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Interference of one virus with the multiplication of another has been dem- 
onstrated between many  pairs of agents, antigenically related or unrelated, 
infectious or inactive (1). However, with other virus pairs there may  be no 
interference, thus indicating that  this is not  a universal phenomenon. The 
feasibility of using tissue culture technics for the demonstration of inter- 
ference was demonstrated first by  Andrewes, using pneumotropic and neuro- 
tropic strains of influenza A virus (2), and soon after by  Lennette and Ko- 
prowski (3) using a number of different viruses. In  tissue culture systems all 
susceptible cells are readily accessible to virus and can be infected at will. 
The development of tissue culture technics for the cultivation of poliomyelitis 
virus (4) has made such an in vitro host system available for investigating 
the phenomenon of interference between the poliomyelitis viruses. Observa- 
tions on the demonstration of reciprocal interference among the three types 
of poliomyelitis are reported. As control experiments possible interference 
between poliomyelitis and certain Coxsackie and "orphan"  viruses (5) was 
investigated. 

Materials and Methods 

Viruses.--Representative strains of the three types of poliomyelitis virus were selected 
for their pronounced cytopathogenicity in vitro. They have been described in earlier reports 
(6-9). The WS type virus was used in its 12th TC (tissue culture) passage, the Y-SK Type 2 
in its 16th, and the Leon Type 3 in its llth. Their respective titers in testicular cultures were 
10-+, 10 -s, and 10 -4 per 0.1 nil. of TC fluid. For the experiments with inactivated virus, the 
WS strain alone was enployed. It was transferred through 34 passages in monkey testicuiar 
roller-tube cultures and one additional passage was made in human embryonic skin-muscle 
cultures. The virus pool of this 35th passage material gave a TC titer of 10 -6 per 0.1 ml. in 
monkey testicular roller-tube cultures. 

The Coxsackie viruses used in these studies are also characterized by their ability to grow 
and produce cytopathogenic changes (fibroblastic degeneration) in monkey testicular cul- 
tures. Easton-ll and Easton-30 viruses had been isolated in tissue culture and identified as 
previously described (8). Harvests of the 9th TC fluid passage of Easton-tl, and of the 7th TC 
fluid p~_s~ge of Esston-30 viruses were used. Both virus harvests had a TC titer of 10-J per 

* Aided by a grant from The National Foundation for Infantile Paralysis, Inc. 
247 



248 INTERFERENCE BETWEEN POLIOMYELITIS VIRUSES 

0.1 ml. The Cairo-B strain had also been isolated in tissue culture, from rectal swabs collected 
in Egypt (10). The virus was used in its 7th TC passage, and had a TC titer of 10 -z. All three 
strains had been found to be related antigenically and were classified as members of Type A-9. 

In addition to the poliomyelitis and Coxsackie viruses which can be recovered from speci- 
mens collected from cases of suspected poliomyelitis, a number of viral agents have also been 
recovered for which no animal pathogenicity has been established. These agents, tentatively 
designated as "orphans" to emphasize our ignorance of their natural history, are characterized 
by their cytopathogenicity for cultures of primate tissues (5). In the interference experiments, 
4 antigenicaily distinct orphan viruses were tested: Grigg, Rende, Cornelis, and Farouk 
viruses had been isolated in monkey testicuiar cuitures from fecal specimens, and the 5th TC 
passage of each of the viruses was employed in the present experiments. Cornelis and Farouk 
viruses each had a TC titer of 10-~, and Grigg and Rende a titer of 10 -4. 

All viruses were held frozen at --20°C. until used. 
Inactivation of Poliomyelil& Virus.--1. Formalin: The WS strain was inactivated by 0.4 

per cent formalin at 0°C. according to the method described by Saik (11). Virus was used in 
these experiments after it had been treated with formalin for 6, 8, 12, and 15 days, and then 
dialyzed against buffered saline in the cold to remove the formalin. The 6 day treatment 
yielded active virus in monkey testicular cultures. The 8 and 12 day preparations had only 
traces of virus: they were negative in testicular cultures and negative upon intracebral inocula- 
tion of monkeys; however, monkey pathogenic virus could be recovered by inoculation of 
monkey kidney cultures. The 15 day treatment yielded non-infective virus by ail tests. 

2. High intensi~y dectron bombardmenl (capacitron): The WS virus was irradiated in the 
frozen and liquid states under atmospheres of helium, air, and oxygen. The conditions of 
inactivation were similar to those outlined by Dick et o2. (12). For these experiments viruses 
were treated with 2.0 to 2.8 × 106 R.z.P. under the direction of Dr. W. Huber, Electronized 
Chemic.ais Corporation, Brooklyn. 1 After this amount of bombardment, traces of infectious 
virus still remained in the preparations, the TCs0 titer being less than 10 °. 

3. Ultratqolet radiation experiments: 4 ml. of undiluted TC fluid harvested from the WS- 
infected cultures were placed in Petri dishes and exposed to ultraviolet light (Sylvania lamp, 
30 w. germicidal-B). The dishes were rocked 90 times a minute at a distance of 7 inches from 
the lamp. Samples were removed at the following seconds: 20, 30, 60, 180, 300, 500, 700, and 
900. The irradiated fluids exposed at these various times were inoculated into 12 culture tubes 
of monkey testicuiar tissue, and examined for fibroblastic degeneration at the end of 14 days. 
All the culture tubes inoculated with virus exposed for 30 seconds showed fibroblasfic degenera- 
tion. 5 of 12 tubes inoculated with virus exposed for 60 seconds exhibited degeneration, while 
none of the tubes which had received virus irradiated for 180 seconds or longer showed evidence 
of virus activity. 

Anlisera.--These were obtained from monkeys immunized against the 3 strains of poliomye- 
litis virus: Brunhilde, Y-SK, and Leon. A 20 per cent suspension of monkey cord was made, 
centrifuged at 2000 R.P.g. for 10 minutes, and the supernate mixed with adjuvant (13) in the 
following proportions: 2 ml. of arlacel, 8 ml. of bayol F, and 10 ml. of virus. Three weekly 
injections of 2 mi. of the mixture were given intramuscularly. The monkeys were bled 30 days 
after the last injection. The antisera were frozen at -- 20°C. 

T/ssue Cu/turea.--The technic of preparing roller-tube cultures such as used in these experi- 
ments has been described in detail (7). Testes from immature rhesus (Macaca mulagta) monkeys 
were the source of tissue. The nutrient medium for initiating outgrowth of cells consisted of 9 
parts of Earle-Simms solution (3 parts of Earle's balanced salt solution (BSS), plus 1 part of 

t Dr. Anthony J. Girardi, United States Public Health Service Fellow, kindly supplied us 
with this material which he prepared as part of another study. 
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bovine serum ultrafiltrate) and 1 part of 5 per cent lactalbumin enzymatic hydrolysate as 
previously described (14). 0.9 ml. of medium was used per culture tube. After 4 to 5 days, 
immediately before the addition of virus to the cultures, the fluid was replaced by a main- 
tenance medium consising of Morgan, Morton, and Parker 199 (15) diluted with two parts of 
BSS. The incorporation of Earle's strongly buffered BSS (16) in the medium after the cultures 
were inoculated, eliminated any necessity for nutrient renewal during the subsequent 2 week 
period, which was the duration of the experiment. Thus any complicating factors which 
might have been caused by renewal of nutrient fluid on the interpretation of the outcome of 
interference were avoided. 

Virus Titro2ions.---0.1 ml. of serial tenfold dilutions of the virus preparation was introduced 
into a duplicate set of tubes. 12 days after inoculation, the tubes were examined microscopically 
for evidence of specific degeneration. Either 0 or 4 +  degeneration (complete destruction of the 
normal structure of the fibroblasts, with shrinkage and granulation) was evident at this time. 
The titer was taken as the final dilution of virus (in the 0.1 mi. inoculum) which produced 
complete fibrobhstic destruction at 12 days. Only very rarely have cultures exhibiting 0 
degeneration at this time shown subsequent degeneration. 

Plan of lhe Ezperiments.--Cultures were inoculated with 0.1 ml. of various doses of one 
virus, foliowed at given intervals by 0.1 mi. of various amounts of a second poliomyelitis or 
other virus, as indicated in the text. Before the addition of the second virus, all cultures were 
washed 4 times with 5 to 10 hal. of BSS, in order to remove any extracellular or unadsorbed 
virus of the first inoculum. In this manner, competition of unadsorbed virus with the agent 
inoculated subsequently could be discounted in the interpretation of the experimental results. 
Culture fluids and tissues were coliected from groups of 2 to 3 culture tubes at varying intervals. 
Suspensions of tissue were prepared as follows: the fluid phase was removed as completely as 
possible with a pipette, the tissue was washed 4 times with 5 to 10 mi. of saline, and the 
tissue fragments were scraped from the bottom of the tube. They were then transferred to a 
mortar, by means of a capillary pipette, using 0.9 ml. of BSS per tube, and ground with 
alundum. The suspension was centrifuged at 2000 R.p.u. for 5 minutes. Since each culture 
tube contained approximately 0.01 gln. of tissue, adding 0.9 ml. of BSS gave an approximate 
dilution of the tissue of 10-L The preparations were then titrated for tissue culture infectivity. 
In order to determine the significance of the difference in titers obtained in this series of 
experiments, repeat titrations were performed on groups of 2 to 3 culture tubes which had 
received the same initial infecting dose of poliomyelitis virus. Under these conditions, it was 
found that the titer produced varied by no more than 1.0 log unit. Hence when the results of 
titrations of tissue suspensions or fluids are compared, only a difference of 2.0 log units between 
2 different samples is considered to be significant. 

The interpretation of the interference experiments depended upon a knowledge of the level 
of virus multiplication in the absence as weli as in the presence of the second agent. Therefore, 
in all experiments, control fluids and tissue suspensions were collected from cultures receiving 
the first (interfering) virus alone and also from cultures inoculated only with the second 
(challenge) virus. 

In testing harvests from cultures inoculated with two viruses, simple titrations would have 
given unclear results for one would not have known which agent was being measured. How- 
ever, if specific antiserum were added at the time the titrations were made, one agent only 
would be neutralized, and the cytopathic changes observed in the titration series conid be 
attributed to the second virus. Thus in testing for the outcome of interference, the following 
procedure was adopted: In an experiment involving interference of a Type I virus by a Type 2 
virus, the growth of the chalienge Type 1 virus was followed by titrating fluids and tissue 
suspemions in the presence of Type 2 antiserum. To serial tenfold dilutions of the sample 
under test, an equal volume of a 1:5 dilution of a Type 2 serum was added and the mixtures 
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incubated for 1 hour at room temperature. Each mixture was then inoculated into 2 culture 
tubes, and the extent of degeneration read at 12 days. The TC neutralization test as employed 
here has been described in detail (17). A number of controls were also included in each test, 
and these are described in more detail in the experimental section. 

Surd~al of Virus in Call-Free Medium 02 35°C.wAs one of the controls in determining 
whether interference occurred between two poliomyelitis viruses, the persistence of virus 
under the conditions of the experiment but in the absence of living calls was investigated. 
Tubes were made in an identical fashion as the regular cultures with the exception that either 
no tissue or heat-kiUed tissue was embedded in the plasma clot. Virus survival was found to 
be the same in such cultures when fresh medium or "conditioned" medium was present. 
Conditioned medium refers to fluid removed from cultures in which monkey testicular tissue 
had grown for a number of days. 

EXPF~ ~ r r A L  

The Effect of the Time Interval between Addition of the Two Poliomyelitis 
Viruses on the Outcome of Interference.--lO,O00 T C  doses of Y-SK virus were 
added to cultures, followed by  a second inoculum of 1,000 TC doses of Leon 
virus, 4 hours, 1 day,  or 4 days  after  the first inoculum. As a control, the 
extent  of mult ipl icat ion of Y-SK virus alone, and of Leon virus alone, was 
also obtained under  the conditions of the experiment.  The  outcome of inter-  
ference was measured by  infect ivi ty  t i t ra t ions  in roller-tube cultures of fluids 
and tissues of inoculated cultures removed a t  different t imes:  1, 4, 7, and  10 
days  after  inoculation of the second virus. 

In  test ing for the outcome of interference of Y-SK virus with Leon virus, 
the Leon growth curve was obtained b y  t i t ra t ing  fluids and tissue suspensions 
in the presence of Y-SK serum. The  following i l lustrate the types  of controls 
included in this and  subsequent  experiments  : - - ( a )  Ti t ra t ions  of cultures 
which received only Leon virus were also carried out  in the presence of Y-SK 
serum. In  pre l iminary tests, such t i t ra t ions  were always comparable  to those 
carried out  in the presence of normal serum, showing tha t  no heterologous 
cross-neutralization occurs in tissue culture. (b) I t  was necessary to show 
that the concentration of Y-SK serum used was effective in specifically in- 
hibiting Y-SK virus under the experimental conditions used. Therefore, fluids 
and tissues collected from cultures inoculated only with the Y-SK virus were 
tested in the presence of Y-SK serum. Complete neutralization was evident 
throughout the duration of the experiment. (c) That  the Y-SK serum had 
no effect on the Leon virus was shown by subinoculation in the presence of 
Leon serum of fluids derived from cultures that had received both Y-SK and 
Leon viruses, and previously had been tested in the presence of Y-SK serum. 
Subinoculation failed to reveal the presence of either virus. (d) Titrations of 
preparations obtained from cultures inoculated only with Y-SK virus were 
also made in the presence of normal serum to show that Y-SK virus multi- 
plied at its normal rate. (d) In order to evaluate the degree of interference, 
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the survival of Leon virus in the absence of living, susceptible cells, was de- 
termined. 

As can be seen from Table I, Part 1, when the challenge virus, Leon, was 
given 4 hours after Y-SK virus, no interference was demonstrated since the 
extent of multiplication of Leon virus in the presence of Y-SK virus was 

TABLE I 

Interference of Y-SK (Type 2) Poliomyelitis Virus with Leon (Type 3) Poliomyditis Virus 

Inoculation of cultures 

Second 
inoculum Serum 

Part  First inoculum added s t  
time of 

4 hrs. after titration 
first 

' TC virus dTo~CC i Vlrus d o ~  

Y-SK 10,000 None Normal 
Y-SK 

1 Y-SK 110,000 Leon 1000 Y-SK 

None Leon 1000 Y-SK 

Negative log of TC titer of culture fluids and 
tissue at  following clays after inoculation of 

challenge virus 

1 4 7 I0 

Fluid Tis- Fluid Tis- FinidTiS-Fluid Tis- 
sue sue  sue  sue 

2 3 4 5 3 4 
0 0 0 0 0 0 

1 2 3 4 3 4 

1 2 4 5 4 4 

Interference 

None 

1 day after 
first 

Y-SK 10,000 None Normal 3 4 4 5 3 4 2 3 Partial 
Y-SK 10,000 Leon 1000 Y-SK 2 2 2 <3 1 0* Und, 2 
None Leon 1000 Y-SK 2 5 4 5 3 4 3 2 

4 days after ! 
first 

Y-SK 10,000 None I Normal 2 3 3 5 3 4 3 3 Complete 
Y-SK I0,00C Leon I 1000 Y-SK 1 0* I 0* I 0 0* 0 0* 
None Leon I000 Y-SK 2 3 4 5 i 3 4 3 4 

No tissue 2 I 0 
(Leon i 

survival) I 

* 0 indicates highest concentration that could be reasonably tested. Tissue fragments in each tube w ere sus 
pended in 0.9 ml. to give an approximate concentration of 10 "~, the highest concentration t e s ted .  

Und. indicates that  virus was detected only in the undiluted TC fluid. 

comparable to that of Leon alone. However, when given 1 day after Y-SK 
virus, (Table I, Part 2), the multiplication of Leon was definitely less as 
evidenced by comparison with its normal growth pattern, and when given 4 
days after (Table I, Part 3) no multiplication was demonstrated, indicating 
complete interference. I t  will be noted in Part 3, that while some virus was 
recovered at days 1 and 4 after inoculation, the titers correspond to those 
obtained when the virus is incubated in the absence of living, susceptible cells. 
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Furthermore, attempts to demonstrate the presence of Leon virus by sub- 
inoculation of negative fluids in the presence of Y-SK serum were not suc- 
cessful. Y-SK virus alone was found in all three experiments to multiply 
normally (7). 

I t  is evident from these experiments that a quantitative comparison of 
the two viruses at an early stage and at the completion of an interference 
experiment, plus a comparison with the survival titers of the challenge virus, 
are necessary to demonstrate complete, partial, or no interference. 

The Effect of Relative Amounts of Two Poliomyelitis Viruses.--In a repre- 
sentative experiment illustrated below, the factor of time was kept constant; 
i.e., a 1 day interval between inoculation of the two viruses was used. Fol- 
lowing the inoculation of 10,000, 1,000, and 100 TC doses of Y-SK virus, 
100 and 10,000 TC doses of Leon virus, respectively, were added to each of 
the above culture series. The outcome of interference was again measured 
by infectivity titrations in roller-tube cultures of fluids and tissues of inocu- 
lated cultures removed at the following times: 1, 4, 7, and 10 days after in- 
oculation of the second virus. Titrations were carried out in the presence 
of Y-SK serum. Suitable virus and serum controls were included as indicated 
above. 

The results are presented graphically in Fig. 1. Only titrations of the fluids 
of the experimental cultures are presented, since the tissue titrations re- 
vealed essentially similar findings. The titer of fluids from cultures inoculated 
with the challenge virus alone is indicated by the dotted line, while the titer 
in the presence of Y-SK virus is indicated by the solid line. I t  can be seen 
that using 10,000 TC doses of Y-SK virus, partial interference with 10,000 
TC doses of Leon virus was observed, but complete interference with the 
growth of 100 TC doses of Leon resulted since the small amount of virus 
recovered here corresponded to that recovered in tubes without living cells. 
When 1,000 TC doses of Y-SK were used, no interference was obtained with 
10,000 doses of Leon, and only partial interference with 100 doses of Leon. 
A smaller amount of Y-SK, 100 doses, resulted in no interference with either 
100 or 10,000 doses of Leon. Not included in the figure are the control titra- 
tions of cultures which received Y-SK virus alone, these showing the expected 
pattern of multiplication illustrated in Table I. This series of experiments show 
that a gradation of interference effect can also occur when the factor of dosage 
is varied, as well as when the factor of time is the variable, as was demon- 
strated in the preceding section. 

A more detailed analysis of the factor of dosage in its effect on the out- 
come of interference is presented in Table II. The data represent the results 
of an experiment similar to the one illustrated in Fig. 1, except that both 
1 and 4 day intervals were employed between inoculation of Y-SK and Leon 
viruses. Also, the inoculation of 10,000, 1,000, and 100 TC doses of Y-SK 
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TABLE II 

The E~ect of Timing and the Rdati~e Amoun~ of the First Virus (Y-SK) and the Second 
Challenge Virus (Leon) on the Interference of Multiplication of the Second Virus (Leon) 

TC doses of Extent of 
Y-SK virus interference 

I0,000 Complete 
1,000 Complete 

I00 Partial  

None 

TC doses of 
Y-SK virus interference 

I0,000 Complete 
1,000 Complete 

100 Partial 

None 

TC doses of 
Y-SK virus interference 

10,000 Complete 
1,000 Complete 

100 Complete 

None 

* Negative logarithm given of TC tlter (12th day reading) of culture fluids and tissues collected at  days 
indicated after inoculation of challenge virus. Titers of Leon virus are represented. Control titrations of Y-SK 
virus, not included in table, showed a noruml pattern of multiplications as illustrated in Table I. 

0 indicates highest concentration that  could be reasonably tested and found negative. Tissue fragments in 
each tube were suspended in 0.9 ml. to give an approximate concentration of I0 ~.  

§ Survival of challenge virus in roller-tubes without tissue. 

virus was followed by the inoculation of 100, 1,000, and 10,000 TC doses of 
Leon virus, respectively, to each of the above series of cultures. The data 
again indicate that either complete, partial, or no interference may be ob- 
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mined depending on the factor of dosage of the two viruses, as well as the 
time used between the inoculation of the viruses. In further experiments, 
similar findings were also obtained with WS and Y-SK viruses. 

IO0,O00 TC DOSES TYPE 1 VIRUS + I0~000 TC DOSES TYPE 2 VIRUS 

TYPE I VIRUS TYPE 2 VIRUS 

5 
4 
3, 

l-- 2. 

I=.1 I. 
:~ Und.. (n 
(n (~J 
I-  
¢3 
z 

..J 

~. 5. 
o 4. 
n,, 

I- g. 

o Und., 

~ 0 

0 I 4 7 I0 

,"'"~ FI 
F I + F 2 + T Y P E  2 A N T I S E R U M  

0 I 4 7 I0  DAYS 

~ ' " )  F z 

F I + F  2 +TYPE I ANTISERUM 

0 4 7 I0 

F"',,')' TI 
T 1 +T2+ TYPE 2 ANTISERUM 

! ! ! . . . . . .  I' 
| L . . . . .  

...i 
0 4 7 I0  DAYS 

r'"3vz 
T I +T  2 +TYPE I ANTISERUM 

FIO. 2. Growth of Type I WS and Type 2 Y-SK viruses inoculated simultaneously in large 
dosages. FI and 3"1 indicate fluid phase and tissue of control cultures inoculated with Type 1 
virus alone. F2 and T~ indicate same for Type 2 cultures. Fz + F2 + Type 2 antiserum in- 
dicates titer of Type I virus in fluid phase, for the serum specifically neutralizes only the Type 
2 virus present in the mixture; FI + Ft + Type 1 antiserum, titer of Type 2 virus in fluid 
phase; Tt + T2 + Type 2 antiserum, titer of Type 1 virus in tissue; and Tl + T2 + Type 1 
antiserum, titer of Type 2 virus in tissue. 

The Effect o[ Simultaneous Inoculation of Two Poliomyelitis Viruses.--The 
problem next investigated was the extent of interference between two polio- 
myelitis viruses when these were given an equal chance to grow out; i.e., when 
they were inoculated simultaneously into cultures. In the experiments il- 
lustrated in Fig. 2, a large dose of WS virus was inoculated into cultures 
together with a large amount of Y'-SK virus. The growth pattern of each of 
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the viruses inoculated in the presence of the other virus, as indicated by the 
solid line, is compared with that obtained when inoculated alone, as indi- 
cated by the dotted line. Titrafions of fluid (F), shown in the upper part 
of the figure, and of tissue (T), the lower part, were performed in the presence 
of specific hyperimmune serum against one or the other of the viruses. The 
growth pattern of WS virus Mone was similar to that obtained in the presence 
of Y-SK virus. Conversely, the pattern of multiplication of Y-SK virus alone 
was similar to that obtained in the presence of WS virus. 

It was next determined whether the amount of WS virus used above, 
100,000 TC doses, would have any effect on the pattern of multiplication of 
a very small amount of ¥-SK virus when the two viruses were inoculated 
simultaneously. 100,000 TC doses of WS were inoculated together with 1 TC 
dose of Y-SK virus. The growth patterns of each of the viruses obtained 
in the presence of the other virus, and when inoculated alone, are presented 
in Fig. 3. Only partial inhibition of the growth of the small amount of Y-SK 
virus used appears to have occurred, as revealed by a comparison with its 
normal growth curve, shown by the dotted line. When both viruses have 
an equal opportunity to infect susceptible cells in culture, both may grow 
out. When these and previous experiments are considered, it appears that 
a period of time is required for resistance to develop in the host tissue. 

The Effect of the Excluded Virus on the Multiplication of Interfering Virus . -  
In his studies on interference between bacterial viruses, Delbrtick (18) ob- 
served that the excluded virus may reduce the number of particles of the 
interfering virus liberated upon lysis of the bacterium. This has been called 
the depressor effect. Experiments were designed to determine whether in 
the present system excluded virus exerted a similar effect on the interfering 
virus. 

On the basis of the above results, conditions were so arranged that three 
grades of interference would be produced: none, partial, or complete. To three 
series of cultures 1,000 TC doses of ¥-SK virus were added, followed by a 
second inoculum of 100 or 1,000 TC doses of Leon virus, either at 1 or 4 day 
intervals. At 4 and 8 days following the second inoculum, fluids and tissues 
were collected from infected cultures, and these were titrated in the presence 
of Y-SK, as well as Leon antiserum. The results are tabulated in Table III. 

On the basis of the resulting TC titers of Leon virus determined in the 
presence of Y-SK serum, varying degrees of interference, from none to com- 
plete, with the growth of Leon virus were established. The titers of Y-SK 
virus produced at 4 and 8 days in cultures which had received Leon virus as 
the second inoculum, as determined in the presence of Leon serum, were 
comparable in all cases to those produced in cultures inoculated only with 
Y-SK virus. Thus partial or complete exclusion of Leon virus had no effect 
on the resulting titers of the interfering, infecting ¥-SK virus, and no "de- 
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pressor effect" analogous to that shown by Delbriick was obtained under 
the conditions of these experiments. 

Reciprocal Interference among Types 1, 2, and 3 Poliomyelitis Viru, es.-- 
As shown in Table II, when 10,000 TC doses of Y-SK virus were used as 
the interfering virus, and 1 day after, 1(90 TC doses of the Leon challenge 
virus were added, complete interference with the growth of Leon virus was 

I00,000 TC DOSES TYPE I VIRUS PLUS I TC  DOSE TYPE 2 VIRUS 

tL/ 

(n 
¢n 

o 
z < 

O 

,.J 

u. 5, 
0 4 
i.r 
w 3 
I- Z 
F- I, 

O Und 
! -  ' C  

5, TYPE I VIRUS 

WL . . . . . . .  ; 
2, 
I, 

Und. 
0 

0 4 
m 

8 

TYPE 2 VIRUS 

0 4 s DAYS 

o r " "  ":, F I CONTROL 

F O + F 2 ÷ TYPE 2 ANTISERUM 

; ' - - " :  F 2 CONTROL 

F I 4- F E ÷ TYPE I ANTISERUM 

0 4 8 

Z 
o 4 S DAYS 

, ; ' - ' ~ T  I CONTROL i r - - ' ~ T 2  CONTROL 

T I ÷ T 2 ÷ TYPE 2 ANTISERUM ~ T  I ÷ T 2 ÷ TYPE I ANTISERUM 

FIO. 3. Growth of Type I and Type 2 viruses inoculated simultaneously with a large amount 
of Type 1 virus and a small amount of Type 2 virus. Legend like that of Fig. 2. 

demonstrated. The results of further experiments suggested that under the 
same conditions Y-SK virus also successfully interfered with WS virus. There- 
fore, these conditions were utilized in order to test for possible reciprocal 
interference among the three types of poliomyelitis virus. Fig. 4 shows the 
data of a representative series of experiments. Titrations of tissue (T) and 
fluid (F) were performed in the presence of specific antiserum for the inter- 
feting virus. From a comparison of (a) the growth patterns of the challenge 
virus inoculated alone, (b) the growth patterns of the challenge virus in the 
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presence of the interfering virus, and (c) the survival titers of the challenge 
virus as indicated by the shaded areas, it can be seen that complete inter- 
ference may be reciprocally obtained between any two poliomyelitis viruses 
under the experimental conditions used. 

Interference Experiments with Poliomyelitis and Coxsackie Viruses.--Ex- 
periments were designed in which three TC adapted strains of Type A-9 
Coxsackie virus were tested in interference experiments with poliomyelitis 
virus, in order to determine the "specificity" of the interference phenomenon 

TABLE III 

Experiments Designed to Test the Effect of tke Excluded Virus on the Multiplication of the 
Interfering Virus 

Second inoculum 

Inoculation of cultures 

First inocuinm 

TC 
Virus doses 

1000 
IOO0 

1000 
1000 

IOOO 
IOOO 

4 days 8 days 

Negative log of TC fiter of culture 
fluids and tissues collected at 

following days after inoculation 
o f  challenge virus 

Interference 
with 

Leon virus 
! day after first +Y-SK -t-Leon -I-Y-SK +Leon 

~ru~* ~g~rtlm~ Sel~Im serum 

g ~ .~ g -¢I ° w .  d TC = = 

Y-SK 
Y-SK 
None 

Y-SK 
Y-SK 
None 

Y-SK 
Y-SK 
None 

None 0 0 3 3 0 0 4 3  
~ n 1 0 O O 2 3 3 4 3 4 3 3  
L e o n 1 0 o o 3 3 0 0 4 4 0 1 0  

1 day after first 
None 
Leon 100 
Leon 100 

0 0 
1 2 
4 3 

0 0 
0 0 
4 4 

3 3 0 0  
4 4 1 ~ 2  
0 0 3 3  

4 3 0 0  
2 3 0 0  
0 0 3 3  

4 days after first 
None 
Leon 100 
Leon 100 

4 3  
4 3 
0 0 

4 i 4  
3 4 
O~ 0 

None 

Part~.l 

Complete None 

Effect of 
Leon virus 

on growth of 
Y-SK virus 

None 

None 
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* Leon virus is dectected in presence of Y-SK serum. 
$ Y-SK virus is detected in presence of Leon serum. 

between two poliomyelitis viruses in tissue culture. Experimental conditions 
which in previous experiments resulted in complete interference of one polio- 
myelitis virus with another were utilized. I day after infection of four groups 
of cultures with 10,000 TC doses of WS virus, 100 TC doses of the following 
viruses were added, respectively: Easton-ll, Cairo-B, and Easton-30 Coxsackie 
viruses, and Y-SK poliomyelitis virus, as a control. Culture fluids were col- 
lected at 4, 8, and 12 days after inoculation of the second virus. The justifica- 
tion of collecting only fluids, and not tissues, for the demonstration of the 
presence or absence of virus, lies in the fact that in no previous experiment 
had a culture been found which contained virus in the tissue and not in the 
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r 

Und.. :...~ . . . . . . . . .  A~T7 ÷ T3 ÷ ASp. 
- -  o ,~ i3 Fz +FS4-ASe 

_/Type 2 interfering; Type I challenge virus 

~, Un . . . . .  ~-.T t aeT2+AB 2 
5 -J o ; "~ ~ FI +Fz "As2 
l a .  

re .  
o 
n. 
w 
t -  
t -  
o 
t -  

fluid. Suitable controls were included. As seen from the data in Table IV, under 
conditions resulting in complete interference with the growth of ¥-SK virus 
by WS virus, no interference with the growth of the Coxsackie strains was 
found. 

Type 2 Interfering; Type 3 challenge virus / Type 3 interferlng; Type 2 challenge virus 

3. 1 f .,----" ~F;~ 
2. ~ F 3  U I. 

i 4 ~ ~, +e3+ABS 

4]Type 3 interfering; Type I challenge virus 

I l l  
U , d . ~ ,  , ~ T  1 4- T 3 4-AB 3 

o i ,i k F t  +1'5 ÷Ae~ 

[Type I interfering; Type 2 challenge virus 

: F~. , 

~ e - - ,  m--'~e TI +Ts) +AB I 
J i i Fi *F~ ÷Ael 

!Type I interfering; Type 3 challenge virus 

t_ . _*-:r~+rS +Ael 
i ~ i Ft + r s + A S I  

I0,0OO TC DOSES INTERFERING VIRUS. IOO TC DOSES CHALLENGE VIRUS. 

ONE DAY INTERVAL BETWEEN INOCULATIONS 
Fro. 4. Reciprocal interference among Types 1, 2, and 3 poliomyelitis viruses. The survival 

titers of the challenge virus are indicated by the shaded areas. Legend as for Fig. 2. For ex- 
ample ,  the graph in the upper left indicates the growth curves (Fa, fluid; Ta, tissue) of the 
challenge Type 3 virus in the absence of the intedering Type 2 virus. T2 + Tt + AB~ in- 
dicates Type 3 virus in tissue, as Type 2 virus has been neutralized by added homotypic 
antibody (ABI), and similarly Ft + Fs + ABt indicates Type 3 virus in fluld phase. 

Interference Experiments with Poliomyelitis and "Orphan" Viruses.--As in 
the experiments with the Coxsackie viruses, experimental conditions which 
resulted in complete interference of one poliomyelitis virus with another were 
utilized. 2 days after infection of five groups of cultures with 10,000 TC doses 
of WS virus, 100 TC doses of the following antigenically distinct viruses were 
added, respectively: Farouk, Rende, Grigg, and Cornelis orphan viruses, and 



TABLE IV 

Failure of Poliomydilis Virus to Interfere wlth Coxsackie Viruses in Tissue Culture 

Inoculation of cultures 

First lnocuium Second inoculum 
1 day after first 

virus 

None 

Psrt 

Polio- TC 
m~,~ru litis doses 

s 

WS 10,000 

WS 10,000 
None 
None 

WS I0,000 
None 

WS 10,000 
None 

WS 10,000 
None 

Easton-I 1 
Easton-ll 
Esston-I I* 

Csiro-B 
Csiro-B 

Esston-30 
Easton-30 

Y-SK 
Y-SK 

TC 
doses 

100 
100 
I00 

I00 
I00 

100 
100 

I00 
I00 

Serum 

Normal 
WS 

WS 
WS 

WS 
WS 

WS 
WS 

WS 
WS 

Negative log of TC 
titer of culture fluids 
~oliected a t  following 
~ y s  after inoculation 

of challenge virus 

4 8 12 

3 4 3 
0 0 0 

3 
3 

Und. 0 0 

2 2 
2 2 

2 2 
2 3 

] 
0 0 0 
4 !  4 3 

Interference 

None 

None 

None 

Complete 

* No tissue present. Control for virus survival. 

TABLE V 

Failure of Pollomyd~is Virus to lnlerfere wi~h Four Anligenically Dislind Or ~kan VOuse~ 

Part 

Inocuiat on of cultures 

Second inoculum 
First inoenl-.m 2 days after first 

Polio- TC 
m~.~stis doses 

1 WS 10,000 

2 WS 10,000 
None 

3 WS 10,000 
None 

4 WS 10,000 
None 

5 WS 10,000 
None 

6 WS 10,000 
None 

Virus* 

None 

Farouk 
Farouk 

Rende 
Rende 

Grigg 
Grigg 

Cornelis 
Cornells 

Y-SK 
Y-SK 

Serum 

TC 
doses 

Normal 
WS 

100 WS 
I00 WS 

100 WS 
100 WS 

100 WS 
100 WS 

100 WS 
100 WS 

100 WS 
I00 WS 

Negative log of TC 
titer of culture fluids 

collected s t  following 
days after inoculation 

of challenge virus 

i 
4 8 12 

4 ! 4 3 
0 0 0 

3 4  4 
3 4 4 

3 I 4 2 
3 1 3  3 

3 2 
! 2 3 

3 3 
3 3 

0 0 0 
3 4 3 

Tnterfercuce 

None 

None 

None 

None 

Complete 

* The orphan viruses all failed to survive for 4 days in tubes prepared without tissue and 
incubated at  35 ° along with the experimental cultures, 
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Y-SK poliomyelitis virus as a control. Culture fluids were collected at 4, 8, and 
12 days after inoculation of the second virus. Suitable controls were included 
as indicated in Table V. 

Under conditions which resulted in complete interference with the multiplica- 
tion of Y-SK virus by WS virus, no interference was demonstrated with the 
growth of any of the orphan viruses used. The failure to demonstrate inter- 
ference under the conditions used does not exclude the possibility that inter- 
ference may be produced when other conditions of time and virus dosage 
are employed. 

Reciprocal experiments of those described; i.e., interference of WS virus 
by orphan viruses were also performed. 1,000 to 10,000 TC doses of the above 
orphan viruses were inoculated into a series of culture tubes. 2 days later, 10 TC 
doses of WS virus were added. Titrations of the fluids collected 4 and 8 days 
after the second inoculum revealed that at most a partial inhibition of the 
growth of WS virus by each of the orphan viruses had occurred. 

The Effect of Inactivated Virus upon the Multiplication of Poliomyelitis 
Viruses.raThe effect on the growth of WS poliomyelitis virus by the presence 
of WS virus rendered non-infective (or almost so) by formalin treatment, by 
high energy electron bombardment (capacitron), and ultraviolet irradiation 
was studied. The inactivation treatments are described under Methods. 

Undiluted WS virus, grown in culture and subjected to electron bombard- 
ment in the capacitron under various conditions, was tested for its interfering 
property as follows: 0.1 ml. of each preparation was inoculated into each of 8 
monkey testicular roller-tube cultures. 1 day later, 0.1 ml. of either 1 or 10 TC 
doses of active WS virus as indicated was added to 4 tubes of each of the 
above preparations, leaving 4 culture tubes containing only the electron- 
irradiated material. Active WS virus alone was also inoculated into 4 culture 
tubes, as controls. Cultures were examined for fibroblastic degeneration 4, 
6, 8, and 12 days after addition of the second inoculum. In no case was inter- 
ference demonstrated, not even in irradiated preparations which contained 
very small amounts of residual active virus, as shown in Table VI. Similar 
results were obtained when the challenge virus was inoculated 4 days after 
the irradiated virus. Interference experiments with electron-irradiated and 
active Y-SK virus revealed essentially the same findings. 

The WS virus after treatment with formalin and dialyzed to remove the 
excess free formalin was also tested as an interfering agent. The experimental 
procedure was similar to that used with the electron-irradiated virus above. 
Again, as shown in Table VII, no interference was manifest under the condi- 
tions used, even though trace amounts of virus were still present in certain 
of the formalin-treated preparations. 

The ultraviolet-irradiated virus was tested after exposures sufficient to 
inactivate the virus, 180, 300, 500, and 900 seconds. Undiluted, inactivated 



TABLE VI 

ln~rference Experiments with High-Energy Eledron Irradiafed Preparations of Poliomydltis 
Virus 

Part 

3 

Inoculation of cultures 

First inoculum Second inoculum 
1 day after first 

Capscltron preparation* Virus~: TC doses 4 

2.0, liquid, He None {, 0 
2.0, liquid, He WS [ 10 2 
None WS i 10 2 

2.4, liquid, He None 0 
2.4, liquid, He WS i 10 2 
None WS 10 2 

Extent of fibroblsstic degeneration 
observed a t  following days 

after second inoculum§ 

6 8 

o i ( i /4 )  
3 4 
3 4 

0 0 
3 3-4 
3 4 

2.8, liquid, He None 0 0 0 
2.8, liquid, Hell WS 1 1 2 2-3 
None WS 1 1 2 3 

2.4, frozen, He None 0 0 2(3/4) 
2.4, frozen, He WS 10 2 3 4 

2.8, frozen, He None 0 0 1(1/4) 
2.8, frozen, He WS 10 2 3 4 
None WS 10 2 3 4 

2.0, liquid, 0~]) None 0 0 0 
2.0, liquid, O~ WS 1 1 2 3 

0 0 0 
1 1 2 3 
1 1 2 3 

None 0 0 2(3/4) 
WS 10 2 3 4 

None 0 ! 0 1(2/4) 
WS 10 2 3 4 
ws ! 1 0  2 1 3  4 

2.4, liquid, airll None 
2.4, liquid, air WS 
None WS 

2.4, frozen, 02 
2.4, frozen, O3 

2.8, frozen, air 
2.8, frozen, air 
None 

Inter- 

I 12 
3(2/4) 
4 None 
4 

2(1/4) 
4 None 
4 

0 
4 None 
4 

3(3/4) None 
4 

3(2/4) 
4 None 
4 

0 
None 

4 

0 
4 None 
3-4 

3(3/4) None 
4 

2-3(3/4) 
4 None 
4 

i 

* Undiluted culture fluid of WS TC-35 which had been subjected to various conditions of 
capacitron irradiation. 2.0 indicates 2 X 106 n.E.P. Liquid indicates virus held cold but not 
frozen. Frozen indicates virus held at -- 70 °. Virus irradiated under atmospheres of helium, 
oxygen, or air as indicated. 

Active WS, 35th TC pas~ge. 
§ 4 monkey testicuiar tissue culture tubes were used per inoculum. The fibroblastic 

degeneration recorded is representative of all of the 4 culture tubes used. If all 4 cultures did 
not react, a figure in parenthesis after the degeneration number indicates how many cultures 
of the 4 tubes inoculated did react. 

II Addition of vires 4 days after first inoculum also resulted in no interference with the 
active virus. 
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virus was inoculated in 0.1 ml. amounts  into a large number  of culture tubes. 

At intervals of 0, 1, and 3 days after the first inoculum, 10 TC doses of active 

TABLE VII 
Inlerference Experiments with Formalin-Treated Preparations of Poliomyelitis Virus* 

Part 

Inoculation of cultures 

First inoculum 

Formalin preparation 

8 days$ 
8 days 
None 

8 days 
8 days 
None 

8 days 
8 days 
None 

12 days 
12 days 
None 

12 days 
12 days 
None 

Second inoculum 

4 hrs. after first 

Virus TC doses 

None 
WS 10 
WS 10 

l day after first 
None 
WS 10 
WS 10 

3 days after first 
None 
WS 10 
WS 10 

1 day after first 
None 
WS 1 
WS 1 

3 days after first 
None 
WS 1 
WS 1 

Extent of fibroblastic 
degeneration observed at 

following days after 
second inoculum 

4 6 8 12 

0 0 0 0 
2 3 3 4 
2 3 3 4 

0 0 0 0 
2 3 3 4 
2 3 3 4 

0 0 0 0 
2 3 4 4 
2 3 3 4 

0 0 0 0 
1 2 3 4 
1 2 3 4 

0 0 0 0 
1 2 3 4 
1 2 3 4 

Interference 

None 

None 

None 

None 

None 

* 6 day treatment with formalin yielded active virus in monkey testicular roller-tube 
cultures. Active virus was recovered from both of above 8 and 12 day preparations in monkey 
kidney roller-tube cultures, although not in monkey testicular cultures as indicated. Both 
preparations were proven to be antigenic in monkeys. 

Representative data of experiments using two different formalin preparations given. 
4 to6  monkey testicular tissue culture tubes were used per inoculum. The fibroblastic de- 
generation recorded is representative of all the cultures used. 

WS virus were added to each of 4 tubes of each of the above sets, leaving 4 

culture tubes containing only the irradiated virus. Culture tubes receiving 
only active WS at  the above times were also included as controls. The extent 
of degeneration was followed over a period of 12 days. The time of appearance, 
as well as the extent, of degeneration in cultures which had received both 
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the active and inactive viruses were in all cases comparable to those which 
had received only active WS virus, similar to the data shown in Table VII. 
Cultures which had received only the irradiated preparations exhibited no 
degeneration. 

DISCUSSION 

At least two reports, the first by Paul and Trask in 1933 (19) and the 
second by Bodian in 1949 (20) already suggested that interference may 
occur among the poliomyelitis viruses. These studies dealt with the differ- 
entiation of ~mmunologic types of poliomyelitis virus by means of reinfection 
experiments in monkeys. Paralytic infection of monkeys by one strain con- 
ferred complete immunity to the same strain, but not always to a second 
strain, indicating that the latter belonged to a different type. Interference 
mechanisms might have played a role in the experiments, for when reinocula- 
tion by a heterologous poliomyelitis virus type was made shortly after a 
paralytic infection, some immunity to the second virus was revealed. How- 
ever, in Paul and Trask's experiments, if a sufficient number of weeks were 
allowed to elapse between the first and second inoculations, lithe resistance 
to the second type was manifest. More recently Casals et al. (21) have shown 
that mice vaccinated with a Type 2 strain exhibit marked resistance to a 
Type 3 strain; this may also be an example of interference. With the advent 
of tissue culture technics, the problem of interference has now been investigated 
more systematically. 

Infection of susceptible cells in tissue culture with one type of poliomyelitis 
virus can render them resistant to the action of a heterotypic virus, as is 
apparent from the studies reported here. The data presented indicate that 
under the conditions used, the interfering virus must be given an advantage 
over the one to be excluded. This may be accomplished by controlling the 
dosage, i.e. the relative amounts of the interfering and challenge viruses, and 
the time between addition of the interfering and challenge viruses. As was 
shown, definite quantitative relationships between two viruses were required 
in order to obtain interference. The fact that reciprocal interference could 
be demonstrated between Type 1, Type 2, and Type 3 poliomyelitis viruses 
under the same conditions would suggest that similar mechanisms responsible 
for the production of interference are involved for all members of the polio- 
myelitis group. 

Only live poliomyelitis viruses were effective as interfering agents. Neu- 
tralized mixtures of one poliomyelitis virus type plus its homologous serum 
did not prevent the growth of a second poliomyelitis virus type, nor did polio- 
myelitis viruses inactivated by formalin or by ultraviolet or high energy 
electron irradiation. In fact, the trace amounts of virus present when inactiva- 
tion did not proceed to complete loss of infectivity also failed to interfere 
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when larger amounts of active virus were subsequently added. Thus the 
interfering particle and the infectious particle seem to be identical, or at 
least to be inactivated together by chemical or physical agents. 

Since infected cultures were washed thoroughly at the time of addition 
of the second virus, interference could not have resulted from the extracellular 
interaction of one virus with another. Also, the presence in the culture of 
a multiplying virus per s e  did not interfere with the multiplication of another, 
as demonstrated in the experiments on simultaneous infection. Therefore, 
an alteration in the cells, whether only a surface alteration or an intracellular 
one, must be postulated. This alteration is such that interference between 
two poliomyelitis viruses may be virtually complete. However in the plasma- 
clot cultures used, this may not be an absolute effect. For example, when cultures 
infected with 10,000 TC doses of Y-SK virus were reinocuiated after 1 day 
with 100 TC doses of Leon virus, no subsequent growth of Leon virus oc- 
curred. But when cultures infected with the same dose of Y-SK virus were 
reinoculated with 10,000 TC doses of Leon virus after 1 day, only partial 
interference with the growth of Leon occurred. This might indicate that the 
large secondary inoculum partially reverses the state leading to interference. 
As has been suggested by Ziegler and Horsfall in their studies with influenza 
viruses (22), there may be a competition for a substance which exists in the 
susceptible cell in a certain fixed amount, the advantage being shifted in 
the direction of a large secondary inoculum. However, the effect might be 
the result of the type of culture used. In plasma-clot cultures, in which both 
the tissue explant and new cellular outgrowth are present, all susceptible 
cells are not physically available to the virus precisely at the same time. 
This question of whether the interference is due to the destructive effects of 
the virus on the susceptible cells can be better answered by using monolayer 
cellular cultures in which the cells are grown on glass in the absence of plasma 
(23-25), a technic which was not available when these interference studies 
were carried out. 

The following evidence indicates that the interference between two polio- 
myelitis viruses cannot be wholly attributable to a non-specific destructive 
cellular effect: (a) resistance to superinfection was found to be only relative; 
(b) the amount of virus which after 1 day produces complete interference 
with the growth of a fixed dose of a second poliomyelitis virus type, produces 
no visible cellular destruction at this time; (c) monkey testicular cultures may 
produce virus for over 30 days, long after all cellular "outgrowth" has been 
completely destroyed; (d) a "specificity" effect of the interference phenomenon 
between two poliomyelitis viruses in tissue culture is apparent from the lack 
of interference found between poliomyelitis virus and other viruses which 
multiply at about the same rate in monkey tissue cultures, namely certain 
Coxsackie and orphan viruses. 
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In regard to the factors of dosage and timing studied above, it was found 
that infection of tissue cultures with a small quantity of virus could result, 
after a number of hours, in a state which caused interference, but the same 
state could not be produced by a large amount of virus if the challenge virus 
were simultaneously introduced. This is undoubtedly due to the rapid rate 
of virus multiplication under the experimental conditions used, since the 
results presented indicate that there is a direct relationship between the 
extent of multiplication of the first virus and the degree of resulting inter- 
ference. When this is considered together with the facility of obtaining the 
same extent of interference reciprocally under similar conditions it also sug- 
gests that there may not be marked differences in the growth rates of the 
different poliomyelitis virus types. 

SUMMARY 

The inhibition of multiplication of one poliomyelitis virus by a poliomyelitis 
virus of another immunologic type has been established by using tissue cultures 
of monkey testes. The degree of interference varied from none, to partial, 
to complete, depending upon the time between inoculation of the interfering 
and the challenge viruses, and the amount of each virus inoculated. Reciprocal 
interference was demonstrated between Types 1, 2, and 3 poliomyelitis viruses. 

Under conditions which resulted in complete suppression of the growth 
of one poliomyelitis virus by another, interference by poliomyelitis virus 
with the multiplication of four antigenically distinct "orphan" viruses and 
of three andgenically related strains of Coxsackie virus could not be demon- 
strated. 

Poliomyelitis virus rendered non-infective by formalin or by irradiation 
with high energy electrons or with ultraviolet light, or treated so that only 
traces of residual active virus remained, failed to interfere with the propaga- 
tion of active homologous virus. 
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