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MICROMETHOD (F SERUN NEUTKALIZATION OF FOLIOMYELITIS.
USE OF CELLULAR CULTURES ON MULDLD rLASTIC }FLATES

[rollowing is a translation by G. Barski and I'. Lepine of
the Institute Fasteur, Virological Service, presented to
the French Society of Microbiology, session of 1 April 1954,
jublished in the Annales de 1'Institut Pastequ7

The importance of neutralizing antibody research in clinical or un-
detected poliomyelitis has been demonstrated in innumerable articles deal-
ing with individual dlagnoses or epidemiology or immunology of this affec-
tion.

The practical interest in a test of serum neutralization whose tech-
nique 1s simple, rapid and sure-fire does not neced to be stressed. In fact,
only n method which can be applied on a large scale, will allow us to re-
solve the problem of discovering individuals who do not have neutralizing
antibodies, a problem of undeniable importance from the epidemiological
viewpoint,

Until recent years it was necessary to use animals for these serum
neutralize' {or, tests with poliomyelitis virus: monkeys for types I and I1II
and rice for type 1I /1, 2, 3, 5} Z%ranslator's hote: The bracketed
rurernls_refcer to the bibliographical refcrences listed at the end of this
article;7 According to inders, Weller and Robbins /5, §7 it has becore
;083ible to use human or simian cells cultivated in vitro in this test.

The roller tubes method has been ard still is the one used rost frequently
in practice.,

The roller tubes method requircs first the preparation of a large
rutber of human or nonkey tissue cuiture tubes, with each tube constituting
a test unit. The preparation of these caltures, i.e., obtaining in each
tube a sufficiently large cellular yrowth requires normally seven to ten
days, and many maintenance and control operations. During a second step,
the serum under test is incubated with three types of virus respectively,
and then introduced in the tubes with the cultures.

The method which will be described below reduces the three opera-
tions to a single one. The cultivation of detectable cells, the
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neutralization tests of the virus w.ts U rit woher study, amd the place-
i.ent of the cells into the virus-sera. mlistire ic -ade at the same timeg
the results are obtained within 47 hinre,

Furthermore, a nicro-react: : ic Iivolived which proved particularly
ecoromical: the volure of seru: 1.--suar: Tor tnic jurpose has been re-
duced te a drop per test, i.e., for e, - trinl, including the proof. The
quantity of cells and the volune o th 1« ilu.. have also been reduced to a
ririrman in the same proporticn., ilerce, the rcoru. (lays a double role: it

rarticijates with its antibodies in the 1 i raiicalion reaction of the virus,
and at the same tire, by its prescrner, 10~ leves the medium and there
piays an essential role in the srowti &y ~xiciencs of the cells,

Descripticn of the lethod

In order to arrive at a practical accorm; lishment, it has been neces-
sary to first sclve many technical jroblems: 1, it was necessary to make
available, easily and regularly, cellular material of very rapid growth and
great sensitivity to the virus; 2. to conceive a culture redium which would
assure good growth to the cells and rorphological stability (the absence of
ron-specific degenerescence) in a very srall volume and for a sufficiently
long time for the specific cytopathogenic effect to be able to be produced
ir. significant quantities; 3. to find the typre and material for the equip-
rent wita many containers allowine for the execution of these test series
and the easy and direct reading of the results. _

Cellular Cultures. We have described ir. a recent article / 7_7 the
corditicns under which we have obtained re-usable cellular stock starting
with muscular subcutanean tissue cbtained by autopsy fror new-born infants
(primarily among prematures from 6 to 8 rcrihs). We recall that the medium
utilized (entitled M27) was composed of 20% hunan placenta serur, 45% cow
annintic liguid, 10% bovine erbryonic extract ana 25% Hanks solution. [See
Nong7 The composition of this me3dium was decided upon after very rany com-
jarative tesls as the most responcive to the demands of very ra;id cellulas
srowth, accompanied by a rinimum of non-specific degenerescence cf the cells.
The separation of the trimary cultiure is relatively slow ard it is only on
the sccond or third turn that we obtain very rany Iibroblastic cultures pro-
iiferatirg very rapidly. The re-runs are made every 10 to 15 days with
recharically reduced cellular nmaterial in a state of suspensior wnhich is
poured into a thir plasina layer so as to obtain the rost uniform ;rcwth
;ccsible. These cultures constitutled our stock of cellular vaterial for
the reaction and it was rerewed constantly. _

[Fote: Amniotic cow liguid prejared according to knders / o_/ was
rrovidea commercially by the Renard Laboratories, 32 Avenue Henri-3arbusse,
Clichy (Seine),

The cellular material for the test was prepared in the sare manner
as that used in the re-runs: after sampling and washing in an excess Hanks
solution, the entire growth zone is reduced by means of a very sharp instru-
nent to a very fine powder and suspended in a mixture of equal parts of em-
bryonic bovine extract (EEB) and amniotic liquid (LA). For a plate with
25 test units, two to three tubes are sufficient.
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Virus. We used for our suspensior. tests, three stock types of virus:
Mahoney (type 1), MEF (type 1I1), and Saukett (type III1). These suspensions
came from cellular cultures in a medium suggested by &nders / 8_7, later
called M&, and containing 90% amniotic cow liquid, 5% horse serun and 5%
embryonic bovine extract. Following centrifugation for fifteen minutes at
5,000 rpm the suspensions are distributed into ampoules and stored at 75°C,
The infection power which varied from 1074 to 10'§ was maintained practi-
cally unchanged fo= several ronths.

Flastic Containers. In order to be able to plan a rapid execution
of the test series, it was necessary to replace the culture tubes with
grooved honeycombed plates, arranged in rows, with each honeycorb consti-
tuting a test unit. To make these ;lates, we chose plastic araldite B, a
polymerized ethyoxylic resin [_9 .

This material has certain sgccial cualities which will be explained
in detail in another publication [1;7. Let us mention only that araldite B
has shown itself free of any toxicity toward live cells which can thus pro-
liferate directly toward the surface which was impossible to attain with
plexiglass., Furthermore, araldite has the valuable quality of being able
to tolerate, without undergoing any change, sterilization at 100 to 110°C.
The molding of this material is relatively easy and we have been able to
make plates measuring 120 x 120 mm, 8 mm thick, each containing 25 flat-
bottomed honeycorbs measuring 10-12 mm in diameter, with distances of 10 mm
between them. (See Figure 1)

Araldite is sufficiently translucid to allow an observer to monitor
nicroscopically through its thickness (50 to 100 times enlargement) the
cells at the bottom of the honeycomb. Despite the yellow color of the ma-
terial, the image is clearly satisfactory. The dimensions of the plate
{120 x 120 mm) allows us to plece it without difficulty upon the microscope
slide and examine it across its entire surface.

leasurenent. All the constituent materials of the test, the cellular
suspension, the serum, the virulent suspension, and the medium are propor-
tioned drojwise with Pasteur pipettes with calibrated spouts. Calibration
is accomplished by means of the device described by Lepine and associates,
[17/. Each drop contains 38 to 40 mm3 of ligquid.

Test txecution. The operation iy started by moistening the bottom
of all the honeycombs of the plate using a sterile pad drenched in milksop
vlasma; a microdrop of diluted embryonic extract {25%) is added to each.
The plate is lightly agitated: a few instances after the plasma coagula-
tion a drop of tissue suspension, prepared in advarce, is deposited in each
honeycomb, Next, according to an established operational procedure, the
seran to be tested is added at the rate of one drop per heneycomdb in the
horizontal row, and again at the ratc of one drop to the three first verti-
cal rows, virulent suspensions of the types 1, II and 111. The fourth
vertical row, reserved as a control row, reccives a drop of the ML medium.
To complete this and to give the mediur a composition approaching that of
27, we add in each honeycorb two drops of a mixture containing 80% of
amniotic liquid (LA), 20% of Hanks solution, 200 UC of penicillin and 50 ug
of streptomycin per cubic centimeter.




Figure 1. Araldite plate used for the serum neutralization test. The first
honeycorb row is covered with an adhesive cellophane tape.
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Figure 2. Normal cellular proliferation observed under the microscope
(180 x enlargement) at the bottom of a test slide honeyconb in
the presence of a serur containing antibodies: no cytopatho-
genic effect.
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Figure 3. View of the cells (same enlargement as Figure 2) ‘n a honeycomb
where the serum does not contain specific antitbdies: cellular
degeneration due to the cytopathogenic action of the virus.

To cover the honeycombs and isolate them from one another, we used
an adhesive cellophane tape over each horizontal row (ccotch tape), which
adheres very well to the araldite surface, proviced it is dry. The contact
made sometimes between the honeycomb contents and the adhesive surface does
not affect the state of the cells. Tae achererce of the adh~sive to the
araldite resists well the oven ter. ~ra‘ . ro ard the water tighiness as well
as the separation of the honeycorhs durin- *a» tests are perfectly well as-
sured. The entire plate s covered vi-h - :lass slide of the sar« dimen-
sions as the araldite plate itsel”, :r vi‘iin- adlitioral safety.

The plates thus prepared are Lieur-ton at 2797 and we preceed to the
reading of the resultis after 43 hours,

iesalts. The celiular sug;e-sior oad in thic test is comjosel of
srall cellular ag-lomerates and it is I» ~it:hlo that some "blank" plasru
fragmerts do not contain cells. Thrrefcre, inr 2o.luler material havirg
bteen reduced to "duut," the division of the surviving cells is sulficiently
uriforn for them to be representeu i:. cuci honeycort in adequate nuxbers.
Their growth at the bottom of the honeycorbs, in a medium which in practice
does not differ from M27, is extrews.y ra,id: at the end of 24 hours, it
is already considerable, and after &4 hours it generally covers approximately
half the honeycomb surface. In the absence cf an active virus, the state
of the cells is highly satisfactory for four to {ive days. However, at the
end of 48 hours, in those honeycombs wher: tne virus has not been neutral-
ized, signs of its cytopathogenic actior are manifest. The migration of the
cells starting with fragments has been reduced and the cells present the

-5 -



characte~istic aspect of highly advanced specific degeneration. (See Fig-
ures 2 ari 3)

We corpleted, for verification purposes, 72 tests of serum neutrali-
zation with huran serum, using in part the method described, and in part
the roller tube method. The results in each case have been identical.

Discussion

Cur own obscrvations 1797, ns well as those of other authors, [71,
1;7 demorsirated the possibility of cbtairing a rapid cytojathogenic effect
wvith hirhiy sensitive cclls placed near polionyelitis virus which can be
distirguished at the end ol Z4 to 4 hours.

It must be stressed that the ;re-ciiliure cells, used to in vitro life,
always present two major advantagcs with resject to freshly obtained tissue:
1. they dispiay a very high degree of cellular and growth rigration ac-
tivity which begins practically immediately after being revived; 2. their
sensitivity to virus, evaluated according to the final titration point and
the rapidity of the appearance of the cytopathogenic effect slways becomes
hizher than that of freshly obtained tissue / 7_/.

The attempt to use cellular suspensions taken directly {rom the or-
ganisn and particularly suspensions of artificial ascidian monxey celis
yielded frankly negative results in this sense. Suspensions of renal tissue
of monkeys or hurans have also proved less appropriete for the jurpose
soucht than ceils originating from several revived cultures. In turn, the
cellular stock He La, isolated by Gey in 1951 from a human carcinome, and
ther cuitivated in vitro [127 and hirhly sencitive to the poliomyelitis
virus [Tz , appears to be well suited as cellular waterial for the ncthod
described.

[~ote: This stock was iorwarded to us by Jr. Charlotte Friend of
the Sloan Ketterirg Institute of lLow York ard by Dr. Audrey Fielde of the
Copenhagen State lerum Instituhe;7

it is assurned that the fixsti 1 ol the virus on the ccil is pracli-
cally imjossible in the presencc of s;ecilic neutralizirg artibodies, In a
recent puhlication, M. Ledirkc and .. L. Melnicw [1/ demonstrated in yar-
ticular that as {ar as poliomyelitic viruc in vitro was corcerned, the
crobability of its being fixed on sersitive cclle is reduced to a ninlowr
in the particular cgse wherc the virus ani the serur containir; antitodies
are introduced simultarecucl; an the eccll culrure, Ve fully cordirmed these
results and this findirz is the tacis of cur technicue,

The Tact that at the roment of initiati:g the test of the celluler
-aterial, even in a frce state of susgjension certainly facilitates larely
the interaction between cells and virus, and cells and arntibodies. The ;ru-
tection of the cells by specilic antibodics occurs apparenily very rapidiy
because in somo of the 122 cases of »sur tests where the antibodies ajninst
the giver. type of virus were present in the serur, the virus did not produce
a cytopathogenic effect despite its high concentration. .

We also note that by agitating during one hour in the nixdng process
of the cells, serum, virus and medjur.,, the instant the reaction was started,
the test proved useless and we abandoned it.
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We cannot presently provide delinite cquantitative evaluations con-
cerring tolerance limits of our terts. Therefore, it is possible ror us
to provide some empirically established relationshigs.

At the moment the serur. is placed near the virus it becomes diluted
in a 1:5 ratio whirh corresponds agproximately to the serum neutralization
conditions used in other methods /14/.

The concentration of the virus suspensions erployed by us is particu-
larly hign. This concentration api~ars te be useful to obtain the utrost
rapidity and completion of the cylopathosenic effect, but it is not impos-
sible that it could be lovered without any ill eifects. According to our
observations, all the serum tosted by this methed, and which contains anti-
bodies, precludes the cytopathorenic effect of the corresvonding virus very
delinitely despite the high virus conecentration. In all our tests, the
classical tethrnd of the roller tubes was used as a control test,

Finally, let us add that the sane rethod has given us good results
for classifyinz recently isolated poliomyelitis virus, reslized with scrus
types preparcd {rom monxeys. The monzey serum, in fact, ray replace with-
out difficulties the hunan sctrum in the honeycombs. In contrast, the horse
scrur accelerated the appearance of a non-specilic degeneration of the
cells.

Attempts to carry out serological test series with living tissue in-
fected in vitro with virus wer: carried out befcre us by Fulton and Armitage
[T . Therefore, in the Fulton and Artitage method, which in fact consti-
tutes a refinencnt of the Maitland method adapted to a multiple operation,
no true cellular cultire is involved, but much more a tissue survival suf-
ficient for the ruitiplication of the virus., Fulton and his associates did
rnot predict a direct observation of the state of the cells in their cul-
tures, and in corder to prove the virus multiplication they took recourse
to a second titration operation, {or example, using hemagglutination [197.

In contrast, our method, which has thc advantage of reducing the en-
tire test of serw. reutlralization in cellular cultures to a single operation
followed by the reading of the results makes use of a true culture which
assures to cells not affected by the virus jpood proliferation comditvions.
The use of araidite plates permits us to follow their development micro=-
scopically without difficulties and without disturbing the test progress.
We believe that this device could be usefully employed in other reactions
using a cell-virus-antibody syster.
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