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BIKE\. s JorR\AL 2,345-352 (1959)

A Study on the Number of infectious Virus Particles

Necessary for " B" Type inclusion Formation

IUNTARO KAMAHORA, KUMAO TOYosHiMA, SHIRO NTT
AND SHIRO KATo

SUNl\, I. \RY

The "B" typc inclusion of ectromclia \ii'us has I, u. n considci, cl a definite indicator. of
1,01< virus Infection in the cell. The rciaiionshij, butWCCn Ihc 11.1mbcr of "B" I re inclusioi:
hearing cells and the ITUmber of infectious \11'us particlcs was studied IronT the statistical
point o1 \. ic\v using iruc Ehrlich ascites turnoi cells and tissue culturc L cells infectecl with
cultoinclia \, irus. Further the ruintionshiji b, twccii titu number of "B" t e inclLisions in a
single cell anci Ihc multiplicity of 111c illicciion was investigated. Our r'stilts revealed Inat

infectious \'irus particlu is sumcieni to form one "B" type inclusion in a single cull

D epm 1/1/'11 I o. 1 Pathology, . The Re tearch InJtitt!I" 101 Microbih!
D!JenJe, , 0$nk, I Un!'teniij', OJ"Art

(R, ccii, t, I 101 pit 61^^niio", Detembe, 15, 1959)

one

I\T'RODUCT'10N

As to the numbci or the viius pailiclcs \\, hich could initiaLc ail in FCCtioi, of
a cell, a onc IJa!ticlc theory \\'as IJi'CScnted by I'aikcr (1938) usin, , vaccinia \, 11 us
in rabbit skin. Further the theory that "one virus IJarticlc for' onc Jlac ue"
I'cportcrl by Dulbccco and \'ogt (1954). Since then, the concept that a cell
In ICction would IJc initiatecl by onc vii'us pal'ticle has heell gcnerally admitted.

T'he significance or the viial inclusions in the multiplicatioil or ox . Tou
viruscs has bccn regarded as fundamental since the discovei. y or "B" type inclusion
bodies in ectromelia virus (Kato ,! at. , 1955). Latcly the "B" type inclusion of
ccti'omclia virus was found by Coons' methcd to be ITot only Feul, cn 1.0sitive
I)ut also the site of virus antigen <1< ameyama e/ a/., 1959). As Toyoshima e/ rr/.
(1957) previously I. epoited, statisticalIy one inclusion ccll seems to be initiated
by one Infectious virus particle. The present study was intended 10 confii'in this
fact.

Sevei'al reports Ilave heell made on the relation betweeil ectromelia inclusion
formation and the virus gro\\. th using Ehrlich ascites tumor' cells and tissue
culture cells from our laboiatory (Ha, ,I\\. ara at at . 1955; Haoriwara and 1< amahora,
1956; Furusawa e/ a/.. 1959; Ikcgami d a/., 1959; Toyoshima d a!., 1959). Durinu
these expel. linents, cells wei'e round both in Ehrlich tumor cells and in tissue
culture cells \\hich contained multiple rather than single "B" type inclusions. The
number or the "B" type inclusioiTs sometimes amounted to more than twent in
a single cell, especially \\. hen a high vi!. us titer was used for. inoculation. It is
likely that theI. e might be some correlation between the number of "B" t , e

\\'as
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inclusions and the virus titer of the inoculum. it is well known that there are
cases in which two different types of viruses grow indepei, dently in tha same cell.
For instance, a double infection of ectromelia virus and another species of virus,
e. g. herpes simplex virus, has been observed (Nii, unpublished).

Also a double infection of two strains of ectromelia virus was observed by

Hagiwara taking advantage of in orphological difference of their "A type inclusions.
In line \\, ith this, it seems most probable that a certain number of the same
inclusions in a sinole cell are initiated by a corresponding numbe" of infectious
particles entering the cell

KAMAHORA, TOYOSHIMA, NII AND KATO

I. Viral$

In the experimentsMouse passaged cctromelia virus (Hampstead strain) was used
with Ehrlich ascites cells, infected liver emulsion was employed using the same tec}inique
as previously described, while in the experiments with tissue culture L cells, Daifron
(fluorocarbon) purified cctromelia virus which 11ad 2 x 107 piaque forming units (FFU)Iml
was used (Nii, 1959). The details of the meth, d of ptirification of ectromelia virus by Daifron
was given in the previous paper (Kameyama at at. , 1959)

2. Mice DD Jtr"in rod3 used

3. Ehr!ich a $62te$ twinor cell

EThlich ascites tumor cells were used after washing with phosphate buffered saline
About 2 x 10s cells/in I were inoculated intraperitoneally into each mouse

4. TtJ, Me culture

L cells 5.5 x 106 were dispersed in a large prescription bottle with ten milliliters of
LA-YH (Hanks' saline with 0.5 per c. ent Iactalbumin hydrolysate and 0.1 per. cent
yeast extract) containing 5 per cent ox serum. Prep@railon o1 antiserum: According 10
the method described by Furusawa at at. (1957) the ascties fluid of hyperjinmunized mice
was lised as the antiserum against the virus after heating at 56'C for one hour

5. Mou$e LD 50

Samples were serialIy diluted ten fold. Each of the four mice in one group was injected
with 0.2 in I of the diluent. After an observation period of 10 days, the LD 50 was determined
by Reed and Muench's method.

Abbreviations used

"B" . a "B" type inclusion
"B"s. "B" type inclusions
"B" cell; a "B" type inclusion bearing cell.
"BC" . a small round compact form of "B" type inclusion which is characteristic of an

early stage of development.
ETC ; an EhiIich ascites tumor cell

MATERIALS AND METHODS

,

RESULTS

I. The 1111mber of ingc/toll5 aji'if$ particleJ nece$3ai:y for one "B" cell
The virus material was diluted as follows; XI, x 2, x 4 and x 10. Two volumes

of each diluent were mixed with one volume of ETC. 1.5 in I of the mixture was

injected into the mouse intraperitoneally. Two mice were injected with each
mixture. Eighteen hours after inoculation, the ascites was tapped and a smear
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preparation made or it. An eighteen hour period was chosen since the inclusion
cell CUI've in the first cycle usually reached a maximum about tlTis time. Th
percentage of "B" cells \\, as counted. The value is represented b fractions, . ..
0.73, 0.56 elf. as shown in Table I.

The relationship bet\\. Gen multiplicity of infection (s) and the fraction or
infected cells is considered to fit a I'o1sson's distributioit curve. B takin th
appearance of "B" as a positive phenomenon in this Poisson's distribution CUIv
the number or \, Irus particles needed for. one "B" cell was calculated.

11 as a minimum, one Infectious pal'ticle is enough to form a "B" cell, the
fraction of "B" cells *, ill be equal P, =I in the I. ,. inula (2). SImila"I if tw. or'
more Infectious particles arc required to form a "B" cell, the "B" cell etcenta. 'e
will be cqual to Pr=2 in the formula (3). The situation \\. ith thi'ce o1. in o1'e
liarticlcs will be del'ived from the 101'inula (4).

Pi. = - --

PI'=I = I - e~'

'"" ' I ~ c-*(I+, S)

IP" = e~*

Pr ; Probability o1' cells being inkcted by r ITUmbcr or pal'ticles
S ; Allultiplicity or infection.

ACcoi'ding to 101'malae (2), (3) and (4) multiplicitics o11nlcctions (S-\, alues)
weie calculatcd on eacll assumptioiT (Tablc I). Undcr these conditions, the
product or thc dilutions 111nes 111e multip!icities must be equal in all the dilution .

Slotislicol analysis of virus particles required for formation of inclusion cells

Mullipliciiies (calcul. led)

PI, ! = I - e~*(I+S+ ~ )''1 ' I- e~*(I+S+ t '

...... ... ........

Table I

Virus

Diluiion

X I

(1)

(2)

(3)

(4)

x 2

inI

Froclion
ETC

of " B "

cells

x 4

X 10

S

inI

Muliipliciiy of in{eciion calculated by Poisson's distribution funciion from I rociion o1
inclusion cells

Froclion of inclusion cells were delermined 18 hours clier infection

0.5

0.5

0.5

0.73

0.56

0.33

0.12

11 >

S

0.5

I SX
diluiion

I. 30

080

0.40

0.13

1.3

if Z 2

Sx
dilution

S

1.6

2.6

1.8

1.6

1.3

2.6

1.1

if 21 3

Sx
dilulion

3.6

S

057

38

4.4

2.9

5.7

3.8

2.0

5.8

1.2

8.0

120
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As shown in Table I, the products are different when calculations are made
according to the formulae (3) and (4), while formula (2) was found most
adequate to this calculation. it was thus suggested that one B cell could be
formed by at least one infectious virus particle (r=I). The mean value of the
products of dilution times S indicates the multiplicity of infection in the original dilu-
tion. Then the product of this~mean value times the cell number which was counted
by means of a hemocytometer, will represent the total number of effective virus
particles (V). In Table 2, the titer of the total effective virus is compared with
the mouse L050 of the same samlpe. The ratio of V to L050 is several to I.
Since L050 was determined by serial ten fold dilutions, a precise comparison was
impossible.

KAMAHORA, TOYOSHIMA, NTT AND KATO

Table 2. Comparison of total

el+ecfive virus in EV-ETC system

with mouse LD, o

To 101 effective virus <V) Mouse LD, o

1.9 ' 10s

1.5 X 10s

1.4 X 10s

1.2 X 10s

0.7 X 10s

I I 07. s

I ' o7. *

2. 1:1ect of antibody

The effect of the antiserum upon the linectious virus was examined using
fractions of "B" cells. Serial four fold dilutions of the antiserum were made and each
diluent was mixed with an equal volume of virus material in till'0. The mixture
was incubated at 37'C for an hour, and half volume of ETC was added. 2.5 inI
of each final mixture was inoculated intraperitoneally into mice. For each diluent
two mice were used. 18 hours after inoculation, the fractions of ' B cell were
counted (Table 3). The neutralizing index of the antiserum used for this experiment
was 3.5 as judged by the ordinary neutralization test with mice.

3. Multiple inaction and Ihe mmpho!ogical change$ in of 11ced by it
Two or more "B"s, sometimes even more than twenty are often observed

in single cell both in smear preparations of infected liver cells and infected cultured
L cells. An attempt was made to see what causes this phenomenon. Infected ETC
was prepared under the same condition as in Exp. I. 6 hours after Infection, consecu-
tive smear preparations were made at 2 hour intervals. Then the proportion of early
stage "B" cells was examined. The results are shown in Table 4. Cl, C2 and
C=3 show cells which include I, 2 and 3 or more compact "B"s respectively. Lp
to 16 hours after infection, the ratio of GIIC2+C3 is relatively constant. Eighteen
hours after inoculation, the ratio begins to change. Considering the period of the

LD:; u

LD, o

LD, o

LD, u

LD, oI07 o

Table 3. Partial neutralization test

in EV-ETC system

^ FF;I, ^..:;,:* IE"PIe;,,,. I
Antiserum

dilution

X

4

x 16

x 64

x 256

X

O . 017

0.20

044

050

074

k Fractions of " B" cells were determined

18 hours after infection

Conirol

0.02

0.26

0.57

0.65

0.96

O . 77 1.00
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Table 4. Distribution of numbers of inclusions in single cell

1st Infectious cycle in this system, it was suggested that 18 hours after infection
the "BC" or the 2nd infectious cycle started to be formed. Thus onI the ro ortion
of the "BC" cell \\, ithin 16 houi. s were used for the followin calculation. The
'BC" cells \\. ere coinpaied with the probability of multiple infection calculated

from the multiplicity of infection by the Poisson's distribution formula (1).
Multiplicity of infection \\, as estimated from the total effective vii. us (V) b the
method described in Exp. I. The fractions of "BC" cells were calculated from th
following formulae

Cj. C:! and C=:I show I. 2 and 2:3 "B" containing cells
RC shows cells which contain relolively compact " B "
D shows cells which conioin diffuse " B "

I; Fraction of total "B" cells 18 hours after infection.
CT; Total number or cells with r number of "BC" \\, ithin 16 hours of infect'

per 1,000 ETC.
C; The sum total of CT within 16 hours'

The distributions of "BC" cells at three dilutions of the on in al v' .
material \\, ere compared with the probability of multiple infection. As shown in
Table 5, a considerable coincidence was observed between the multi 11cit f
infection and the number of "BC" in a single cell. These results su est that one
"BC" is formed by a single infection and their multiple a earance in a sin it
cell coincides with multiple infection.

4. Ex/ierimen! 113ing IiJJite '11/1N?'e L cellJ und 1/1/7411ed er/Tom, in i^in!J
The L cell and ectromelia virus system has beeil extensive I studied in our

laboratory. Recently a one step growth curve has been depicted us in this s stem.
According to this, ten hours have been found to be sumcient for. the a earance

Pr=0 = I - I

JCr

21C
Pi, = I x
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Table 5. Relationship between multiplicity of infection and number of
inclusion bodies in single cells

--^ ^ ^.--.^- -

Multipliciiy

- ^ ---:--^.^-^- ^^ -^^^ -- -- ^^- - -

I", I 11p, P, or P, try P,00, ..^^ \^, I . I ___ __ ___
^- ^-

O 11 0.55 ^ 0.53 0.74 0.73 0.84 0.85
^-^ --- ----,----- --^-.---- ----^-- --- - --

-- -------- -11 ---- ^ -^ :-------I- ^ ^:----- ~~~~~~~~~I I o32 ' o34 I o. 21 o. 23 0.15 I 0-14

~~__ 2 I^ 0084 I 0106 o038 o036 o012, 0011
=3 I: 0000 ' 00.6 00^, I 0000 0. ,00 I 0-00^

-------- ' -~~~~~~ ~~~~ I~' ~~~~~ ~'~~~ ~~ ~~~~ ~~

063
I cell

" pr" shows experimenlol results
" Pr " shows probobiliiy calculated by Poisson's disiribuiion function

of "B" in almost all cells in the first step. As virus material, a Daifron-purified
virus suspension \\, as uscd. The virus dilution \\, as made as folio\\, s, 51,5L and 5' .
Three milliliters of each diluent was incoulated into large prescription bottles
containind about 5.2x106 cells. After incubation for an hour and a half at 37 C,
the cell sheets were washed three Limes with Hanks' balanced salt SIoution to remove
residual virus and then maintenance media was added. After another 6 and a
half hours of incubation at 37'C, the cells were scraped off, suspended by vigorous
pipetting, and packed by centrifugation. Then smear preparations or the ce s
it, ere made, fixed with methanol and stained \\, ith Giemsa solution. The fraction
of "B" of each dilution was tabled and the corresponding S' \, alues were

same method. As shown in the tables (Table 6 and 7) acalculated by the
striking correspondence \\, as observed between the values. This strongly suggests
that one infectious virus particle is enough to produce one B cell, and inu tip e
inclusions are the result of multiple infection \\. ith an equal number of virus
particles.

TDIol

0315

11

I cell

0994 I . o02 I

0.16
I cell

1000 I. 000 I I. 002 1002

Table 6

Virus dilution*

Virus particles required for formation of "B ' cell
in tissue culture

X

X

X

X

5

25

125

Frociion of "B" cells

Dai{ron purified virus was used* Virus

S : Multipliciiies of in Ieclion calculoied by Poisson's distribution
function from fraction of "8" cells

Frociion of "B" cells were determined 8 hours alter in Ieciion

O . 96

090

0.38

o089

' I

0094 I

3.2

2.3

^ 0.48

S X dilulion

12

12

12
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Table 7. Relationship between multiplicity of infection and number
of inclusion bodies in single tissue culture cell

Multipliciiy

Inclusion per cell

2:3 0017 I

experimental results
probCbiliiy calculaied by Poisson's disiribuiion I uriciion

DISCUSSION

The relationship between the numbei. of infectious virus particles and the
number or "B" was studied from a statistical viewpoint. The results showed
first that as a minimum, one infectious virus particle was enough to produce one
"B" cell, and secondly that matiple "B"s in a single cell might be formed by
a corresponding number of infectious virus particles which had entered the cell
almost simultaneously. The interference between active virus particles does not
occu^ in this case, contrary 10 the case with Inactivated virus previously reported.

In the present analysis, one or the most probable factors \\, hich in 10ht be
responsible for. errors in the computation or the "B" cell percentage might be
the proliferation of the calls. As we reported before, infected cells ceased to
multiply In the systems employed in this experiment. Uninfected cells seem to have
a lag phase of growth and initotic figures were rarely observed during the short
observation period used in the present study. More convincing proof was obtained
by the experiments with ultraviolet rays. Irradiation by ultraviolet rays caused
the cessation of cell proliferation for a considerable period and the percentage
of inclusions in previously Irradiated cells was not found to differ essentially
from that or nonirradiated cells.

Our experiment was concerned only with the relationship between the number
of Infectious vii. us particles and "B" formation. The relation between the number
or infectious virus particles and the total number of virus particles including nonin-
rective virus particles has not yet been determined. The factors which might be
involved in this determination depend upon the method of purification of the
virus, the source of the virus material, the density of virus particles, and the
kind of cell or animal used for. virus titration.

Our experimental results on the effect of anIbody upon the formation of viral
inclusions, revealed that antibody with a neutralizing index of 3.5 could suppress
the appearance of the inclusion cells to almost one hundredth of the cotrol. One
of the main factors which might be involved in this might be the difference
between total neutralization and partial neutralization. The fact that nonlinear

2

pr

0.30

0055

pr

Pr

0.48

Pr

030

0070

O . 01 I

pr

0084

0007
-I-----

^ 0.001

0094

Pr

O . 086

0004

00001

parallelism existed between the concentration of antibody and its suppression of
inclusion formation might show the complexity or the function of the antibody
271 1'11'0.
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Fig. I. Two Ehrlich ascites tumor cells bearing rather de-
veloped "B" type inclusions

Fig. 2. An Ehrlich ascites tumor cell having three compact
B type inclusions



An Ehrlich ascites tumor cell having two typicalFig. 3

compact "B" type inclusions

Fig. 4. Multiple "B" type inclusions in a single L cell




