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FAVORABLE INFLUENCE OF THE INFLUENZAL VIRUS
ON ASSOCIATED INFECTIONS

Paul Bordet ant Lise Quersin-Thiry. Extrait desg Annales
¢z L'Institut Pasteur, Avril 1953, Vol, 84, pp. 1-8.
Tanslated by Bernice MacDonald.

In s previous article (1) we have described the effect of
intraﬁéritoneal inoculation of influenzal virus on the guinea
pig, placing in evidence the increase of receptivity which this
inoculation determines in regard to the Pfeiffer bacillus into=-
duced the same way. Let us recall briefly that the injection
of 20,000 hemagglutinant units make an abundant and fiuid exu=-
date appear regularly coming out under pressure when the peritoneun

is punctures 24 to 48 hours after inoculation, and which, under

" microscoplc examination, is characterized by the great frequency

of leucooytic pycnosis images, Observed in the_peritoneal cavi-
ty, a very ascaptic millieu, of an animal not receptive to the
influenzal infection and in which the virus does not multiply,
the eflects of wmature manifestly toxlec contribute to clarify

the physiopathology of influenza. They seemingly allow, in

partlicular, the explanation for the only toxecicity of the virus

- the flashing forms of influenza which has been observed in the

course of the epedemic of 1918-1919 and whiech, in the autopsy
showed the lungg full of serous exudate. The experiments related

in this preceding articleshowed that the guinea pig having re-
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celved such.a dise manifest, in regard to the Pfeiffer vacillus
intooduced on half hour later in the form of culwvure on bloode
boulllon aged 24hours, a sensitivity 4 to 6 times grater than
that of the test.

Fecllowing this résearch we have recorded the new results
wnich we record in this second article. _

From the very first we have stated that the differences
in receptivity to the Pfeiffer bacillus, between tes gulinsa
pigs and -ithe one inoculated with influenzal virus, appear very
RULa &ove avvaone tadn in our previous experiments, if izstead
of using the cultire of that bacteria on glood-bouillon, one
inoculates in the positive of culture on solid media, -

The straln of Pleiffer bacillus used is the same as that
used in previous tests., In view of its inoculation, 24 hour
cultures on continuous beds on blood-gelose are diluted after
elemination of bottom liquid, in the boulllon diluted to 1,20
in physiological solution. The guineapigs used always welighed
between 300 and 325 gr. The eluat of virus, titrafing most often
8,000 hemagglutinat units,per ml., is injected at the rate of
20,000 units, are usually under a volume of 25 ml. The guinea
pigs before serving as tests receive the same volume of physio-
loglcal solutlion added to the product of laquage of hematites
which give 1t a rose color at leat eqaul to that of the viru-
lent eluat, We do not recall her the ms.nod of preparing
this eluat: it has been described in our préoodins article.

dccording to our tests;w¥hiehihavh-yislded:33 animals,
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the fatal dose of Plelffer bacillus for the festcguinea plgs

is located around £ of culture on blood-gelose, dose which kills
half of the number of test guinea pigs ( out of 6); death
regularly follows the injection of a dose greater than % culture,
on the other hand, the injection of 1/8 of the culture has killed
2 out of 7 guinea pigs; and the injection of 1,16 of culturs, or
a lesser dose, always has been followed by recovery:. In the
guinea pig inoculated % an hour before with eluted virus (20,000
units), the fgtal dose, in our experiments which have carried up
to 42 animals, was often less than 1/1000 of culture, dose

which killed 2/3 of the guinea pigs (6 out of.9). In reality,
this piroportion of 2 cut of 3 deaths is verified for all the.
guinea pigs (25) which after inoculation of influenzal virus,
Yave recsived the doses of FPfelffer bacillug comprising between
1/250 and 1/4000 of»oulture; the mertality is constant for these
very high doses. The injJection of 1.,1000 of culture is therfore
often fatal for the gulnea pig inocualted with influeazal virus
althoughit is only % of culture for the test guinea pig. One
makes sure, certainly, for other tests, that the dose of virus
inoculated (20,000'units) is regularly well tolerated, that this
has already been established in our preiious article, where we
have shown that that does not represent the 1/8 part of the
fatel dose. Flnally in the animals which die after thooula-
tion of the Pfeiffer baclillus- death usually follows between

15 and 30 hours later- the generallization of the infection by
‘this bacteria has been regularly confirmed by inocualtion of

heart blood on blood-gelose.
3
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- the favorable influence which ithe influenza exerts, in man, on

Trerefore one can estimate on the average of 250, at leas?, -i
the coelficient of increase, under the action of the influenzal

virus, of +“he receptivity to the Pfeiffer bacillus; this coeffi-

cient 'occassionelly attains 2,000. This varliation observed

using the Pfeifler bacillus on solid medla 1s therfore consider-
aoly higner to those ( 4 to 6) which we have indicated in our
previocus tesius, allow the use of culture in blood-bouillon,
Possibly this difference is due to the fact that the cultures

in liquid medlia conatian the toxic proverties which the action
tends o disgulse the one ascribable o the virulence of wue germ,
However thet may be, itels evident thatithelubeliofreulzires on
80114 media lmitate the best conditions of natural contamina-
tion; also, the observations to which it has given place seenm

to furnish an experimantal reppoductién particularly true of

the infectlion by the PF&iffer bacillus.

The considerable variation of senaltivity between the test
guinea pigs and the influenza guinea pigs allows tﬁe estimation,
whichwe could not do in previous tests, of the influence of
lesser doses of influenzal viruses on the receptivity to the
Pfeiffer bvacillus,

One injects 1/2000 of oulture of the Pfeifferbacillus on

blood gelose- or 1/50 of the fatal dose for the test

animal- in the peritoneum of the guinea pigs having received

haXlf an hour before, the influenzal virus corresponding

in quantity to 1,250, 2,500, 5,000 and 10,000 hemagglue

tinat units while a guinea pig having received 20,000

units is inoculated with 1.1000 of oculture of Pfeiffer

bacillus,

The sesitivity to the Pfeiffer bacillus therefore dedinishes

&
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.. »épl@ly when the dose of virus inoculates is reduced.; if the

latter does not exceed 5,000 units the guineapigs, in effect,

resist the injection of 1.200 of bacterial..culture. Neverthe-
less, we have steted that, the gulnea pig dies upon injeciion
of 1/5C of culture of Pfeiffer bacillus and therefore manifesis

again a greater sensitivity which is tem times that of the test!

T G Y

In this respect, a striking parallelism 1s ascertained between

e L

the degree of sensitiviy to the bacterlal infectlon and the ia-

portance of toxic effects caused by the virus and which we have

described in our previous article: the frequency. of leucocytlc
: pycnosis images are not clearly marked after the injection of
& dose corresponding to at least 5,000 ﬁnits. and the abundance
ofthe peritoneal exudate diminished rapidly with the quantity
of virus inoculated; the semsitization to the Pfeiffer bacillus
is therefore not clearly:marjed except when the toxic effects
of the virus are apparent,

Again we point out that the increase of sensitivity to the

infection by the Pfelffer bacillus is attested not only when
the virus is inoculated shortly before the bacteria, but also

i2 it is an hour, and the same fiverhours afterwards: the
sensitization action of the virus therefore appears rapid beuause
it declares itself when the virus is inoculated only several

hours after the bacteria.

*7 %

'Thb importance of the vafiation which separates the fatal
doses of influenzal virus and the Pfeiffer bacillus according
to whether the virus and the baoteria are used concomitanly




or separately indicates that when the association of the 2 germs
entall the death of the animal the latter 1s not due to a simple
accunulation of thei:r respective pathogenic actions but is the
resultof a2 sersitization of the orzanism, on the toxic action

ol the virus, to tne infection by the bacteria. But it is
evidently-advisables for research .if this:sensitizatlon manifests
itsell speeially in regard to the Pleiffer bacillis cor LI its

~S ailso cbserved in resvect to anynpathogenicngerms do not
behave as assoclated to the progress of the human influenza.

V2 have had recourse, for this purpose, to colon bacillus,
whose iniraseritoneal inoculation of the gulnea pig easily causes
in this animzal a Jatal seprecemia. But, in operating under iden-
tical conditions to those described below in regard to the Pfelffer
bacillus, we have observed, under the toxic action of the influ-
enzal virus, no incresge of sensitivity to infection by the colon
vacilivs, when the minimunm fatal dose for the strain we have
used (E. colis Vi), is about 1/20 culture on selose., Decause it
concerns cholera vibro (Insba strain) which we have tested equally
in this regard, the minimum fatal dose for the guinea pig lnoou-
lated with influenzal virus is 3 of culture on gelose, appears
about equal to 2 of that fatal 3dose (1 culture) for the test
anizal. But the inoculation of heart blood in the animal having
died by tae imocuvlation of vibro delay sterile material.: the

8light difference of sensitivity observed cannot therefore de

consldered a8 showing a favorable influence of the virus on the
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cholera inleciion and it 1s explained probably by the accunulao-
ticn i1 the “influenza' animal, of the toxic effects of the virus
and the vibro.

Vi7e have on the other hund extended our research to 2 other:
bacteria, frequently responsible for complications in the course
of human influenza, the pneumococcl and the streptoococci.

Harford, Leidler and Hara (2) have recognized that afier
inoculation yith influenza virus the respiratory way, the inhala-
tion of pueumuvcocei caises in the mice a very serious infection
which 11 the absence of the virus had already caused leslons
mioroscoplically discernable from the tiéme the pneumococal were
introduced.

Although, in the technique which we usey the inoculation
of the bacteria follows by only % hour that of the virus, we have

observed aclear difference of sensitivity to he pneumococci in-

fection, amons the guinea pigs inoculated with virus and the fesic=

guinda pigs. For the strain wehave smployed the fatal dose of
- the test animal .13 of 1 whole culture on blood-gelose, 1t is
»3/10 of oulture for the gulnea plg previously inoculated with
irfluenzal virus. ‘he variation of sensitivity os therefore !
to 10,altaough it is very #ppreciablo it is therefore much less
than that ascertained for the Pfeiffer bacillus.

According to Carlisle (3), intanasal inoculation in mice
of an infra-fatal doao‘or influenzal virus A weakens the resis-
tance of the animal to a hemolytic streptococel of group C
subsequently 1atoduced the same way, it is from 4 to 12 hours

7
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aver the virulent inocualtion that the sensitivity to the strepto-
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cocel 1s nmaried the bect; at tals nogent tiae fatal dose, accord- )

ing vo the author would be 1C tirmes less than in the test mlce,

Ve nave used a strain of hemolytic streptococcl recenily
isolated from an anginose exudate znd waich in the peritonesl
caviiy of iae guinea pig have stronsly encysted (saceulated)
shapes. In vhe %28t guinea piz, the minimum fatal dose is 2 of
24 hour culiure on blood-gelose; death follows in 13 to 24 aours
and ine gera can b3 seen in the heart by inoculation of biood-
gelose. Operating under identical conditions to those described
below in rezard to germs already studied we have ascertained
vead efter inocuigtion with 20,000 units of influenzal virus,
the fetal Gose of the streptococci 1s found to drop to 1/400
or /860 of cultura. The coefficient of increase of receptivity
uncée> the toxic sction of tne influenzal virus is therefore
betwesn 100 and 200, In addition the "influenza" guinea pig dies
occasslonally of inouvulation of doses weaker than streptocovci:
1/6400 of culture in one case,

- It 1s therefore in regard to the Pfeiffer bacillus and thi
hezolytic streptocccel that the sensititzation, under the toxie.
action of the influenzal-virus proves the stro ngest; well narked
with respect to the pneumococel it is nil with regard to the
colon bacillus.

andre Govaerts sctdaily tested in our lsboratory if other

viruses possessed certain properties of the influensal virus,
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such as the mumns and that of the Newcastie disesse, equally
divided with % the Javorable:influences described below.
¥y

Cn the other hand we have chosen the study to which ws hava
alluded brieily in our preceding articel, cf the possibie ratio
uniting, to the infectious power and the hemagglutinat power, ihe
properilies of virus responsible for the toxic effects which we ne
kave descrived. <t has been indicated to us that like G, Henle
end Y. Henle (4) have pointed out, the.toxic power is a little
more sensitive to heat than the infectious power, but this.
difference in sensitivity is skight and difficult to yprove,
ithe toxic propertles concerned in our experiments are completely
abolished by heating for 30 minutes at 58°, On the other hand,
the independence between these properties and the hemagglutinail
power, a little more resistant to heat, seem to us to establlished

by ther experiment that follows.

4 portion of virulent eluat obtained is heated for an hour
at 58° in a buffered physiologie solution and the hemagglutination
tiser 1s equal to 1/8192., This heating 1s to reduce the titer
to  of 1ts initlsl value, that 1s to 1/2048. But the intra-
peritonela injection of 10 ml, of this eluat does not produce
any of the toxic effects we have described, whereas the latter
appear with thelr usual characteristics, after igjection of an
equal volume of the same e%uat used cold, but previously

dilubed to 3 and whose hemagglutinat titer 1s equal to the
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nzeed elucw., Various other results, in addition contribute to
Jamenil ruie the Andevendsrice between the toxie po:eés and the
nemas lutinat ﬁower. We voint out that & virulent suspension
Caprived of its enzymatic power by heating to 56° and whose
aeuagziviingd Vilter 1s 1/2048, Soes not lose any of iis capacily
To reiezse L1us toxic powers, if by previousmixiag to anuegusl
¥eimie 0 ovoiusizae(i) 1ts titer has been lowered to 1716
whereas of course the injectlon of the saze virulient suspensioa
iowsred the titer to 1/16 by dilutions, remains without edfect,

180 we point out that the injection of 5 ml. of cholera
Pilirave {2) rica~in enzyme RDE, done anrhour tefore taai of &
virulenv eluay does not affect any of the toxic effects of the
latier.

We conclude by a few compvlimentary pleces of information

collected in the course of our regecrch. We have observed that

the virus deleay suited to produce the toxic effects “whénsomxuinocus

lates it adsorbed on red corpuscels, bhichnis-not astonishing
because, &as oneaknows, the virus absorbed elutes itself at 379,
It is very interesting that the toxic effects are equallj estab-
lished when the virus ldjected i1s adsorbed on aluminum hydrate
like the foliowing experiment shows, One adds to 5 ml. of
virulent suspension with a titer of 1/8192, 1 mi. of aluminum

hydrate suspension, and leave the mixture for 24 hours at 4°,

1) She ovomucédne has been prepared according to the methed of
L. Gottschalk and P. Lind (Brit, J. Exp. Path. 1949, 30, 85).
2) Filtrzte obtained at.the expense of cultures of the straln
Z4N in semi-fluld media, and tliteres at the point of 1its
stretching into enzyme RDE, followini the tenhniggee used by
. Nihoul (C.R. Soec. Blol. , 1951, 145, 1891)., *he titer of the
preparation used was 1/320. ,

10
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Tne viter of the suverastant liquld seperated then after centui-
fugation os not more that 1/64: almost 211 of the virus is there-
cr& fixed on the mineral precipitate. But, the residue, contalned

in 2.5 ni. of buffered physlolozic solution causes to appear after
intreperitoneal injection, an exudate which examined éfter 48
hours is different form the exudate collected in the animal
which has received the same quantity of aluminym hydrate, not
only by iis abundance but alsoc by the extreme frequency of the
polynucisustpyenosals,

72 have already pointed out in our previous articie that the
pycenosis of polynucleus is not perceptibel until 24 hours at
least after the intraperitoneal injection of virus, Werhavs
gtudied lateriihe effects of virus on leucocytes would not be
perceptible more raplidly if the latter was injectied in the
peritoneul cavity already containg leucocytes whase formation
has bsen caused by & broth injection done 6 or 7 hours earlier.
The only apparent modification to the test doen 2%hours after

inoculation of the virus, consists in an agglutination of the

. cells of the exudate, which to the fact that the influenzal virus

agglutinates the white corpuscles as well as the red,

SUMMARY
(1) The use of cultures of Pfeiffer bacillus on solid medla

(blood-gelose) reveals much more then those cultures gp liquid

media (bouillon-blood) than has permited ud to make préviously,

the favorable influence of the toxle effectd of the influenzal
11
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virus on ihe infectlon by that bacterlia. For the sirain which

we have usel the dose of culture on gleose-blood which injected

o

intraperiioneally, causes deata by septecexta; is about % culture
in the tesi animel., On the otner hend this fatal dose varies
according o the onimal between 1/250 and 1/4000 of culture, in
the guinea plgs having received the same way a half hour earlier
a dose c¢f influenzal virus which although less than the fatal
Goses dulfices to cause the toxlie effects which we have described
previousiy and waich canaist in the production of a very abundant
serous exudate charsacterized by the freguency of leucoeytic pye-
nosls images. On an average the variation of the doses of Pfelffer
bacillius respectively fatal for the "influenza" guinea pig amd
for the test guinea pig is 1 to 240 ai ieast. -

(2) The considerable decrease under the action of the
influenzal virus, cf the fatal dose of Pfeiffer bacillus cannot
be explained by the simpleraccumulation of the respective noxious
action of the virus and the bacteria, bit it is more attributable

to a sesitization produced by the firsr in respect to the second.

In effect, under the same experimental conditions, the fatal

dose of a bacteria such as coloen bacillus, is not a normal
assoclate oIl the influenzal virud, appears tne same in ?influehza”
guinea plgs and the test gulnea plgs. Under the d&ame conditioﬁs
the pneumococel kill the influenza guinea'plg with a dose
approximately 10 times less than the ddse which kills the test
guinea plg. For a hemolytic streptococci, the variation has

been guite conslderable- between 100 and 200, Among normal

we s LA -12
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8ssociates of the influenzal virus, the Pfelffer bacillus and the
streptocccel, appear therefore particularly suitaple to obhtain
_benefits from the toxic effects of the virus.

(3) The toxic effects produced by the intraveritonsal
inoculation of influenzal virus in tae guinea plg appear inde-
pendent of the hemagglutinat properties of the virus. The toxic

¢ power is in effect more sensitive to heat than the hemagzlutinat
power; on the other hand, the toxel action of the virus is not
affected by the previousnmixing of the virus with:sovomucine
which , as 57 is known, reduces considerably the hemagglutihat
power. This toxle action manifests itself again if the virus
befors being injeched has been adsorbed over aluminum hydrate.

In conclusion, the favorable.influence--well known in man--
which influenza exeilis on certain assog;ated infections, reveals
a toxic action of the influenzal virusy It is manifestel without
delay after injection of a massive dose in the gulnea pig, not
receptive to the 1n§luenza4%nrection. The increase of sensitivity
under the toxic action of the virus 1is ﬁil in regard to the colon

- bacillus, is moderate ( 10 times) with respect to pneumococel,
but it is considerable in regard to the hemolytic streptococel
(100 to 200;times) particularly with respect(df)the Pfeiffer
bacillus ( at least 250 times), /) -
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