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uMMARY The piaque method for influenza virus using pancreatin and agarose in
culture Incdium for chicl< embryo cells (Came at a1. , 1968) was improved. Ad-

dition of skim milk to ATedium 199 enhanced the plating efficiency of manyinHuenza
strains. The plating efliciencies in LLCMK2 cells and quail embryo fibroblast cells
were coinparable to that in chick embryo cells.

Various conditions of the PIaque method in chick embryo cell cultures were in-
vestigated and the method \\, as applied to a neutralizatioi\ test. The neutralizing
antibody titers of humaiT sera by the PIaqtie method \\, ere generally parallel \\, ith
thcir Ilemagglutination inhibition titers for various strains. The potency of killed
influenza vaccine could be measured reliably and conveniently by the PIaque neut-
Taiization method using sera of mice Inoculated with serial dilutions of the vaccine.

INTRODUCTION

PIaque formation of influenza virus has been
studied by many Investigators, but most studies
were limited to a few strains of the virus, to con-
tinuous cell lines, or of 10\\, FFUjEID, , ratios
(SImpson and HITSt, 1961, Choppin, 1962,
Lehmann-Grube, 1963, Takemoto and Fahisch,
1963. Vonka, 1964, Grossberg, 1964, Sugiura
and 1<ithourne, 1965, Hatano and Monta, 1967).
Came et a1. (1968) recently reported that

pancreatin and agarose in overlay medium
enhanced the number and size of piaques in
chick embryo cell cultures. In the present
study their method was improved to give
higher FFU!ET050 ratios, and was applied to
the neutralization (NT) test of human sera.
The NT titers obtained by the piaque method

compared \\, ith the hemagglutination
inhibition (Hl) titers, and the PIaque neut-
\\, ere
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Tallzation method was applied to the potency
test of killed influenza vaccine.

IVIATERIALS AND A, IETHODS

I. Prep@rat, 'o11 of chick e"161yojib, 'o6/05t (GEF) alld
qttoi! embryo fib, 'ohmst (QEF) c, 11t!, I es

Decapitated 10 days-old chick embryos \\. ere
minced with scissors and digested \\, Ith trypsin at

centriftiged at37 C. The dispersed cells were
1,500 revlmin for 10 minutes and resuspended in
growth medium. The suspensions \\, ere filtered
through a 200 mesh-filter and diluted with growth
medium to a concentration of 34 x 10" cells per inI
Two-ounce rubber stoppered bottles or 60 mm
plastic dishes (Toyoshima works, Tokyo, Japan)
were seeded \\. ith 7 inI and 5 in I of the cell suspen-

SIon, respectively. The bottle cultures \\, ere in-
cubated at 37 C, and the dish cultures were placed
in a humidified atmosphere of SVD CO2. QEF
cultures were prepared by the same procedure

5. Fallcien!I', I

Pancreatiit \\, as obtained as a powder from Nut.
Titional Biochemicals and Difco. Five percent
pancreatin solution \\. as prepared in phosphate buf-
fored saline. The pancreatin wars allowed to dissolve
overnight at + C, filtered througlt a 0.45 I" Nlillipore
filter, and frozen as a stock solution.

2. Prep"ratio, , of LLCMK2 cells

LLCMK2 cells (a cell line from rhesus monl<ey
kidney) were 1<indly supplied by Dr. S. Nil, \\. ho
originally obtained them from Dr. P. K. Russel
Cell \\, ere grown in Medium 199 (M-199) (Difco Lab. )
containing 10 per cent calf serum, and 7 inI of cell
suspersion containing 1.5 XIO' cells per inI
seeded into two-ounce bottles \\. ith rubber stoppers

The bottles were incubated at 37 C and \, irus \\. as

in DCulated on the 3rd day

6. PIaqi, e assay
Growth medium was removed and cultures were

washed with phosphate buffered saline, and ino-
CUIated \\, itIT 0.2 inI of serialIy diluted virus suspen-

After adsorption atSIOn or Virus-serum mixture

37 C for 60 to 120 min. , 5 inI overlay medium was
added. The overlay medium consisted of a mixture
of equal volumes of 1.8% agarose and double con-
centration M-199 without phenol red, containing
0.3% N"HC0, , 4% chimmilk (Dif. . L"b. ), 0.006%
neutral red, 200 units penicillin and 200 11g kanamy-

After addition of the overlay medium, the
cultures were incubated at 37 C for 3 to 5 days,
then the number of piaques was counted

3. Pii i'ses

Various strains of influenza virus of types A, A1,
A2 and B used in this study \\, ere originally supplied
from the National Institute of Health of Japan, and
serialIy passaged in chicl< embryo allantoic cavity. in
our laboratory

cin

4. 0111ti, I. e "led^^ o11d diniei, I

Chicl{ embryo fibroblast (CEF) cultures and quail
embryo fibroblast (QEF) cultures were gro^. n in
Eagle's NIEM, containing 0.3 % tryptose phosphate
broth (Difco Lab. ) and 5 % calf serum, and LLC-
it'IKg cells \\, ere growlt in M-199 containing 1090
calf serum. Virus samples and serum were diluted
with phosphate buffered saline containing 0.02%
gelatine.

RESULTS

I. Effects of Drill'0"s conce"tmtt'ons of pn"-
ci. eatt?I

The effects of various concentrations of

pancreatin on PIaque formation are shown in
Table I. Pancreatin activity varied somewhat
in different batches and its available concent-

ration was limited. Generally a concentration
of 0.03% seemed most suitable for PIaque
formation in chick cell cultures.

when skim milk was omitted from the

overlay medium, PIaques were more diffuse
and the plating efficiency was usually low.
Noble agar (Difco), Bactoagar (Difco) and
agarose were compared as solidifying agents.
with agarose PIaque appeared most rapidly
and PIaque size \\, as the largest.

2. Cornpart'so" of the bottle method myth the
of^^h method

Two-ounce bottle celtures and 60 mm

plastic dish cultures were Inoculated SImul-
taneously with the same dilutions of virus, and
after addition of the overlay medium, the CUI-
tures were incubated at 37 C. Dish cultures

\\. ere
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TABLE I

Virus strain

149'ecls of flayz'o1, s coilrenirntt'ns of panci'eatt', I on PIOque 101'intrtz'on

BIT. ky, 11167

Pancreatin

product
(I, .t)

A2jAichi12168

A

B

a : Averagc piaquc number in 2 bottles
b : Average piaquc diameter (mm)

0.01

Concentration of pancrcatin in overlay medium (%)

C

62"

(25)"
30

(I. 5)
+

(24)

r\

TABLE 2. Comparison of the planing chicz'e"ct'es
of airjlt, ensn o1'7uses usI'Mg the bottle method
rind the dt\h method

B

0.02

C

98

(30)
109

(30)
123

(35)

98

(20)
11

(2. 0)

2

(2. 0)

DishBottle
method method

(") (b)

AIRR8/34 2.0x10' 1.5xlO,

AllOhma. hillj53 +. 2 x 10' 2.9 x 10'
4.4x10' 3.5xiosA2jAd"chill157

A2/Mu, "hami14j64 2.8 x 10' I. 5 x 10*
1.3x10" 4.4xlO'A2/A1. hi/2168

Virus strain

0.03

1111

(25)
112

(2 . co
119

(30)

92

(25)
73

(20)

83

(2. 0)

O. 04

PI'Ulml

85

(I. 5)
126

(I. 5)
117

(2. co

85

(I. s)
83

(I. s)
98

(25)

were placed in a humidified atmosphere tinder
5% CO, . After incubation, the numbers of
PIaques in the two types of cultures were
compared. As shown in Table 2, the plating
efficiency was generally a little higlicr by the
bottle method than by the dish method. More-
over, PIaques appeared more rapidly and \\, ere
larger in bottle cultures. The bottle method
^, as also usually more convenient for the treat-
merit of a large quantities of samples. There-
fore, all subsequent neutralizations using the
PIaque method \\'ere done with the bottle
cultures.

0.05

69

co . s)
107

(I . co
109

(I. 5)

82

(I. 0)
63

(I . co
96

(25)

3. E.fincze"cy of pinqt, e formatio?I leiati"e to the
egg Ingfectt'ows dose

\\!hen virus stocks were prepared by passage
through the chorioallantoic cavity, the ratio of
pinqu. f. ,ming units (FFU) to th. 50% "gg
infectious dose (ET050) \\, as over 0.1 for many
strains. Ho^. ever, for some strains, such as
AllOhm". hill153 and A2jMu""hamij4164, th"
ratio \\, as lower and the PIaques \\, ere diffuse
and not uniform in size. \\!itIT these strains,
when virus stocks \\, ere prepared from virus
suspensions obtained by mixing a fe\\, selected
clear PIaques, the ratio \\, as greatly enhanced
(Table 3). Several clones of virus were mixed
to avoid the possible deviation of antigenicity
when only a single clone \\, as takeiT for pre-
paration of virus stocks. No difference \\, as
observed between the antigenicities of the
original virus stocks and those of mixed clones
by the cross Hl test.

4. PIaqt, e formation of 11,711e"sri o171/3es lit
LLCiV/K2 cells and quail embryo jibrob/ast
ce/A

F1aque formation of influenza viruses was
tested in LLCMK2 cells and quail embryo
fibroblast cells. Virus stocks \\, ere prepared
from viruses which had been serial Iy passaged

(,)/(b)

1.33

1.45

I. 26

1.87

2.95

78

(10)
42

(10)
90

(3 . co
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TABLE 3.

Virus strain

Coinpni. ISO" of FFU tit GEF cultures gut'th E/050 of uni. lows titj{we"20 styni'"s

AIFR 8134

AllOhmachijlj53

A2/Aha. hij2j57

A2/Mu, ,hami14j64

A21Kum"in. t. 11165

A2jKumam, t. /1167

A2jAi. hij2/68

BISapporoj65

BIT, ky. /1167

PFUjml

I. 2 x log

2.1 x 107

I. 8 ' 108

2.5 x jou

9.6 X 107

1.9'108

2.9 x 108

,. I ' 10,

5.5 x 108

Virus stock (a)

EIDso/inI

Virus stock

(a) : SerialIy passed through chorioallantoic cavity
(b) : Passed once through PIaque in CEF cultures from virus stocl< (a) and cultured in chorioallantoic

cavity

2.3 x 108

3.4 x 109

I. 5 X 1010

I. 5 X 1010

3.4 x 109

I. 6 x log

2.1 x 109

I. 6 x 107

I. 2 x 109

TABLE 4

PFUIEID, ,

5.2

00062

O. 012

00002

0028

0.12

0.14

O. 51

O. 46

C, ", pont, " of PFU ,'" LLCMK2, ,'" GEF, ,}, in, "key kidney (MK) ,"/I",,, and BID, ,

Virus strain

A2jKumam. t. /1167

A2/Aichij2j68

AllOhm, chillj53
BjAmakusa/1164

PFUlml

2.5 xioB

3.2 x 108

2. + x 108

I. 7 x 108

9.3 X 107

2.6 x 108

I .I x 109

I. 4 x 108

I. 2 x 108

Virus stock (b)

EID, ,/inI PFU/EID, ,

2.1 x log

8.9 x 108

2.5 x log

8.5 x 108

I. 7 x 109

3.8 x 109

5.1 x 109

I. 6 x 108

I. 9 x 109

a NT : Not tested.

TABLE 5. Contport'son of PFU tit chick em-
b"y, 776,061"st coll, (GEF) and q"",'/ amb"y,
jib"ohmst cell, (QEF)

LLCMK2

4.5 x 105

2.4 x 108

5. 0 x 106

I. , X 106

Virus strain

Cultu, es (PFUjml)

0.12

0.36

0096

0.20

0055

0068

0.22

088

0063

4.0x10' 4.0xiosA2/Ada. hill157

A2jKumamot. /1167 I. 8 x 10' 2.7 x 10'
3.9x10' 4.6xj05A21Ai. hi/2168
2.3x10' 2.1xjosBIS"pp0"o1/165
1.4x10' 1.7xiosBIToky011167

CEF

5.5 x 106

2.6 x 107

2.4 x 105

7.1 x 100

PFUjml

CEF

through the chorioallantoic cavity. As shown
in Tables 4 and 5, the PIaque efficiency in
these two cells were generally coinparable to
that in CEF cells. However, CEF cells were

QEF

MK

NT"

NT

NT

2.1 x 104

CEF/QEF

readily available in large quantities, and so all
subsequent neutralization tests were performed
with CEF cells.

188

10

0.67

085

I. 10

0.82

EIDsolmi

5. Newtrdlt, sat, 'ON jest

Details of the procedure Lised in the neut-
ralization test are shown in Fig. I. Briefly,
sera were mactivated by ITeating at 56 C for
30 minutes, and diluted serialIy 2 or 4 fold.
Then an equal volume of challenge virus was

and the mixture wasadded to the serum

incubated at room temperature for 60 minutes
and at 4 C overnight. Two bottles of CEF
culture \\, ere used for each serum sample and
were inoculated with 0.2 inI of mixture per
bottle. The serum dilution which reduced the

PIaque number by 50% \\, as taken as the neut-

BIKEN JOURNAL V01.13 No. 31970
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I. 6 x 108

7.4 xioe



Serum dilution

(2 f. Id or + f, Id *c, i"11y)

Addition of equal volume
of challenge \, irus
(100 to 300 FFU/0.1 inI)

Incubation at room temp. foi
60 min and overnight at 4C

,

10 days old chick embryo

Trypsinizatioi, \\itit 0,296 trypsin U :250) at 37C
for 20 to 30 min (\\ith stirring)

Centrifugation at 1,000 rpm for 10 ITtin

Resuspension in Earlc's ME!\I containing 1096
tryptose phosphate broth and 506 calf sei urn
(3 to 4 xi0" ."11.1ml)

Incubation at 37 C for one d"\.

FIGURE I Scl, ed!,!e 10, ' 11,111rn/lisnti'o11 Iesi of '11/1/1eiisa o1,113es by Ihe pinqi, e 111e!/rod

Inoculation of 0.2InI PCI bottle

Incubation at 37 C for 60 min

Agaiosc overlay ;
Composition (per 100 inI)

,

1,000

co
L'
.
J
re

a

.
a

E 100

.

2 fold conc. N1-199

1096 skim milk
7% sodium bicarbonate
5% pancrcatin
0.6% neutial red
I. 896 agarosc

L_

co
J.
E
.

Z

Incubation at 37C for 3 to 5 days

. .

I2481632
Relative virus concentration

FIGURE 2. Relation of the collce, 111'at 1011 of 1141/11e, 13n
o111/3 a21rli'c/, i12168 st, @111 to the 1/11/'16e, of pinq, ,es ill
GEF ci, /114, es, and to the liei, tra/,*111g all!160dy tite, of
Anwa, ! selli, ,I illoci, /died tufth a killed '14/1/1e, !sa '11/1s
zincciiie

512 =

256 e. .

128 co

.

-I

10

^

ratlizing antibody titer. The relationship bet-
ween the dose of challenge virus and the neut-
Tallzing antibody titer Is given in Fig. 2. when
the dose of challenge virus \\, as bet\\, Gen 30 to
800 PFU, the antibody titer was LISually \\, ithin
2 fold dilution of serum. From this result, a
dose of challenge virus of 100 to 300 FFUj
0.1 in I was LISed in neutralizatioiT tests.

.

45 In I
2
2
0.5
0.5

50

64 =

.--

-t

32 to

N

-J

16

"

=
â
o
a

~=
6. COM1bni'ISO" of the Meutrttl^^Ing (NT) a"tz'-

body tater by the 151nqwe method myth the
hem@ggl!, tillat!'o11 Inhihitib?I (H/) drill'body

Sera from patients \\, ith Hong Kong type
influenza virus (acute and convalescent), and
from subjects vaccinated with killed influenza
vaccine (containing 200 C. C. A. units of A21
Aichi12j68, 50 C. C. A. units of BIT. ky, 171
66 and 50 C. C. A. units of BIToky, 11167 per
inI) \\, ere tested for NT and Hl antibody titers.
As shown in Figs. 3 and 4, the NT antibody
titer was generally proportional to the Hl anti-
body titer in these sera. Furthermore an ap-

tilei
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.

o
o

<4

n

,

4

14

C

(b)

parent difference between the antigenicities of
A21Aichi12168 (H. rig 1<. rig typ, ruinnt)
and A2jKumamotollj67 by the NT test and
Hl test was noted.

7. Appl^^nt, '0" of the pinq"e newtrn/lisntt'0"
method to test the potency of kaned in-
JIMe"$@ t!accz"e

The possibility of application of the PIaque
neutralization method to test the potency of
killed influenza vaccine \\, as studied. Killed

influenza (containing 200 C. C. A.vaccine

units of A21Aichij2j68, 50 C. C. A. units of
BIT. ky. 17166 and 50 C. C. A. units of BIT. ky. I
1167 per inI) w"^ co, wily dilut. d 5 f. Id. Aji-
quots of 0.5 inI of each dilution \\, ere injected
intraperitoneally into 10 mice, which \\, ere

12

6

10

o

8

,

.

,

o
C

o

,

n

n

,

81

16
.

a

r

,

o

o

.

o

6

.

.

.

.

,

o

.

bled 14 days after injection. The serum \\, as
then subjected to the piaque neutralization test
with the A2jAichij2168 strain.

As shown in Fig. 5, the neutralizing antibody
titers by the PIaque reduction method were
proportional to the dilution of injected vaccine,
indicating that neutralization by the PIaque
reduction method can be used to test the po-
tency of killed vaccine.

>

FIGURE 5. Alitibody ,'espo, ise of Jin'ce to sell'@I dini-
1101/3 of killed I'dcciiie o111/1/14e, 130 DJ'Jus a2jHichij2168.
Mite fuere 1110ci, /died 20ith se, Iai 5 fold din, ifo, is of
uriccJ',!e alld bled 2 toeeAs later.

(0) alitibody t, 'ter of illd^bidiin/ sera
(0) Geol"etii'c 11,001, of antibody t, 'lei'
(x) Allii'body lite, ' DIPoo/ed sera
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DISCUSSION

Came at a1. (1968) reported that incorporation
of pancreatin into the overlay medium of chick
embryo monolayers enhanced the number and
size of PIaques of influenza virus. In the pre-
sent study their method was Improved to give
a higher FFUjEID-, ratio for n\any Influenza

Using A'I-199 medium andvirus strains.

skim milk in addition to pancreatin and agarose,
FFUIEID, , ratios of over 0.1 \\, ere obtained
with many influenza strains. These values of
the FFUIEID, , ratio suggest that I FFU is
nearly ,qual to I ETU (Egg Infertious Units),
since titers expressed as ETD-, are 1.4 higher
than those expressed as FFU, and after a two
hour incubation period, virus adsorption is not
yet complete. However, \\, Ith some strains,
anch us AllOhm, .hill153 and A2!Mumk^inil
4164, the ratio \\, as still less than 0.01. when
virus stocks \\, ere prepared from virus suspen-
sions obtained by mixing a fe\\, selected clear

6

o

8

2

.

3 4

Vaccine dilution (5")

(a) A2jmch, 12168

10

.
~

.

5
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PIaques o1\ chick embryo cultures, the ratios
were greatly enhanced. This indicates that the
populations of the original virus stocks are not
homogeneous and that the virus population
efficient for PIaque formation can be obtained
by cloning.

Based on these results, accurate neutrali-
zation test became possible using PIaque
method. Neutralization tests on human sera

were carried out using strains A21Aichij2168,
A21Kum, in. toll167 and B2jToky. 11167, which
are currently Lised as killed vaccine. The
results indicated that the neutralizing antibody
titers \\, ere roughly coinparable with the hemag-
glutination inhibition titer. The potency of
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