invaded 
the animal body slowly, perhaps principally 
through neighmboring tissue cells. At least, it 
did not seem to{have become free virus in 
the blood stream and to have invaded large 
numbers of tissue cells ahead of the later- 
injected modified virus. The mechanism ap- 
pears to be a reciprocal cell-block. Either 

the modified virus will be blocked by the 
virulent virus, if the virulent virus has already 
invaded the susceptible cells; or the modified 
virus, if it gets to the tissue cells first, will 
block the effect of the virulent virus on those 
cells. ,411 our experimental results point to 
a mechanism of cell-blockade rather than to 
interference by one virus directly with the 
other. 

S U W Z W Z Q ~ ~ .  A modified ferret-passage dis- 
temper virus exhibits an interference, or cell- 
blockade, phenomenon with respect to a 
virulent distemper virus in foxes. If the 
virulent virus is inoculated intranasally, as 
occurs in a natural infection, interference oc- 
curs when the modified virus is inoculated 
at  the same time as, or after, the virulent 
virus. If the virulent virus is inoculated 
intramuscularly, the virulent infection can be 
blocked off by the modified virus only if the 
modified virus is given before, or a t  the same 
time as, the virulent virus. After an intra- 
muscular injection of a virulent virus, any 
effect of the modified virus is in turn blocked 
off. The results appear to be determined by 
the virus that seeds the most tissue cells first. 
In  the case of intranasal inoculation, the dis- 
temperoid virus seems to have a definite 
therapeutic effect during the incubation period 
and in the stage of early symptoms. 


