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UNiiVIARV Coinfection of mice \\'it11 an avirulent (A2!'Okuda'57) and a higlily
virulent (AllFi\{I '47) influenza virus enhanced the virulcncc of the latter. This

enhancement was observerd even \\. hen UV-ITradiated A2jOkuda '57 \\ as Lised for
coinfectioil

01\ the contrary, \\ hen mice \\'ei'e preimmunized \\'ith live A2 'Okuda 57, they
showed resistance to challenge \\'ith \, irulent A1 IF!V11147.

Possible explanations of these phenomena are discussed

INTRODUCTION

Several factors protect animals against infoc-
These are specific antibody, interferon

and unknown factors (Cate et a1. , 1969)
\\'hen animals arc simultaneously or succes-
SIvely infected \\'it 11 two strains of virus, inter-
ference, complementation and other phenomena
might be observed

The effect of live influenza \, accine has

already been reported by scvcral authors
(Beare at a1. , 1968 ; Okun0, 1963 ; Okuno
and \akainura, 1966). It \\. as found that,
live influenza vaccine Is more effective than

killed \, accine. Antigenic \, ariation of in-
fluenza virus is the most troublesome problem
in development of influenza vaccine, and
reduction of protection with continued anti-
genic drift has also been sho\\'IT \\ith a mouse-

tion.

influenza system (Kaye or a1. , 1969). Thc
effectiveness of immunization of expel'linental
animals \\'1111 live Influenza vii'us in pie\'citting
infectioiT \\. it I, different types of influenza \'irus
has bcen reported (Francis anti \nagi11,1938 ;
Henlc and Lief, 1963). Accordingly \\'c cliosc
the mouse-influenza virus system to in\'CStigatc
vai'IOUs fundamental problems about Ii\-c in-
fluenza vaccine. \at uralinHucnza \. irus inkc-

tion stai'ts in the epithelium of the respii. at or\,
tract, so inhalation was used as the in octilation
method. Different results \\ erc obtaincd on

\. arying the times of Inoculation of a \. irulunt
and an a\. Irulent \, Irus strains

The \, iruses used in this \\. ork \\. ere A2

Okuda, 57 and AllFi\{1147. TITc \. 11ulcnce of
A2'Okud"57 and AllFA, 11 47 in mice has
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been discussed thoroughly by Nakamura
(1965). A2jOk"chi57 inch. ,^ high titer^ of
Hl and neutralizing antibody in nTice without
killing the animals or consolidating their
lung^. On th. .ther hand, AllFMlj47 I^
highly virulent in mice inducing consolidation
of the lungs and when a ITigh titer of virus is
used for inhalation, it is lethal

MATERIALS AND AJETHODS

I . Mice

Four to 5 weel< old in bred female mice of tlTe ddO

strain were used. Experimental groups \\. ere se-
parated from each other in \, eiTtilated metal cabinet
compartments

2. 1/4/11, elka tints
A2!Okud, !57 and AllFMlj47 (Nat"inu, a, 1965)

were used. Telt day, old fertile eggs were infected

\\ItIT the \, iruses and two days later the allantoic

fluid \\, as harvested and centrifuged. The super-
natant was used for infection of mice. For dilution,

LE medium (Earle's solution containing Iactal-
bumin I\ydrolysate) \\. as used as diluent. The virus
titer \\, as determined by hemagglutination (HA) of
chick red blood cells or by the EIDso

volumes of SVD chicl{ red blood cells were added
The antibody titer is expressed as the power of 2
of the reciprocal of the highest dilution of serum
causing detectable inhibition of hemagglutination

5. Newt, allsat, o71 test

The neutralizing antibody titer against AllFMlj47
in mouse sera or In lung exudates was determined as
described elsewhere (Nakamura, 1965). Allquots
of 0.4 inI of serialIy diluted sera were mixed with
0.4 inI of AllFM1147 vi, us (100 EID, "!0.1 inI) and
incubated at 37 C for I hr. After incubation,
0.2 inI aliquots of each mixture were in DCulated into
3 eggs. After 2 days, agglutination of chick red
blood cells by the allantoic fluid was examined. The

antibody titer Is expressed as the reciprocal of the
highest serum dilution showing neutralization of
the virus in more than 50% of the eggs

3. lifect, 'o11 DJ 171,111mi, gallo, , of ,,, tee
For infection or immunization of mice, the

inhalation method was adopted (I'mkamura, 1965)
A nebulizer with an air compressor conters per min)
was used. A group of mice (4 to 6 mice) \\, ere put
lit a glass \ CSSel \\itIt a narro\\. outlet and virus \\'as
bio\^it into the \, essel for 3 min. IVlice \\, ere ob-

served for two \\. eeks after infection. Then, sur-

viving mice \\. ere sacrificed by exsanguination by
cardiac puncture and consolidation of the lungs was
carefully checked. Sera of surviving mice were
used for the hemagglutination inhibition (Hl) test
and neutralization (NT) test

4. Hemnggli, ti, IQti'o11 111h, bitJ'o11 (H/) test
Amuse sera \\ere treated \\'ith an equal volume of

RDE (Takeda Pharmaceutical Co. ) overnight and
then iteated at 56 C for 30 min. For assay, the

used. Serial two foldmicrotiter method

dilutions of sera \\'ere mixed with an equal volume
of virus (equivalent to 4 HA units) and the mixture
was incubated at 37 C for 30 min. Then, two

6. Reco"ery of DJ','113 lion, lifected ling
G"owtlT of A2jOkuda!57 lung \\ as

followed after infection of mice b\, the inhalation

method. IVlice were sacrificed by bleeding and the
lungs \\. ere taken out together \\, Ith the trachea.

Then each lung \\, as washed \\, ith 0.5 in I of sterile
phosphate buffered saline and the washing fluid was
collected in a sterile tube. After one cycle of freezing

and thawing, the lung \\, as homogenized in a mortar,
and 5 inI of Hanks' BSS containig 0.025% BSA,
kanamycin (50 Agjml) and amphotericin B (2 Ag!in I)

added to the hornogenate. Homogenized
centrifuged at 10,000 rev!min forsamples

30 min, and the supernatant was used for titration
of virus. All the relsolated \, irus was identified as

A2!01<uda!57 using hornotypic and heterotypic
The lung exudate was assayed for inter-anti-sera

for on activity and neutralizing antibody

were

in mouse
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7. Intelfero, ! assay
For interferon assav, sera or lung exudates were

treated as described by NIIrchamsy and Rapp (1969)
Mouse L cell monolayers (60 mm petri dish) \\, ere
treated \\'itIT 0.5 inI of serially diluted specimens

for six hours at 37 C in a CO, -incubator. After
sucking off the liquid, 0.1 ntl of Mengo \, Irus
containing 50-100 FFU \\'as added and incubatioiT
was continued at 37 C for I hr. Then the petri

dishes \\. ere overlaid by 199 medium containing 5 %
calf serum and I % Bacto-agar, and incubated at
37 C for 2 or 3 days before counting the piaques
The interferon titer is expressed as the reciprocal



of the highest dilution of the sample which caused
more titan 50% piaque reduction

8. U P-fryadratt'DJ, of an', r's
Infected allantoic fluid \\, as diluted I : 5 \\ith

phosphate buffered saline and 3 in I aliquots of the
diluted material \\. ere put in 60 mm plastic petri
dishes. These petri dishes were placed under a
germicidal lamp (Toshiba germicidal lamp GL-15)
at a distance of 30 cm. Dunilg irradiation, petri
dishes were shal<en by hand.

RESULTS

I . Coll!ICct, on toilh tai0 7,111{s styaz'"s

The virulent strain AllF1\11147 and avirulent
strain A210kuda!57 were used throughout for
coinfection. Table I shows the result of coin-

fection of mice \\, ith A2jOkuda!'57 and All
FM1/47. The A2!Okuda!57 strain caused

no deatll or consolidation of the lungs (Gr. I),
while AllFA, 11147 caused deatll in one of five
animals (CT. 4). Coinfection of mice with
A1^^A{1147 and A2!Okuda!57 resulted in a
higher incidence of death and consolidation

of the lungs (Gr. 2 and 3). There \\ as ITot
much difference bet\\. eelt the Hl antibod\
(anti-AllFMlj'47) tite"s of se, " in th, group
infected \\. ith All'FM1!47 (Gr. 4) alone and in
those coinfected \\. ith both AllF\{I '47 and
A2!Okuda, ,57 (G". 2 and 3).

To confirm the results in Table I, various
dilutions of the FATl strain \\. ere used for in-
halation with or \\, ithout a constant amount of

the A2!Okuda!57 strain. The results in Table
2 also indicate that coinfcction \\, itIT the A2
01<uda/57 strain enhances the \, irulcnce of the

FMl strain judging from tlie incidence of
deatlT and consolidation of the lungs. Tills
suggests that, the A^Okuda-'57 strain supports
or complements gro\^th of the A1. ,'Fly11 '47

To investigatestrain in mice to some extcnt

this, the A2/Okuda157 stiain was subjected to
UV-irradiation and then used for coinfcction
(Table 3). UV-irradiation should minimize
the possiblity of complementation. Evei\ after
UV-irradiation for 5, 10 or 15 min, tlic A2
Okuda!57 strain still enhanced the virulence of
thc A1^^A{I 147 straiiT on coinfection

TABLE I.

Group
I\^o

Coin/ectz'on of 7112'ce 2:12'th 4/1FM1147 and 4210ki{dai57 (1)

I

Virus

A2jOkud, 157

2 A2jOkud"!57
AllFMlj+7

Virus
conccn tra-

non

(HAUlml)

3 A210kud, /57
AllFM1/+7

4

5

Flue aceek old 1,1110/e ddO I'llce fuel'e rised. After Infra/at, 'on DJ o1'1'"s, 1111't" tc, I'e o65"I'red Jul 14 day's. and
sui'urued nil'ce reel'e bled and checked 101' consolidation of Ihe Initg and Ht tire, of the sein. Conte, itI kilo" of
the o11'Ms 13 expi. essed 111 H, 11",'Is per 1111. The passage h!'stoiy of willses ai'e shore, I belotc.

rli/Fir///47 (E, M, , E, M, E. )
A210h"dai57 (E. ",)

to he, 'e E o1' M 711emi possnges 171 ego o1' an ,"0"se
H/ t, 'tel' of sei'",, I i's e:tpressed OS log, of the Jeepioco! of the hijhest d!lull'o11 of sei'11ni tch, t/: Inhibits coinp/ete/j,

the lieningg!"tinntJ'o11 bJ, the urns eq",:Dale"t to 4 HHU.
" - " 711en"s " ?lot tested " becawse of Iru'!"re of bleed, }Ig

AllFM1/+7

50

Deallt/
total

LE medium

50

10

Consolida-

tionj
survived

016

3

10

516

10

016

3/6

o

1/1

AllF\-11147
23+5

1/5

<3 <3 <3 <3 <3 <3

015

3/3

9

314

Hl liter

015

9 10

6

8

<3 <3 <3 <3 <3

9

A2/Okuda!57
2345

9

6 <3

I

3

+

<3 <3

,

<3 <3 <3 <3

6

> +

<3 <3 <3 <3 <3
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TABLE 2

Group
No

Corn/ect, 'on of nut, torth allFMlj47 and A210k"adj57 (2)

2

Virus

3

A210kud"/57

A2jOkuda/57
AllFM1/+7

A210kud, 157
AllFM1/+7

A2/Okud"/57

AllFM1/+7

AllFMlj+7

AllFMlj47

AllFM11+7

AllFM1147

+

a

6

7

8

HAD/inI

25

25

2

25

0.2

25

0.02

20

2

Virus concentration

All the it"", bel s ale exp, 'essed us Inditated In the legend of Table I. The possnge lustoi'y of the "iruses ale
allFMlj47 (E, , M, , E, M, E, ) ""of a210k"d"/57 (E. ,,)

TABLE 3.

E105u/0.1 inI

5 xiO,

5 XI06

I. 5 x 105

5 XIOe

I. 5 X 104

5 XIOs

I. 5 x 108

I. 5 x 106

I. 5 x 105

Group No

Omitfect, 'on of rill'ce Err'th allFM1147 and Up-,},. ad, ated 4210k"do157

Deathjtotal

0.2

0.02

2

014

115

Virus

Consolidation/
survived

3

AllFM1/47

AllFMlj47
A2jOkud"157

AllFM1/+7

A210kud"/57
(UV 5 min)

AllFM1/47

A2/Okud"!57
(UV 10 min)

AllFM11+7

A2/Okuda157
(UV 15 min)

A2/Okuda/57

A2/Okud"157
(UV 10 min)

I. 5 x 104

I. 5 x 10"

115

+

014

015

414

115

015

015

Virus concentration

EIDs0!0.1 inI

5 XIO'

5 XI04

2.5 x 107

5 Xi04

< 2.5 x 102

5 XiO'

< 2.5 x 10

5 XI04

<2.5

2.5 x 107

< 2.5 x 10

414

.

6

014

Passage histoiy of the '11/1ses used ale A2/Ok"da/57 (Eggg) and allFiV/7147 (Ej4 Mss E, Mg E, ). The condrt, bit
of Up-,','laditit!'on r's silo"" tit Mate, ','"!s and Methods. The absolute amount of a2jOki, dn/57 13 consta"t 11-
respecti"e of Up-irradiation

7

015

11+

015

015

Deathjtotal

014

2/4
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ConsolidationI
survived

2/4

212

1/4

31+

11+

3/3

01+

014

111

3/3

014

014



2. Prez', MMI, '11/3ati'on of mice
The above results show that coinfection of

mice \\, ith an avirulent and a virulent strain
resulted higher mortality and higher
incidence of consolidation of the lungs.
Therefbre, the effect of preimmunization of
mice \\, ith A2/'Okuda!57I on challenge \\, ith
A1^^M1/47 was examined. Table 4 shows th
results. lyrice in groups I, 2.3 and 4 \\, ere
preimmunized with A2/Okuda157 by the in-
halation method. Groups 5 to 8 \\, ere controls
\\, hicll \\, ere not jinmunized. Nine days after
preimnjunization, groups I, 2.3,5.6 and 7
unre .haireng, d witl, AllFM1147 by inhadti. n
and then all groups were observed for 14 da s.
ATice in groups 4 and 8 \\-ETe sacrificed b
cardiac puncture on the day of challenge and
the antibody titer of their sera was measured.
All the prcimmunized groups showed en-

In a

hanced resistance to challenge \\. it I) AllFi\11 I
47, \\, hile in the control groups death occurred
at all three challenge levels. The protective
effect of Immunization against challenge \, irus
is evident even though the antigenic t us
(A1 and A2) \\, ere different. This can also be
concluded from the incidence of consolidation
of the lungs. A similar type of experiment
was performed to confirm these results. The
Interval between preimmunization and chal-
Ienge \\, as lengthened to 22 days and a hi her
.hamng. do^. of AllFMlj47 **us us, d,
because at the time of challenge mice were
8 weeks old and somewhat resistant to challen e
virus. The results in Table 5 again show that
preimmunization with A^Okuda157 resulted
in a remarkable protective effect a ainst
challenge virus. On the day of challen e, no
neutralizing antibody to AllFMlj47 was found
in the sera of mice which had been preim-
mumi"*d with A210kud, 157 (T"b1,6).

A similar experiment \\, as done using live or
UV-kithd A2jOkud"157 iru^ or fo"malln-
killed AllF1\{1147 virus for Immunization.

Immunization was done by inhalation.
Twelve days after immunization these mice

were challenged \\, ith AllFi\{1147. Only live
A2, 'Okuda!'57 virus induced a protective effect
,garnet AllTM1/47 (T"b1.7)

The mechanism of protection against hetero-
typic virulent virus can be explained in several
w'ays. The first possiblity is interference
between preexisting A2jOkudaj'57 virus and
challenging AllFM1!47 virus. Fig. I snows
the growth of the A2jOkuda!'57 strain in mouse
lung. After infection of mice by inhalation,
the A210kuda/57 virus replicates for a few
days and then the \, irus titer declines ra-
dually. Eleven days after infection, there \\, as
no detectable \, irus in the lungs. Since we
challenged on the 9tli, 12th or 22nd da , after
immunization, the possibility of interference
between the two virus strains seems rather
Improbable. The second possibility is that
interferon is the cause of resistance. In these
experiments, we could not detect interferon
activity in mouse sera. we detected interferon

TABI, E 4. The effect of prez'"jinuna*at, 'on of
mace fullh 4210httdn157 on the cho//errge ECz'Ih
uru/errt AllFM/147 (1)

Imm Challenge
N tlon \\. Ith . cN, . ti. n with. _ AllFM1/+7

Ei0, ,10.1 in I

2

3

+

S

6

7

8

Yes

Yes

Yes

Yes

No

No

\'o

No

6 xi04

I. 5I 104

3 xioa

DCatl. /
total

Both plani, ,,'47/1/3nti'on in, d chal/e, ,ge acei'e dome b ,
?"halot, o71 101 3 nil, , OS described in Mater, 'a/s a of
Methods. C, TAI/e"ge FCns done 9 days after pram-
in MPU*at, 'on of 7117'ce. The illei' of 4210hud0/57 used
Joy A'e, }, Imjin!:sail'on cons 6XIO' EJD, DIM/. 6XIO'
E/D, . of allFM1/47,0, ,espo"ds to 5xlO' PFU
assayed DPI o"e ofny old IPIo"old3, e, ' of CAI'ch emb, ' o
cells. Passage 11/3/0111, of the allywses i's the 5,711e as
in Table 3.

Consoli-

dation/
survived

015

016

015

6 xi04

I . S X 104

3 Xi03

2/5

1/6

015

- --- -----

1/5

2/5

1/5

4/4

1/3

1/4
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TABLE 5. The effect of pi. et'"I"tuftz'gotio" of 7712'ce 202'th 14210ki, dn157 0" the challenge ECz'I tit}u ent
AllFA{11/7 (2)

Group
I. ;o

Iminuniza-
tion with

A2!Okud"157

\'c s

Yes

Yes

Yes

\To

No

I\To

No

2

3

4

Challenge
dose of

AllFM1/47
EIDs0/0.1 inI

4.7 x 106

4.7 x 105

4.7 x 104

>

6

7

8

Deatltj
total

Both pi elmm""1'30tio" and challenge reel'e do"e 61, inhalation 101' 3 in I'" as escri' e I'M
C/lane"ge reds done 22 days rift"I' piei", MM"13nt, 'on of 111ice. The tt'Ier of I " 5
t, 'on ECns lo' F10, ,im/. Prisonge history of the an'1'11ses is the same as I'm a e

Consoli-

daiion/
survived

212

215

1/5

3/5

015

015

4.7 x 106

4.7 x 105

4.7 X 104

TABLE 6. Newti'alz;31'fig antz'bodj, rigoz'its I All
FA{1147 ill ntoMse sei. a

AllFMlj47
4532

98

88778

78797

<3 <3 <3 <3 <3

5/5

114

3/5

jinmuniza-
Group NIOuse ,,, n \\ith
N, "' A2!Okud"157

Yes2-22

3-I

3-?

+-3

4-+

6-I

7-I

7-2

8-2

8-5

Hl titer

313

212

3

988

89

<3 <3 <3 <3 <3

6

6

A2jOkuda/57
32

6

6

7

4

Challenge
dose of

AllFMlj+7
EIDsu!O I inI

4.7 x 105

+

6

Yes

3

4

7

8

NT

antibody
titer

\'e s

7

8

6

5

4.7 x 104

<3 <3 <3

<3 <3

<3 <3 <3 <3 <3

6

6

6

8

NG

Expel'fine, ita/ conditic"s ale shore, , in the legc"d to
Table 5

7

6

6

> 64

>64

>64

<8

<8

> 64

> 64

>64

<16

<16

No

104

4.7 x 105

No

4.7 x 104

co

t,
.
.
co
.
E

2 103
co

.

. -.

70

.

.-
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TABI. r 7. Tile eyect o115iez'in"luringatto" of Mir'ce ECz'th n't!e A2jOki, do157, Up-In. ridt'ated a2jOAudn
57 and 10, ", nth-killed 4/1FA{/147 on the ,halle""e an'/h an'""/,"t 4/1FM/147
Group

No

2

3

immunization

A2/Okud"/57

A2/Okud"/57

A2/Okud"/57

A2/Okuda/57
(UV 5 min)

A2/Okud"/57
(UV 5 min)

A2/Okud"/57
(UV 5 min)

\10

\o

I. :o

AllFM1/47
(Formalin-killed)

AllFM1/+7
(Formalin-killed)

A I IFA, 11 147
(F. "in"tin-killed)

4

Challenge dose
of AllFM1/+7
LID. o10.1 inI

I I IOC

I X 103

I X 104

.

6

I

8

9

Death/
total

I X IOC

10

o14

014

014

4/4

314

1/4

11+

1/4

o1+

4/4

o1+

o14

I I 105

11

Consolidation/
Sur\'IVCd

I x 104

I I IOC

I X 105

I I 104

12

witltout consolidationa-

+ : $11gltt
+F : moderate to severe

Born pre!',,!Mir"1:30tJ'on a, Id chn//,, Ige fuere done 611 Inhalation 101' 371,111 as desci','bed I' M I " I d If
Chat/errge runs do, ,e 9 (Gi. 10,71,12) o1 12 (Gi. . I to 6) dai, s rifte, plum","",'*at, 'DJt of I, n'ce. Tile ti ei
a2/Okiid"/57 i'scd101. pi'e, ',,!,,!,,",*nil'o11 anus 6.4 x 10' BID, ,1,111. Passage hittoi. y of tile DJ'ruses used are 42 Oktida
57 (E. ,,) a"d AllFM1/47 (E, ,IV*, E, A1, E, ). T/, e ,,"it, b" of Up-,',""of^^t, '"" ,', ,/,,,",, ,',, Mat, ,, at, and
Methods. Tile PI'DCed"I'e to A'epni'e 101'", nil},-killed uricc, }re tons us foliotus. 071e Amidred (,"of e, ' h! IN/ o I'"-
Iec/ed cho, 'ion//rintoi'c fill'd tons centi',/riged (Spillco L, 30,000 12,111,171 Joy 3 nowi. s) and the tenet reas yes"s e, Ided
colth 10 ,"/ of PBS~. To the ",','"s sirspe, ,$10", 0.02 7111 of 101'1, ,nth, EUCs ridded. The conce, ,ti'all'0, , of for, ,!o1/11-
Ary/ed an'I, ,s ,ms 1024 11, U/,,!/.

21+

11+

2/4

Extent of consolidation"
2 3 4

I x 106

I I 105

1/1

2/3

3/3

3/3

31+

I X 104

T

+

+

+

+

<

FIGURE I. F1'1'11s gi'nanih fir, Ig die,
hula/!'o11 of a2!Ok, !do!57

MICe Fuel e litrecied ,ci'Ih/I eshb, piconi ed a2!Ok!Idaj
57 (E, ,,, 256 H, 4 U. ',, 11) by 111h0/o110/1 101 371,111
Frills 111e, ' Is e\piessed tts Ih" geo, ,, e/11'c 711, all of 17.0
tillce

+

+

+F

+r

+F

+F

4/4

3/4

+

+

+

+F

+

111 illOiise

+F

+r

+F

activity in lung exudates on the first or second
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of the sera, the viral replication of A210kuda157
strain \\, as not enhanced, so this possiblity
seems rather unlikely. Ten or 15 min Irra-
diation with ultraviolet light should reduce the
ability of virus to induce Interferon. However,
mortality and the Incidence of lung consoli-
dation \\. ere similar in the groups coinfected
with LV-ITradiated A2!Okuda157 virus and

I\:evertheless ex-live A^Okuda!'57
planation (b) is still possible. Explanation (c)
seems possible, because proteins are much more
resistant than ribonucleic acid to LIV-ITradia-
tion. However It is uncertain \\-bether the

amount of A2jOkuda!57 used for inhalation
was sufficient to provide SIalidase activity for
A1 IFM1!47 at the time of infection of host cells

DISCUSSION

The problems of control of viral infections in
man have been thoroughly reviewed (Hillman,
1969). The present work \\, as on some

fundamental problems related to live influenza

The enhancement of virulence observed on
coinfection \\, ith a virulent and an avirulent
influenza virus can be explained in several

These are : (a) complementation, (b)\\, ays.

inhibition of interferon synthesis as the result
of inhibition of host cell protein synthesis
(Gandhi and Bunt. , 1970) by miterI, n of
A2, ,'Okudaj57, (c) supply of some viral activity
such as SIalidase activity from the avirulent

strain and (d) an unknown factor(s). The first
possibility, which postulates that the viral
genome of A2!Okuda!57 will provide some
function for A1 IFM1!47, seems improbable,

after 15 min UV-irradiation thesince even

former strain enhanced the virulence of the
latter strain. However it is possible that
A2!Okuda!57 became more virulent on ac-

quisition of some function from AllT1\{1147 by
complementation. Judging from the Hl titer

^

vaccine

.

virus.

In vivo.

The protective effect of preimmunization
with a heterotypic virus can be explained in
several ways. Antibodies \\, Ith a broad spec-
trum have been shown to be evoked by in-
fection with live Influenza virus in guinea pigs

(Henle and Lief, 1963) and mice (Francis and
Magi11,1938). Thus the data in Tables 4.5
and 7 sho\\ ing that immunization \\, Ith a dif-
ferent type of virus protects mice against a
virulent strain may be because of antibody
(IgA or IgG) in secretions from the respiratory
tract or in the serum. A second explanation Is
that interferon may, cause resistance (Gandhi
and Burke, 1970). This possibility seems
unlikely, because 9 or 22 days after infection of
mice with influenza virus, there is probably
little interferon activity in the sera or respiratory
secretions (Cate at a1. , 1969). Moreover we
found no interferon activity in secretions of the
lungs or in the serum at the time of challenge.
A third explanation is that factors other than
interferon cause interference. To investigate
thi^ pus*foility, th. g", wth of th* A2jOkud, 157
strain in mouse lung was investigated. The
viral growth curve showed that there \\, as little,
if any, A210kuda157 virus in mouse lung at the
time of challenge \\. ith AllFM1147. A fourth
possibility is the presence of some unknown
factor. Cate at a1. (1969) reported the presence
of this type of factor(s) in cases of thinovirus
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and coxsackie virus infection. In any case, the
results shown in Tables 4, 5 and 7 are en-
couraging for development of live influenza
vaccine which can overcome the variation in
antigenicity of influenza virus. The fact that
mattingred influon"^,,.. in, (A21J^pan1305j57)
was not so effective against the 1967 A2 strain
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