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The phenomenon ¢f interfercnce between polic viruses I and 11 or betwesn

polio virus and Coxsackie virus has been obscrved under those corditions whore

each of these strains are capable of multiplying {3, 2). More recently, it

has becr demcnstrated that a strzin of type 1 polio virus, incapable of develw

oping at 35.5° or in the presence of cuanidinc was, nevetheless, capablc of

inkibiting the development of another strain of Peolio virus I which was chai- -
acterized by its resistance at 39.5° and to the presence of gquandire (3).

In the tw cases, the inhibiting action was different in that, in one case,
the virus replicated while in the other, it did note In the firsi case, inhi-
bition takes place slouly st the time of replication of the virus. In the
second case, it is rapid and occurs before synthesis of the viral nucleic acid.

Having conceded that we are employing "variants" of the Coxsackie virus
for which we have measured the sensitivity to development at that temperature
(spT) (L), it was of interest to us to determine in a susceptible system the

establishnment of interference between Coxsackie "variants" of the same type.

1, Virus Strains - A strain of themmosensitive coxsackie virus BS and a "hot
variant® obtained frem it were utilized (%).
The values for the SDT were as follows: (6)
"Challenger® virua: Coxsackie BES small plsques 37° (3); tr* 359, to 37°
+ 0,59 tr™ 38.7°.
Interferring virus: Coxsackie ES large plaques 41.2° (15); b= 36.59; to
390 + 0.25% tr= l1°.

These two clones were developed on KB cells. The virus lots to be employed
in the experiments were stored in ampoules at -70° The titer was expressed as the

PFU (plaque forming units} per ml ard was determined by the method of Cooper.




2. EE?EE.' The mediﬁm employed in the titration method of Cocper has been pre-

viously deseribed (7).
The eculture medium is a viristicn of the clasgsicil merliun ~iven b Dlordan

and Lepine. Tt is composed on lactalbumin in Farlets solution enriched with

B vitowins and young horse serum.

RINCIPLE OF TEE REXPERITMENT

Ve have set up a simple system in which the mechinism of repraduction of
the interfering virus is reduced by 95 ¢ at the temperaiurc of incutation. This
is fixed at 36° It corresponds to the cptimal temperature of development of the
"Challenger" virus and also to a temperature which is 0.5° iess than the tr' of the
interfering virus {sece the SUT of the respective strairns).

In a manner paralleling the interferencte cycle were run also a normsl inde-
penuent cycle for the "challenger" virus and a normal independent cycle for the
interfering virus.

For the purpose of clarity, the course of viral development of the inter=
ferirg virus incubated at its optimal temperature, which was 39° + 0.25°, does
not aocpear on the graph since it is easily confused with that of the normal
independent cycle of the "challenger" virus. The comparison of the development
curves of the various cycles allows for a direct estimation of the degree of
interference produced under 8 variety of experimental conditions, Titration of

the samples was carried out using the method of Cooper (7) modified to a tempera~
ture of 37°.

€0URSE OF AN EXPERIMT}

1. Assay of Interference - For the exclusion of an incubation period of 369,
all of the manipulations were carried out at a temperature of 229, At thie

temperature, neither the "challenger" virus nor the interfering virus are

capable of developing.




cantrifupe tubo were placoed 10 millicon KB eclls suspended in 1 ml
of Earle's solution., 1 ml of a suspensicn of interfering virus, vhose hiter
had been previously determined, was added.

w<

Tre mixture was kept suspended by
pipctting fer a pericd of 15 minutes. Three mirutes before cmpletion of this
period of time, the mixture was centrifuged a2t 500 rpm for 3 minutes and the

supernatant was discarded. The sediment was rinsed by pipetiing with © ml of

Barle's solution. After recentrifugation, the gsupernatent was discarded. The
cell rellet was recovered and suspended in 5 ml of maintenance medium. The
ccll suspension was transferred to a ground-glass ampoule with a fitted ground

gless sgopper which was coated with silicone grease at the necks

The bottle was immediately attached to a mobile support and submerged in

a water bath at a fixed temperature. Rotary agitation was carried out bty a

horizontzl circular movement of 70 rpm. The duration of this primary incuba-

tion was varied from one experiment to znother. At the end of the incubation
period, the bottle was removed from the water bath and the contents were cooled
to 220, The cell suspenéion was centrifuged and rinsed with Earle's soluﬂion

as previously described. The cells were suspended in 1 ml of Earle's solution
and 1 ml of "challenger" virus, whose titer had been previously determined, was
addefle After a period of contact of 15 minutes, the cells were rinsed again
with Earle's solution and suspended finally in 5 ml of maintenance medium which
was placed in a siliconed bottle. This was incubated in & water bath at the
tempcrature desired and was subjected to a rotary horizontal agitation of 70 rpm
during the entire period of virus development. At hourly intervals, an aliouot

of the mixture was removed, cooled to -60°, and stored at «70° until it was

titered.
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2. Contrel ‘ssav of The Interfering Virus = To 10 million KB cells suspended in

1 ml of Farle's solution was added 1 »l of a suspension of interfering virus

whose diter hod been previously determined. Contzet was maintained for 15 minutes
afver whier timn the eells were recoversd by centrifugation, washed ss previously
descrited, and fuspended in § ml of medium. The suspension was ineubated in 2
siliccned bettle in a water bath at the suitable temperature of 36° with rotary
aiivntien,  The development of the virus waz follewed on an nour-hy-hour basis
durin the entire cyele using the technigues previcusly described for the deter-

minaticn of interference.

3. Centro) Assay of The "Chsllenger" Virus = One obtains a unicue cycle for the

"challenger" ¥irus under the conditions identical to those of the interfering virus.

RESULTS

l. Vasiaticn in the depree of interference 3g a function of tiie ratio of inter-

ferins virns to "challenger" virus = Three series of experiments were carried out

each varying from the other in the quantity of "challenger" virus employed. The
dose cf interfering virus was kept consient st 1 PFU per cell, In the first series,
tre dose of "challenger" virus was 1 PFU per cell. Inthe second, it was 10 FFU
per ¢ell., In the third series, it was 1CO PFU per cell.

Figure 1 demonstrates that the degree of interference varies-as a function
of the ratio of the gquantities of virus employed in each case,

By employing lesd-times with the 3nterfering virus of 30 or 60 minutes, one
observed: (1) that interference isc§;§i§;§ wvhen the dose of "challenger" virus
and interfering virus are eoqual; (2) That interference is partial when the dose
of the "challenger" virus is ten times higher than that of ihe interiering virus;
{3) that no interference is produced when the "challenger" virus dose is 1CO times

higher than that of the interfering virus.
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~iatian in the deeree of interforence zs a funetion o7 the time in

~ mivyrn to the interfering viruzs <« In the preliminary tests, we demone

+7 that interference is produced by doses of interfering virus which are
lzen thon the mmber of cells involvad in terms of PFU., As 2 resuli, vwe
Truontlonally selected the weak dose of 1 PFU per 1C eells both feor the inter-
fering virus and the "challenger! virus in the experimeni. wvhere only the lead=-
vimo accorded to the interfering virus was varied.

It is demonstrated in Figure 2 that (1) simultaneous adsorption of the two
viruses does not produce any interference; (2) a lead-time of 15 minutes for the
interfering virus is sufficlient to produce interference to that obtained when
the lead time is 30 minutes; (3) when the lead-time is increased to 60 minutes,
the degree of interference is very marked and is about 90 4, Thus, under the
conditions of these experiments, interference appears to occur quite early in

the cycle of virus develcopment.

3. Scparation of plaque-forming infectivity and the interfering capacity. -~

The production of interference by a number of PFU less than the aumber of cells
implies the presence of particles possessing interfering activity but lacking
the poiential to form plaques. This observation required the necessity for an
enumeration assay., This was carried out during the course of the interference
experiments by varying the number of cells used and keeping the dose of the
interfering and “challenger" viruses fixed.

Figure 3 demonstrates that (1) for 1 PFU per 10 cells and per 20 cells,
the interfering capacity is prodounced; (2) that interference is still detectable

with 1 PFU per LO cells; (3) that it is lost at 1 PFU per 60 cells.
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1. Preof for the interference ohencrenon botween stroins of the same Lvoe =

Pased on a consideration of the SOT of the Interferin- virus, we ches~ a {ompera-
ture wiere e reducticn of its rochinnism of reproduction approachod 95 9.

Thae piineiple of our experiment, as o conscouence, was internodicry boiween
vhose corried out by Ledirko (1) znd Cerds ond Yolland (2) who allowcd intere
f~ring strains to develer and thoese of Pohianpelte and Cooper (3) who did not
allow the interfering strain te develop,

Nevertheless, our results are cormparzble to those obtained by these other
authors particularly with regards to the followi i:

\\“tih Vith weak doseg of interfering and "challenger" virus, 15 mimutes of
lead-time is sufficient to produce about 50 %4 of iaterference.

£2) The interference produced by small amounts of interfering virus can be
overcone. This is stili possible even after a lead-time of 60 minutes for thé
intrr{er’_ag virus when the nquantity of "challenper" virus is inereased sufficientlye.

It is obuieus, therefore, that a strain of interfering virus, restricted to
slcw development, during the first 15 minutes of its cycle of reproduction is

copable of restricting the development of a second virus of the same type. .

2« EScnaraticn of Placue-forming infectivitiy and Tnterfering capabilities =

Wiik regards to the interference produced by jion-plaque forming particles, their
relative importance is high when one employs small gquantities of virus. Our
ctservations have contirmed, therefore, in a simple manner, that the viral clonal

population has & cemposite functional ceondition (8,9).

This work was supported by the Foundation for Medical Research (L:z

Fordation pour La Recherche Médicale),
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