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SHORT COMMUNICATION

A ' ' SPOT-INFECTION TECHNIQUE ' ' FOR TITRATION AND

NEUTRALIZATION OF POLIOVIRUSl

KOICHI BABA, TATSU0 1<11\'10TO and 1<AZUKO NIORITA

Virus Laboratory, Osaka Prefectural Institute of Public Health, Higashinari-ku, Osaka

(Received I"nua, y 9,1973)

Two basic types of neutralization technique
have been used. The first type is based on
quantitative assay of virus, as in methods of
piaque counting or end point tube dilution or
in the microtitrator system (Takatsy, 1954 ;
Gwaltney, 1966 ; EUCci110,1969). The second
type is mainly based on the diffusibility of
serum antibody and the permeability of virus
into agar, as in serum diffusion methods (De
Somer and Prinzie, 1957; Kalter, 1957;
wecker, 1960; Porterfield, 1960; Diwan at al. ,
1963; Umeda at a1. , 1963; Burt and Cooper,
1961; wallis at a1. , 1965; 1<1yota, 1968;
Ajinamitani, 1968; Yoshino et a1. , 1971).
The first type of neutralization method is more
sensitive and gives accurate results, but re-
quires much skill and many, manipulations.
The sccond type was developed as a simpler
technique, but the most troublesome process
of dilution has not been avoided. with the

microtitrator system the procedure is improved
by, use of a diluter and microtransfer technique
(Catalan0, 1969). So this system has been
w'idely used.

\\Ie have developed a simple micro neutrali-
zation system in poliovirus type I and Vero
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cells using a newly developed " spot-Infection
technique. " This method does not involve
diluti, n (=I^256) and con b. d. ne with
samples of 0.02 inI of serum. In this system
only a small area of monolayer in contact with
the bottom of a hemispherical cup ln an agar-
covered-monolayer plate is Infected with in-
fectious virus.

Confi. uent monolayers of Vero cells were
grown in Petri dishes (50 mm internal diame-
ter, Toyoshima Co. , Tokyo). Then 6 inI or
less of molten medium consisting of equal
volumes of Eagle's I\{Ei\I and YLE containing
1.1' 'perml "gym. bl, (Difc0), 0.15y, ,'tr"
pure gelatin (Nakarai Chemicals) and 2.0yo
calf serum were poured Into the dishes. One
or 3 hemispheres (originally designed for this
work as shown in Fig. I and named " Sitters ")
were then placed in the dishes on the mono-
layers. The Sitters were gently removed after
the agar had solidified. The cells in contact
with the bottom of the hemispherical cups were
thus left in agar cups in the plates. ithcros-
copic examination showed that the cells were
damaged, but they were coinpletly repaired on
subsequent incubation for 18 to 20 hr under
5% CO, -air mixture at 37 C with 0.02 inI of
growth medium (equal volumes of Eagle's
MEM and YLE cont, ining 109', colf strum) in
the cups. The monolayers covered with agar,

I Tl, is \\, ork was reported at the 20th Annual IVleet-
ing of the Society of Japanese Virologists, at Osaka,
on November 4,1972.
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on which the cups \\, ere set to form the places
for " spot-infection " were named " monolayer
agar cup plates. " Samples of 0.03 in I of virus
(M, h. ney st, ,in) in PBS(-) .. rimining 1.0%
methylcellulose were placed in the agar cups
using the droppers for the micro CF-test.
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Good circular PIaques were formed, and their
area, expressed as the relative PIaque area. (pro-
duct of two diameters measured at right angles
to the nearest 0.05 mm using a slide callper),
increased in proportion to either the quantities
of virus or the time after infection (Fig. 2)
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FIGURE I. 01'1^illnl design of a " 81'tter ", I, '0111
coh, t/, 111etn! 1110/11ds and Sitteis 111ude of $11^^o11 1116be,
toere for, ,led and rised 101 pi cod, illg 1/10/'01nyei' figni
elfp plates. Top, Del ti'cal sect, 'o11, Botto, ,I, ADJ','$011tn/
o1'eau of a 81'iter. Tile Allob, o11 top of tile Sitte, ', i's
lisqf, 11/01' yeni0",'11g the SI'tte, '/, Din tile $011\ rign, . T/, e
figi, I'e shozus the dimensions of enc/I port 111 I",, I.

3x105 3xj04 3xj03 3xj02

Virus inoculum ( Tcl050/cup)

FIGURE 2. Relnti'o113h, >s betz"eru un i's 1110ci!/1,111 $13e
find I"10/1be pinq!, e ni err .,., 3 dnys rifle,
Spot-1'11/"CtiO, ,,' C-- ., 4 dnys dire, ' spot-fireCliO!I

o
,-,

named the "These spot-processings were

infection technique " and a concentration of
3 x 10' Tcl0, ,10.03 inI of virus was regularly
used for neutralization tests with spot-infection.

Standard antiserum was prepared in rabbits
and diluted to end point neutralization titers of
I: 15,000 to I: 16,000. when added to the
cups \\, Ith the standard dose of virus the area
of PIaques was reduced. The reduction \\, as
proportional to the concentration of antibody
and the method of application of virus and
serum to the monolayer agar cup plates. The
results of 5 versions of the " spot-neutralIza-
tion " are shown in Fig. 3. \\'hen antibody,
was placed in agar cups prior to spot-infection,
a linear correlation was obtained over a wide

range between the relative PIaque area and
the number of antiserum dilutions. So we
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FIGURE 3. COM1pn, ','$011 of sells, '11,111ts of 5 diffe, ', 111
aei'$1011s of tile spot-, fellt, rill*nil'o11 syste, 11 .- - -.,
0.02 IN/ of alitt:, e, Jini din, tioiis reel'e PI, Iced 111 clips alld
illtei' diff, ,51'01i Jul' 20 to 30 111' at 37 C 1111dei' 51.6
Co, -all' spot-lirect, 'o115 aceie dollc reini 3 x 70' TclD, ,
DJ' '11/1s 111 0.03 1111. Tile dry, es ECeie 111ciibo!ed101' I
days inId file, I sin!'lied null/I21111 of liei, 11n/ ,', of rign,
(I: 7,500),' .- --., Spot-lilacli'o113 reel'e cnii'I', d Dirt
1.5 A1' 6</01 e ridd, troll o1 alit, '3,111,11 of, 7/11/0113, .^0,
Spot-!,!ICcli'oils fuele cn, 'rJ'ed o11t 111 t/IC clips of the 77151
rign, ' myei' collla, "111g nilt, 'serif, ,I dryi, t, 'o115 .--.,
SPOl-lirec!,'o113 are, 'e cni'lied oilt /or 15/1, ill thc ci, pS
o1 Ihe first agrii' Inyei' (4.0 1111) rilld tileii 2.0 I"/ o. 1
stcoiid fign, ' ,,!edri, 111 colltoi'11/11g rilltisei'1,111 din!!,'o113 reci'e
polli'td orc, ' Ihe first Ing, ",',' A- ---,, 0.2 I"/ of nil-
t'se, '11/1 d, 711ti'o113 nild 0.3 nil of ",', lis anti'", 11 fuel e 1111'red
nild 111,116tti"d at 37 C for 3111 nild the, I Quell!runt at
4 C. 0.05 1111 o0/11/11, s of this 1111'Nil, I'e reel'" placed 111
Ihe 11/01/01nycr ogai clips
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regarded the procedure as the standard method
for the " spot-neutralization test. "

The relative piaque areas \\, ere also affected
by the time after spot-infection, and this time
affected the accuracy of the spot-neutralization
test. The development of piaques with time
in the presence and absence of antibody \\, as
carefully observed. The results were plotted
as the relative PIaque areas against the number
of days after spot-Infection and gave fairly
straight lines converged to a point P (in Fig. 4),
inclined with the concentration of antibody.
The representative line was drawn and dotted
extension lines were added as in Fig. 4. The
intersecting points of each line were designated
as A, B, C, D, E, F and P. The interpretation
of this figure is as follows. JDPFcoJAPC,
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in, of full/1,111 '11/1/60dJ. die snotu, I by plotii'11" tile, ,/at, be
rigui, 131 Ih, 111,111b, , o1 of"ys of telpinq, ,,

spo!-, Ilec!101i. .- - - ,., tih!s coll!,'o1, ' .---., $1bol-
Ilei, 11n/Itnti'o11 i'sl full/I I: 1024 of '11/1'still"! twilli'o11s

,

B

flier13

and JEPFo, JBPC, and han. , DFIEF-ACj
BC-(,, b, +150)I("b+150), what, ", b, I^
the relative piaque area of the virus control and
ab is that of thc spot-neutralization. These
relations indicate that (a, b, +150)I(ab +150)
should give a constant value against a given
dilution of antiserum \\, hicl\ Is independent
of the time allo\\ ed foi this method. So

this value, named the " Ratio of PIaque area, "
\\, as used for neutralizing antibodv assay In
this method.

6

ab+150

As described above, the relative PIaque area
is influenced by the time after Infection but
the ratio of PIaque area is independent of time.
So, the relative PIaque area (Fig. 3) obtained
with spot-neutralization tests after 4 days \\, as
converted to the ratio of PIaque area (Fig. 5)
using the above formula. The scale of the
tube end point neutralizing antibody titers is
entered in the same figure. it can be seen
from the standard curve (Fig. 5) that amounts
equivalent to neutralizing antibody titers of as
little as I : 256 can be assayed \\, ith the spot-

Ratio of PIaque area =
aob0 + 150
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FIGURE 5. A sto, Idard elfr"e for o6toi, ,ing end point
t, ,be ,lentrolisutio, I titersI, 'Qin the ratio of piaqi, e area.
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neutralization system without dilution of the

^

3

serum.

Quantities of virus of 3x105 to 3xlO*
Tcl0, ,10.03 inI were used in the spot-neu-
tralization. As shown in Table I, the ratio
of PIaque area did not vary significantly with
different doses of virus antigen.

These results show that the neutralizing
antibody titers of test sera can be detected and
assayed as follows; One drop (0.02 inI) of
test serum or control medium is applied to a
monolayer agar cup plate and allowed to diffuse
overnight in a CO2-incubator. One drop
(0.03 inI) of antig, n cont^ining 3 x Ith TclD, ,
of virus is added to the cups. Good circular
PIaques are stained after a further 4 days. The
relative PIaque areas are calculated as the
products of two diameters measured at right
angles to each other with a slide callper. The
relative PIaque areas are converted to the ratio
of PIaque area using formula mentioned be-
fore. Then the neutralizing antibody titers of
test samples are read from the standard curve
in Fig. 5.

To confirm the sensitivity and accuracy of
the spot-neutralization test, the results by this
method were compared with those by the end
point tube dilution method using 30 test sera
from healthy adults. A parallel relation was
found between the results by the two methods,
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FIGURE 6. Gol"pariso, I of the spot-, fellt, afiznt, 'o11
test reft/, tile end point t, ,be din, tio, , ,"ethod r'si"g 30
test sera fro", healthy adj, 113

,

,

as shown in Fig. 6. In one serum no neu-
tralizing antibody \\, as detected by either the
end point method or this method.

The results in Fig. 6 indicate that the an-
tibody titer of test sera can be assayed without
dilution over a wide range of neutralizing titers
of from I: 8 to I: 256, with the same accuracy as
in the end point tube dilution method. Cal-
CUIation of the antibody titer from the ratio of
the PIaque areas has given proof of the maximal
accuracy to this method (Table I). The
method is based on a similar principle to the
neutralization method, namely PIaque counts
in which the antibody titers are given by the
ratio of the number of PIaques in dishes in-
oculated with the virus-antibody mixture and
with virus only. In the former the residual
virus titer can be expressed as the relative
PIaque area and in the latter as the PIaque count.
That is, neither method depends on the " all-
or-none law " for assay of virus survival and
both take advantage of the so-called " percen-
tage law " (Andrews and Elford, 1933 ; Dul-
becco at a1. , 1956) in calculating the antibody
titer. The results in Table I showed that the
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TABLE I

tzo" test

Virus
inoculum

(TclD, ,/cup)

3 x 105

Wect of the 911a"111y of Dai'Ms null:gen on the 1,012'0 of PIOque areo an Ihe spot-"euti. all;sri-

Antiserum
dilution

(log, )

V-C"

T\\o diameters (mm) of PIaques
Relative piaque area

23.2 x 22.7 25.5 x 25.2 23 . b x 23.2
526.6 6+2.6 547.5

21.7x20.9 21.8x21.5 21.9 x 21.2
453.5 +68.7 +64.3

16.3xi5.8 15.8x15.7 15.8x15.3
257.5 248.1 2+1.7

12.8x12.8 12.9x12.8 12.9x12.6
163.8 165.1 162.5

9.4x 9.1 9.7x 91 9.8x 9.5
85.5 88.3 93.1

21.9x21.4 21.5x21.0 22. 0 x 21.8
468.7 +51.5 479.6

19.2x19.7 19. + x 19.7 19.2x19.7
378.2 382.2 378.2

13.7x13.8 13.5x13.8 13.1xi3.0
189.1 186.3 170.3

100x 9.5 10.8x10.9 10.6x10.7
95. O 117.7 113.4

8.3x 8.3 7.6x 7.3 8.0x 8.0
68.9 55.5 64.0

20.5x20.6 20.7x20.5 20.8 x 20 . O
422.3 424. + 416.0

17.5 x 17.4 17.1x17.5 18.2 x 17.9
304.5 299.3 325.8

12.7xii. 7 12. +xi2.2 12.3x12.2
148.6 151.3 150.1

9.6x 8.9 9.0x 8.8 9.8x 9.3
85.4 79.2 91.1

6.8x 6.2 7.2x 7.5 6.8x 6.7
42.2 54.0 45.6

18.2xi8.8 18.7x18.9 18. +XI7.9
342.2 353.4 329.4

15.7x16.0 17.2xi6.0 15.6x16.0
251.2 275.2 249.6

9.3x 8.6 10.7x10.0 9.4x 8.8
800 1070 82.7

8.6x 7.7 8.7x 7.1 7.8x 7.4
66.2 61.8 57.7

4.5x 3.7 5.2x 5.0 +.+x 2.9
16.7 26.0 12.8

12

10

3 X 104

9

8

V-C"

12

10

3 X 103

9

8

\lean \'alue
of relati\ e

piaque area

V-C"

12

572.2

10

3 x 102

Ratio of

piaque

+62.2

area

9

249.1

8

163.8

V-C"

89.0

a V-C is an abbreviatioiT for \, irus control \\here spot-infection \\as carried out without antibodv
b The ratio of piaque area \\as calculated from the relati\. e PIaque area using formula induced in tl. e text

12

1.8

466.6

10

2.3

379.5

9

3.0

181.9

8

108.7

1.2

62.8

1.9

+20.9

2. +

309.9

2.9

150.0

85.2

1.2

+7.3

1.9

341.7

2. +

258.7

2.9

89.9

61.9

12

18.5

2.0

2.3

2.9
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antibody titer obtained is independent of the
dose of virus, provided the latter is within the
range of 3 x 105 to 3 x 10' TclD, olcuP-

A simple micro neutralization method not
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