
MICROMETHOD (F !'iRU'. NEUTALIZATTONJ OF I ,LIOMYELIT]S.
USE OF CELLULAR CULTURES ON MOLDE.D ILA6TIC I LATEL

gollowing is a translation by G. Barski and 1'. Lepine of
the Institute kasteur, Virological Service, presented to
the French Society of Microbiology, session of 1 April 1954,
1.ublished in the Annales de l'Institut iasteur2

The importance of neutrali1inr antibody research in clinical or un-
detected poliomyelitis has been demonstrated in innumerable articles deal-
inj with individual diagnoses or epidemiology or immunology of this affec-
tion.

The practical interest in a test of serum neutralization whose tech-
nique is simple, rapid and sure-fire does not need to be stressed. In fact,
only a method which can be applied on a large scale, will allow us to re-
solve the problem of discoverinp Individuals who do not have neutralizing
nr tibodies, a problem of undeniable importance from the epidemiological
veipoint.

Until recent years it was necessary to use animals for these serum
rictrnli.v ' ior. tests wjth polion, Clit s virus: mronkeys for types I and III
an•d rice for typ•e Il Li, 2, 3, /. ýTranslator's Note: The bracketed
nu:,ernls refer to the bibliographical references listed at the end of this
article]. According to .nders, Weller and Robbins 55, 7 it has becon~e
i.ossiblc to use human or simian cells cultivated in vitro in this test.
The roller tubes method has been and still is the one used m.ost frequently
in practice.

The roller tubes method requires first the preparation of a large
number of human or monkey 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 i;rowth 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 clls, the
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neutralization tests of the virur uitn tI!, r i.t r study, am the place-
-.ent of the cells into the vi:rus- , - -t -r' jr auo at the same tines
Lhe results are obtained within L. ' h- irc.

Furthermore, a micro-react' r 4,vi,,ri which ,roved particularly
econoaical: the volure of scrx: r :;..hr- :r ttic" !u;rose has been re-
diuced tc a dro; per test, i f., f'r f-..i, irciudir47 the proof. The
quantity of cells and the volumc o' : , -. _ h:,ve also been reduced to a
-rZn _- i*n the same proportion, in. "e, tn 7rrix. .lays a double role: it
particijates with its antibodiles in r'*,•i:t -r. reaction of the virus,
and at the sane tire, by its trer(n. , " or.. s the medium, and there
plays an essential role in the ,rcwtii 'i.. '-er.c, of the cells.

Descriptioýn of th,- :.etho`

in order to arrive at a practical accomi lishment, it has been neces-
sary to first solve many technical problems: 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 medium which would
assure good growth to the cells and ir.orphological stability (the absence of
non-specific degenerescence) in a very small volume and for a sufficiently
long time for the specific cytopathoCenic effect to be able to be produced
in significant quantities; 3. to find the type and material for the equip-
ment with many containers allowin, for the execution of these test series
and the easy and direct readinE of the results.

Cellular Cultures. We have described in a recent article [-72 the
conditions under which we have obtained re-unable cellular stock starting
with muscular subcutanean tissue obtained by autopsy fror new-born infants
(primarily among prematures from 6 to 8 Pcrths). We recall that the medium
utilized (entitled M27) was composed of 201, hu:%an placenta serur,, 4,5% cow
amniotic liquid, 10% bovine embryonic extract ann 25% Hanks solution. §ee
INote7 The composition of this melium was decided upon after ve ry any con-
;arative tests as the most responsive to the demands of very rnid cellulair
",:rourth, accompanied by a rirdmum, of non-siccific degenerescence cf the cells.
.he se- aration of the Lrimary culture is relatively slow ar.d it is only on
the second or third turn that we obtain very many fibroblastic cultures pro-
liferating very rapidly. The re-runs are made every 10 to 15 days vith
r echanically reduced cellular material in a state of suspensior which is
ioured into a thin plasra layer so as to obtain the r.ost uniform, -rcwth
iczsible. These cultures constituted our stock of cellular :-.aterial for
the reaction and it was renewed constnntly.

LNote: Amniotic cow liquid pre;,ared according to i_-nders /-]j was
,rovided coim-mercially by the Renard Laboratories, 32 Avenue Herri-Barbusse,
Clichy (Seine)2

The cellular material for the test was prepared in the s&-e 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-
ment to a very fine powder and suspended in a mixture of equal parts of em-
bryonic bovine extract (EEB) and anniotic liquid (LA). For a plate with
25 test units, two to three tubes are sufficient.
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Virus. We used for our suspension tests, three stock ty¢pes of virus:
Mahoney type I), ý"F (type I1), and Saukett (type 1Il). These suspensions
came from cellular cultures in a medium suggested by Enders L 8_7, later
called 1-, and containing 90% amniotic cow liquid, 5% horse serum and 5%
embryonic bovine extract. Following centrifugation for fifteen minutes at
5,000 rpm the suspensions are distributed into ampoules and stored at 750C.
The infection power which varied from 10-4* to 10- was maintained practi-
cally unchanged fo- several months.

P~lastic 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 honeycomb consti-
tuting a test unit. To make these plates, we chose plastic araldite B, a
polymerized ethyoxylic resin Z-9].

This material has certain s.ccial qualities which will be explained
in detail in another publication li]. 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 0 C.
The molding of this material is relatively easy and we have been able to
make plates measuring 120 x 120 rnm, 8 mm thick, each containing 25 flat-
bottomed honeycombs measurinC 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
microscopically 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 rmm) allows us to place it without difficulty upon the microscope
slide and examine it across its entire surface.

I!Keasurement. All the constituent materials of the test, the cellular
suspension, the serum, the virulent suspension, and the medium are propor-
tioned droiwise with Pasteur pipettes with calibrated spouts. Calibration
is accomplished by means of the device described by Lepine and associates,

_T2"7 Each drop contains 38 to 40 mm3 of liquid.
Test Execution. The operation is started by moistening the bottom

of all the honeycombs of the plate using a sterile pad drenched in milksop
plasma; 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 advarnce, is deposited in each
honeycomb. Next, according to an established operational procedure, the
ser=, to be tested is added at the rate of one drop per honeycomb in the
horizontal row, and again at the rate of one drop to the three first verti-
cal rows, virulent suspensions of the types I, II and Ill. The fourth
vertical row, reserved as a control row, receives a drop of the ýiL medium.
To complete this and to give the -wdiur a composition approaching that of
1.27, we add in each honeycomb two drops of a mixture containing 80% of
amniotic liquid (LA), 20% of Hanks solution, 200 UO of penicillin and 50pAg
of streptomycin per cubic centimeter.
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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 1. oraid.te kce te u.! d prlfor th n ser erv edutralerio thest. The firs
honeycoenlaroemens covre ithe anto adhsiv est lloehaneyctabe.
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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 antibdies: 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 hori7orital ro,. (scotch tape), which
adheres very well to the araldite surface, provide] it is dry. The contact
made sometimes between the honeyco7,b corntcnts an] the adhesive surface does
not affect the state of the cells. The a:.herence of the adh-sive to the
araldite resists well the oven tcr.. -r-i; rý •.r, the water tictheems as well
as the separation of the honeycor b, >uri: *..- tests are perfectly' well as-
sured. The entire plate -s covered vi'.h -" dlss slide of the sv,,- dimen-
sions as the araldite plate itself, r vl~iin - ddlitional safety.

The jlates thu. lreparcl -irr i," - .tir: at 37,0 and we prccecd to the

reading of the results aftcr *." hr
Xes'iLts. Th.ý cellular sisz-,sin t.i tcst is comeosel )f

snall cellular agglorerates and it 1 itI •h it some "blank" plas•L
fragments do not contain cells. Thnrý.A'cr,,, -n,- ,:iular material havirg
been reduced to "duut," the divisior of the sarvivinr cells is sufficiently
uniforn, for them to be representea i: eci, honcycor.b in adequate nu;-bers.
Their growth at the bottom of the rI cretcoobs, in a medium which in practice
does not differ from 1,,27, is cxtre->,y rnyid: at the end of 2. hours, it

is already considerable, and after 4A ýiours it 1,enerally covers approximately
half the honeycomb surface. In the absence c!' ar, active virus, the state
of the cells Is highly satisfactory for four to five days. However, at the
end of 4.8 hours, in those honeycombs wher, tnr 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
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charactf-istic aspect of highly advanced specific degeneration. (See Fig-
ures 2 ari 3)

We completed, for verification purposes, 72 tests of serum neutrali-
zation with human 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 observations JC27, 'Is •'rll as those of other authors, •1,
1l47 demonstrated the possibility of obtair.ing a rapid cytolathogenic effect
with highly sensitive ccll -laced nctr *,oiioi.yelitis virus which car. be
distinrgished at the end of 24 to .'L. hou-rs.

It nust be stressed that the iru-c-d-ture cells, used to in vitro life,
always present two -raJor advantages with reslect to freshly obtained tissue:
1. they dispiay a ver-y high degree of celivthar and growth migration 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 cytopathogCric effect always becomes
higher than that of freshly obtained tissue Z-L7.

The attempt to use cellular suspensions taken directly from the or-
ganism and particularly suspensions of artificial ascidian monkey cells
yielded frankly negative results in this sense. Suspensions of renal tissue
of monkeys or hurans have also proved less appropriate for the ; urpose
sought than ceils originating from several revived cultures. In turn, the
cellular stock He La, isolated by Gey in 1951 from a human carcinome, and
then cultivated in vitro if and highly sensitive to the poliomyelitis
virus J27, appears to be well suited as cellular iýaterial for the r•ethod
described.

LNote: This stock was for%arded to us by D:. Chaflottc Friend of
the Sloan Kettering Institute of Xow York and by Dr. Audrey Fjelde of the
Copenhagen State erum. Institute]

it is assured that the fx':tl t. o.' the viruir on the (cll is ý,ract,-
cally imiossiblc in the presence c!' s, cclfic nrutr-lizir4 T Intibodie-. In a
recent ýullication, X. Ledinko and . L. :-enick /t] denonstrated in Tar-
ticular that as far as poliomylitic virus in vitro was conrernedj, the
probability of its being- fixed on srrzitive cdIln is reduced to a :inimw-
in the particular case where the vir-us arjý the .ruos, cnntalnir. an:.tibodies
are introduced si;•ultaneousli in th, rcll culture. :e fully co irred these
results and this finding is the basis of our tcchnque.

The fact that at the x-oncnt of initiati.g the teot of the cIi ular
naterial, Even in a free state o!" us; enslon certai:nly facilitates larcey
the interaction between cells and virus, nndý cells and artibodies. The F -
tection of the cells bl specific antibclicEs occurs aparently very ra idl-
because in some of the 123 cases of our tests where the antibodies against
the giver, type of virus were present in the serum, the virus did not produce
a cytopathogenic effect despite its high concentration.

We also note that by agitating during one hour in the .ixing process;
of the cells, serum, virus and mediun, the instant the reaction was started,
the test proved useless and we abandoned it.
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We cannot presently provide defirite quantitative evaluations con-
cerrdng tolerance limits of our terrs. Therefore, it is possible for us
to provide some emlirically establinhed relationships.

At the moment the serur. is .laced near the virus it becomes diluted
in a 1:5 ratio whirh corresponds a.Djroximately to the serum neutralization
conditions used in other methods L1/.

The concentration of the virl.s -•2Lennions e:oployed by us is particu-
larly high. This concentration appears to be useful to obtain the utmost
rapidity and completion of the cyLun aho7enic effect, but it is not impos-
sible that it could be lotrered without anj ill effects. According to our
observations, all the sertu-, tested by this method, and which contains anti-
bodies, precludes the cytopathorenic effect of the corresoonding virus very
definitely despite the high virus concentration. In all our tests, the
classical :.,ethrnd of the roller tubes was used as a control test.

Finally, let us add that the s&,re method has given us good results
for classifyin., recently isolated poliomyelitls virus, realized with serum
types prepared fror monkeys. The ,oney serum, in fact, may replace with-
out difficulties the hu, .an sirum in the honeycombs. In contrast, the horse
serur, accelerated the appearance of a non-specific degeneration of the
cells.

Attempts to carry out serological test series with living tissue in-
fected in vitro with virus werý carried out before us b:y Fulton and Arnitage
417. Therefore, in the Fulton and Arn.itage method, which in fact consti-
tutes a refine::ent of the flaitland method adapted to a multiple operation,
no true cellular cultnre is involved, but much more a tissue survival suf-
ficient for the ruitiplication of the virus. Fulton and his associates did
not predict a direct observation of the state of the cells in their cul-
tures, and in order to prove the virus multiplication they took recourse
to a second titration operation, for exam.ple, usirZ hemagglutination JL6_.

In contrast, our miethod, which has the advantage of reducing the en-
tire test of seru-. neutralization in cellular cultures to a single operation
followed by the reading of the results makes use of a true culture which
assures to cels not affected by the virus good proliferation conditions.
The use of araldite plates permits us to follow their development micro-
scopically without difficulties and without disturbing the test progress.
We believe that thls device could be usefully employed in other reactions
using a cell-virus-antibody systen.
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