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uMMARY A high titer of HVJ \\, as obtained 111 artro by infecting H\'I at low
multiplicity to minced fragments of chorioallantoic membrane (CANl). The

H\'I produced on incubation of this system manifested all the known biological
activities of HVJ from 111 000 systems, i. e. , ITemagglutinating, hemolytic, fusion
and neuraminidase activities and infectivity.

The system was characterized and standardized with a vie\\, to its potential use
for \, arious experimental purposes.

INTRODUCTION

HVJ is routinely prepared by infection and
propagation of stock \, irus in the chorioallantoic
membrane(CANl) of chick embryos. The
sensitivity of this system to HVj is very high,
so that much HVJ can be produced on infoc-
tion at 10\\, multiplicity. Nioreover, the HVJ
produced in this system manifests all of the
known characteristics of H\;I, i. e. , hemagglu-
tinating, ITemolytic, neuraminidase and fusion
activities and Infectivity to various permissive
cells.

However, this system has several disadvan-
tages. Namely: (1) Production \, anes in dif-
forent ,gg^. (2) Th, ., riditi. us for H\71
growth cannot be altered because the \, irus is
grown in quite limited conditions, in chorio-
mant. I. fluid of living *inbry. ^. (3) Handling
of the infected eggs Is troublesome and re-

quires much space.
Thus, establishment of a more suitable 112

o1/10 system for propagation of H\'1 \\, 0uld be
very uscful. However, 111 Din'o systems ITavc
seldomly been employed for growing HVJ,
because the virus does not grow well in primary
cultures of chick embryo fibroblasts or many
types of cultured mammalian cell lines (Dar-
lington at a1. , 1970), and further the H\;I par-
ticles produced in such less-productive systems
frequently manifest reduced or defective nature
in the characteristic biological activities of
HVJ, such as hemolytic and fusion activities
andinfectivity (Ishida and Hornma, 1960,1961 ;
XIatsumoto and A, Taen0,1962; HDsaka, 1962).

HVJ is usually propagated on CA!\, I, but no
in oilyo system using CANl has yet been de-
veloped, although this has been achieved with
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influenza virus (Barry, 1961, 1965) and New-
castle disease virus (Tamm, 1973).

This paper describes an tit vitro system for
production of a high titer of virus with all the
known biological activities of HVJ. This is
achieved by infecting minced fragments of
isolated CAM \\, itIl HVJ at 10\\, in o1 (multi-
PIicity of Infection). Since this system seems
potentially useful for various experimental PUT-
poses, its characterization and standardization
are also described.

MATERIALS AND METHODS

I . F1', i's

The Z-strain of H\11 adapted to eggs \\, as used
A dose of 0.2 in I of 10~' dilution of stocl< virus (in-
itcted chorioallantoic fluid) \\, as Injected into the
chorioallanto;c ca\, its, of 10 day, old embryonated
chicken eggs, stage 36, (Hamburger and Hamilton,
1951). After incubation for 721tr at 35 C, the
chorioallantoic fluids (CAF) \\, ere ITarvested, pooled
and LISed as a freslT sample of HVJ

and then shaken at 37 C for 30 min (Okada and
Murayama, 1966). Cellfusion \\, as estimated micro-
SCOPically

5. Assay of Ile!, milliiiidnse activity

A mixture of 0.25 inI of HVj sample and 0.25 inI
of fetuin (10 ingjml) as substrate \\, as incubated
at 30 C for 60 min. The N-acetyl-neuraminic acid
liberated \\, as assayed \\'ith 2-thiobarbituric acid
(Aminoff, 1959)

2. He"lagg!lit, ',, at, 'oofHH) till allow

Salk's pattern method (Salk, 1944) \\. as employed
Ajiquots of 0.5 inI of t\\, 0-fold serial dilutions of
samples in SSC (0.15 M NaC1, 0.015 M sodium
citrate) \\, ere mixed \\, itIT 0.5 inI of 0.5 % (vjv) of for\. I
red blood cells in SSC. The HA titer (HAUj0.5
in I) \\, as expressed as the reciprocal of the lowest
dilution \\, hiclT agglutinated the red cells in 60 min
In room temperature

6. lifect, 'anty nssny

Allquots of 0.2 nTl of 10-fold serial dilutions of
samples in PBS (Dulbecco's phosphate buffered
saline) \\, ere injected into the chorioallantoic cavity
of five 10-day old embryonated eggs. After 3 days
of incubation, the chorioallantoic fluids \\. ere bar-
\, ested and assayed for hemagglutinin production
The infectiviq, of HVJ \\, as expressed as 5070 egg
infective dose (ET0,0) and the ID50: HA ratio
(11A ratio) \\. as calculated

7. Test of lient, tilt*at foil '01/11 allt, '. HPJ ant, 'sei 1,111

Allquots of 0.5 inI of 4-fold dilutions of rabbit
anti-HVJ antiserum (supplied by Dr. I. Kim in our
laboratory) \\. ith PBS were mixed with 05 inI of
HVJ sample (10' ETD, o1ml). After incubation for
2 hr at room temperature, 0.1 inI of each mixture
was put into a 30 mm culture dislt immediately
after inoculation of minced fragments (see PRO-
CEDURES). HA titration was carried out 4 days
later

3. assay of heniolyt, 'c octi", Iy

One in I of HVJ, partially purified by differential
centrifugation (20,000 revlmin), \\, as mixed \\, ith
2 inI of 2%(v/v) of fowl red blood cells in SSC
The mixtures were incubated at 37 C for 60 min

and then centrifuged at 1,500 revlmin for 5 min
The hemoglobin liberated into the supernatant \\. as
measured from the absorbance at 490 rim

4. Assay of 1115/01i rrct, bib,

Ehrlich's ascites tumor cells \\, ere \\. ashed twice

witl\ SSC and once \\, ith BSS (balanced salt solu-
tion), and suspended at a concentration of 1070(v!v)
in BSS \\, ith 2 initi of CaCl, (Okada and ATurayama,
1966). Then 0.5 inI of the cell suspension \\, as
mixed \\. ith 0.5 in I of HVJ sample at O C for 10 min

PROCEDURES

52

I. PI. eporotz'on of ", I'Mced Irug"tents of CAM
CAM of 8-10 days embryos (stage 34-36)

was harvested. After washing with PBS, the
CAMS from 5 eggs \\, ere very, thoroughly
minced with sharp scissors (at least 500 times)
in the corner of a petri dish. The minced
fragments were washed repeatedly with PBS
to remove liberated red blood cells and CGn-

trifuged at 1,000 revjmin for 5 min. The
packed fregments were suspended in 30 vol-
umes of culture medium, consisting of Eagle's
MET\{ supplemented with 10% fetal bovine

(Microbiological Associates Inc. ,
USA. ), and 5 in I volumes of the suspension
were put into 50 mm Falcon plastic culture
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dishes (or 2 in I into 30 mm dishes) and in-
cubated in a CO2-incubator at 37 C

RESULTS

2. H, :/~-titlectz'on of the systeni
I. 171 o1'tro prodi, cti'o71 of HP/ nom spied of I'?10The following three ways of infection were
CM/tm'es of 7/1/'71ced fragments of CAIlf, illectedfound suitables
tufth H, / 6</01'e o71d ofter cii/ttbntio"I) lit o7;0 infection

\\'hen minced fragments of CAM wereSamples of 0.2 in I of HVJ appropriateIy
diluted with PBS were injected into the cultured, the cells spread out from the frag-
chorioallantoic cavity of 10-day chick embryos merits over the plastic dishes 8 to 24 hr after
After incubation for 2 hr, CAM was harvested Inoculation. Subsequently marked radial
from the eggs and minced as described above spreading of GPithelial components from the

free edges of the fragments was observed (Fig.2) Infection of minced fragments jinmedi-
ately before cultivation Ia-c).

AppropriateIy diluted HVJ was added to Production of HVJ from the cultured frag-
a suspension of minced fragments of CAM merits after infection at various times, is shown
to give the desired multiplicity of infection in Table I. On infection with HVJ, either
of virus. After incubation for one hr at 37 C, before inoculatioiT or immediately after inocula-
the Infected fragments were washed by cen- tion, the culture fluid contained 2,048 HAU!
trifugation, resuspended in fresli culture 0.5 in I after incubation for 3 days In o1'110.
medium and inoculated into culture dishes This high yield of H\11 is similar to the maximal
3) Infection immediately after inoculation of yield in the 171 o00 system.
minced fragments Cytopathic effects(CPE) were observed in

Samples of 01 in I of HVJ were dropped th, ^preading colth, 11^I ^Inert (Fig. Id), but it
into 30 inI culture dishes (or 0.2 in I samples was noted that some GPithelial sheets did not
into 50 mm dishes), just before cultivation exhibit noticable CPE(Fig. Ie), even at the

time of maximal production of HVJ in the
After incubation of the infected cultures culture fluid. The fibroblastic cells, occasion-

for desired periods, the culture fluids were ally spread out together with the epithelial

T'ABLE I. Jar vitro producit'on of HP:/ from the fragmented CAM syste"I

harvested for use in various experiments.

Dilution
of CAP"

10~'

10~'

" CAF (infected chorioallantoic fluids), containing ca. 10'' EID, ,/inI of HVJ
" For details of methods for infection and meanings of I), 2) and 3), see PROCEDURES
" After 3 days cultivation, 0.2 inI of HVJ sample \\. as dropped into 50 mm dish

Before cultivation

Infection"

After 3 days cultivation'

Before cultivation

in O"O

171 ", 110

in 011JO

After 3 days cultivation"

I) "

2)

3)

111 000

171 alit, 'O

in "1110

Titer of F1VJ in culture fluids
(HAU/0.5 in I)

24 hr

I)

2)

3)

128

128

128

16

( -)

(-)

(-)

(-)

\\IAT'ANAnE, 1<. and Y. OKADA 111 oatro prodi, ct, '0, , of HUI 1707, , CAM

72 hr

2,048

2,048

2,048

256

2,048

2,048

2,048

32
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FIGURE I. Spreading of constitt, e"t cells from plated CAM fragments and their cytop"thic ofects (CPE) dt, e
to Hl'I fitfectio". a-c, Spread, hg of epitheti@I components ofte, plati, ,g. Free edge action^,^s of the epithefi@!
sheets are o63e, "ed (@,, o20). a, 72 fry culti"ation. b, 24 fry culti"@tio". c, 72 h, culti"atto". d, CPEi" epithefi@I
co?"poite"ts, c, ,Itto@ted after i"fretio, z with 10' BIDSoj, "! of H, I. 72 h, ct, It tugtio, z. e, Epitheti@I components
shoal:ing scarece!y any CPE. The s@,"e culture dish OS d. I, Mesenchy, 1101 components finmedr@tely beneath the
cottheti@! sheet, destroyed by CPE, shoal ito CPE. The same c, ,!t, ,re d, ^h as d. Phase contrast Microg, @phs:
in@grinic@tjo" x 200.
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components, did not sho\\, noticable CPE
(Fig. If).

2. Chardctei'1stics of HP/ PI ooft{ced ill the ,'"
artro systeiJi

Th. EID, ,^ HA ruti. (11A ruti. ) of th.
hemagglutinating (HA) particles obtained in the
111 o11ro system was 106 '. Therefore, the par-
ticles exhibiting the HA activity shown in
Table I are actually infectious virion particles
of H\;I.

11\, Taximal production of HVJ \\, as attained
even on inoculation of 104 ETD, Diml of HVj
(Table I). This implicates that the virion
particles produced in the in o1/10 system POS-
sess the capacity to Infect neibouring cells in
the culture progressive Iy.

Besides this completeness of infectivity, i. e.
Infectivity both 111 o2^0 and 111 o1/10, the HVj
particles also well-manifested all the biological
activities (hemolytic, fusion and neuraminidase
activities) of H\11 produced in the 111 o00
system.

3. D, p, "d, ,,,, of Ih, HP/ y, t/d on Ih, dam
of 1'710c!!/ttted flag, ,lents

Fig. 2 clearly indicates that the H\!I yield
TABLE 2.

20 2~12~22-32-42-52-62-72~8

inoculum of CAM f ragments

FIGURE 2. Drp, ,!dellcc of H!{/ yJ'e/d o1, '10se of 111-
DC1, /ated Irng, Ile, 113. Tile Hl{/ t, 'ter 111 cii/till'e fill',/s
rens tiss"yed 3 ofttys (0) alld 5 of trys (X) ,!/!ei' 1111ec-

For 1'14j, ct, 'o11, 10~' di7i, tJ'o11 of CrlF rens ridd"oftroll

to $113pei!3101/3 of incli din, t, 'o11 of CAM 11n",, fellls 10
tiltn, ',, n 1111n/ din, ti'o11 of C, F o1 10~' (ctr. 10' E/Danj
I'll). absc!'35n (bloc, ,/1,111 of CHILI 11', Ig, ,ICJ, is),' Pricked
'01/11/1e(,, 11) of CAM frogi, lents 1'110c, ,/ated flito drill, s
(d, 'ninete, ': 50 11,111) colltn, ,1111g 51111 of ci, /tiire Ingdi'1,111
For of, tm'/s, s, c PROCEDURES 2.2)

Sensz'12'021y of the SJISte"I to HUI, znOcu/tiled o1 7,011'ONs in o1

2,048

1,000
,^

E
LC,

o
\~
.
<
T

512

" x

256

^,

,it

128
100

64

Dilution
of CAF"

32

"

10~'

10~'

10~'

10~'

10~'

10~"

10-7

10~'

10~"

10~10

No. of positive
dishes

72 hr 120 hr

(10' ' pe, 0.1 in I) (10' pe, 0.1 in I")

"

313

313

313

313

313

313

3/3

013

013

013

total

I dishes

it CAF (infected chorioallantoic Huids), containing ca. 10'' EIDso!in I of HVJ.
oculated into 30 mm Falcon plastic dishes containing 2 inI of culture fluid.

" HA titer in the positive case.
' TclD, o of CAF measured in the present system.

"

3/3

3/3

3/3

313

313

3/3

313

113

1/3

013

Titer of F1Vj in cuture fluids
(HAU/0.5 in I)

24 hr

128

32

8

(- )

(-)

( -)

(-)

(-)

( -)

(-)

721, r

2,048

1,024

1,024

512

256

128

32

(-)

(-)

(-)

\VATA\ABE, K. and Y. OKADA fit o2'tro PI. od"ct, 'o11 of H^/ Iron, CarV/

1201)r

512

I, 024

2 048

2 048

2,048

2,048

2,048

(64)b

(64)"

( -)

Samples of 0.1 inI were in-
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in culture fluids is directly proportional to the
dose of inoculated fragments, at least, on in-
oculation of less than 2~a in I of precipitated
fragments. Thus, production of HVJ per cell
seems to be constant, and Infection proceeds
quantitative Iy, so that the maximal yield of
HVJ is determined by the quantity of host cells
in the system.

4. Se, ISI'tzb, Iy of the cyste?, I to i?!Iection at
attl'IONS 11/01

The data shown in Table 2 indicate that the

system is very sensitive to infection. Maximal
p"oducti. n of HVJ (2,048 HAU10.5 inI) was
attained on inoculation of HVJ at the relatively
low inoi, 102-106 ETD, ,ldish. Even on in-
DCulation of 100-10' E1050jdish, I'" Dr't, .o infec-
tion was sometimes established and detectable

amounts of HVJ were produced. This in-
dicates that 10' ET050 corresponds to ca.
101-102 TclDso in the present system. Since
the system shows this I\Igl} sensitivity, it will
be very useful in screening tests for detection
of H\71.

Neutralization of infectivity by anti-HVj
antiserum was tested. Complete inhibition of

infection at about 104 ETD, o of HVJ was at-
tamed by 4~'-fold dilution of anti-HVJ anti-
serum, with a hemagglutination-inhibition
(HAT) titer of 1,024 HAT10.5 inI (T"b1* 3).
Thus, this system \\, ill also be useful for either
detection or titration of anti-viral antibodies.

DISCUSSION

HVJ was produced in ITigh titer by culturing
minced fragments of CAI\{, infected \\, ith a
low ino1 of HVJ. The HVj p"oduced in this
hi niti. o system showed the same biological
activities as H\'I produced in the in o00 sys-
tern. Namely, it showed hemagglutinating,
hemolytic, neuraminidase and fusion activities
and infectivity, to botlT I" o210 and 171 tilti'o sys-
terns.

1.10nolayer cultures of some types of GPi-
the11al cells, such as primary cultures of chicken
lung (Portner and Kingsbury, 1971), chick,
mouse, calf and monkey, kidney (Shihuta at al. ,
1971 ; watanabe and Okada, unpublished
data) and a cell line (A/DBK) from bovine
kidney (A10untcastle et a1. , 1971), exhibit
fairly high sensitivities and productivities of
H\;I. However, the fragmented CALl sys-
tern described in this paper has definite ad-
vantages over these other systems. In par-
ticular, it should be noted that it is a very
convenient system, and that the CAM cells,
used as hosts for HVJ, are the same as in the
I'" o00 system, which has been widely used for
many years'

In many 171 2:1ti'o systems HVJ losses its
hemolytic and fusion activities and Infectivity
(Ishida and Hornma, 1960, 1961 ; Matsumoto
and Maen0, 1962; Hosaka, 1962). This has
been a major obstacle in applying these sys-
terns to various experimental purposes. How-
ever, the HVj particles produced in the present

manifest all of the knownin anti'o system

biological activities of HVJ produced in the
In o210 system.

Because the fragmented CAI\I system has
these many, advantages, it should be useful
for various experimental purposes. For ex-

TABLE 3. Neutronsotz'on test ECith antt'-Hill'-
nittt'serum 112 the 11. agme"led CAM system"

Serial dilution
of antiserum

4~I

4~'

4~'

4~'

-,

4~"

-,

4~'

Titer of HVJ in
culture fluids"
(HAU10.5 in I)

it HVJ samples used for infection \\, ere 10~' dilu-
tions of CAE, and the titer of antiserum
**, s 1,024 HAT/0.5 inI. See MATERIALS AND
METHODS for details.

" Assayed 4 days after inoculation of virus-anti-
body complex

( -)

( -)

(-)

32

64

128

128

128
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ample : (1) it provides a cheap and easy \\. ay
to Ich, I H\;I. In labeling H\'I with 'H-
undine (Okada at a1. , 1974), the labeling
efficiency, was about 10-fold more than that
using the 171 o. 0 system. NIOreover, it \\'as
showiT that H\11 labeled in this way, reacted
with cell membranes Just in the same \\, a^ as
H\'I prepared in 00, . (2) Th. ^, ntitivi^, of
the system is very higlt (Table 2), so that it
can be used for screening many, samples for
detection of infective \, iruses under controlled

and constant conditions. (3) As shown in
Table 3, the system can be used for detection
and titration of anti-viral antibody by me asur-
ing neutralization of infectivity. (4) it can be
used in various analytical experiments on cell-
virus interactions in a high productive system

under controlled experimental conditions.
Other experiments (\\'at ariabe and Okada,

1974) suggested that the main cells producing
virus in the fragmented CANl system are the
allantoic epithelial cells, and that the me sen-
chymal cells, \\, hiclt are also supposed to be
exposed to infection, scarecely participate in
virus production. This situation is similar to
that of 171 o00 propagation of HVj in the
chorioallantoic cavity.

No data were obtained on the participation
of chorionic epithelial cells and cells of the
vascular systems in HVJ production in the
present system. The spreading epithelial cells
which chin*, nn an parent CPE (Fig. it) might
be representative of these cells.
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