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UMMAR\' Cross-protection among influenza viruses was studied in mice. \10r-
tality, consolidation of the lungs and neutralizing antibody were used as indices of

protection. Immtinization of mice with live avirulcnt A Okuda I 57 (H N, ) or A I'
Osaka I9I 70 (H, N, ) I, ad a protective effect against challenge \\, ith \, irulent A I
FM1 I 47 (H, \,) while immunization \\, ith live avirulent B I' Osaka I' 3I 71 resulted
in 110 protection against A I FA11 I' 47 (H, N, ). No neutralizing antibody or hemag-
glutination Inhibition antibody against A I' FA11 I' 47 (H N ) was fotind in the sera
or' lung exudates of mice jinmunized witlT live A I' Okuda I 57 (H":*;~ ), even when
nTice \\, ere jinmunized +-5 times at \\, cckly, 11Ttervals. A10reover, pooled and con-
centrated sei a o1' lung exudates of mice jinmunized \\, ith A I Okudaj 57 (H N )
^I". wad 00 ne"t"alumg antivity "gymst A ' FA, 11 I 47 (H N ). Th" pus^Ibl. ". re of
Immtinoglobulin in inng secretions or sei'a is discussed.

INTRODUCTION

For more than a decadc, live attenuated in-
Huenza \, accines Ilave been tested in field tiials
(Stuart-Hariis, 1970 ; Okuno and Nitamtira,
1966). But there are still many problems to be
solved about these vaccines, suclT as lack of
laboratory marl<ers for attenuation of virus and
evidence for the overwhelming advantage of
using live \, accine (Stuart-Harris, 1970). In
the previous report (Kurimura et a1. , 1971), \\, e
described some characteristics of infection jin-

in unity against Influenza in mice. Table I
summarizes prcviotis c\PCriments. Preim-

inunizatioii \\, Ith 11vc A I Okuda I 57 (H, N, ) cf-
rectively protected mice against challenge \\, ith
the heterotypic \, irus, A I' F\'11/47 (H, \,). On
the othe" hand UV-kithd A I Okud", 157 (H, \,)
virus \\. as ineffective. The broadened spec-

trum of Immuni^, evoked by immunization
with a 11\, e avirulent influenza virus strain must

be evidence for' the advantage of using live ill-
fitienza \, accine. Recently, \\Ialdman at al
(1970) reported that the characteristics of se-
CTCtorv IgA \\, ere less specific than those of
scrum IgG. If this is so, thc routc of irumu-
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nization must be very, important in influenza
vaccination. In this paper the characteristics
of immunity evoked by Infection of mice with
a live avirulent influenza virus are discussed.

I\, IATERIALS AND METHODS

I . Mice

Four or 5 \\ eel{ old in bred female ntice of the ddO
straiit \\, ere used throughout. At the beginning and
end of experiments, control ITTice \\, ere checked for
HVj infection

2. 1141/11c, 13n "!'I i's

As avirulent strains in mice, A10kLidaj57 (H*N, ),

A10^, iru 19 I 70 (H, N, ) (H. rig Kong typ") "rid BIO-
saka13171 were used. The latter t\^o strains \\, ere
freshly isolated lit our laboratory, . A10kuda!57 (H,
N ) is known to it a\, e similar laboratory, character is-
tics to another attenuated \, Irus (\\, illers and Beare,

1970). The AIFMlj47 (H, N, ) an am **us used as
the virulent straii. for' challenge. Ten day, old fertile

eggs \\, ere infected \\, ith diluted virus samples and
two (or three, in the case of t}'pe B virus) days later
the allantoic fluid \\, as harvested. its \, irus titer \\ as
determined at the time of infection of mice by the

EID, test or hemagglutination of chicl< red blood
cells

4. A'eitti riftsnt, 'o11 lust nild Ileiiitigg/!, 1/1/'11'o11 111hibi'-

troll test

These tests \\. ere done as described elsewhere

(Kurimura at a1. , 1971). The Hl antibody titer is
expressed as the log, of the reciprocal of the ITighest
serLim dilution causing Inhibition of hemagglLitina-

The NT antibody. titer Is expressed as thetion

reciprocal of the ITighest dilutioi\ of serum SITo\\'ing
neutralization of virus in ntore thail 501. n of the eggs
Pooled sera or lung exudates, \\. ere concentrated by
ultrafiltration lit \;isking tubing (size 8132) tinder
reduced pressure. After concentration, sera or lung
cxudates \VCI. c dialyzed against 50 \, o1umes of Eagle s
A, IEi\, I for several it ours at 4 C

3. 111,111,111r*nil'o11 nild cliff/!eiig" o1 1111'cc

For challenge of mice witlt the \, ITLilent straiit A1
FAlllj47(H, N, ), the inhalation method Lising a richLi-
112er was adopted (Nakamura, 1965). killce werc
jinmunized by inhalation, Intraperitoneal injection o1
subcutaneous injectioit of virus. The inter\. al be-
t\\. eelT immunization and challenge was I+ day's
IVlice \\. ere obsei. ved for. t\\ 0 \\ eeks after infectioit 11nd
at the end of the experiments survi\. Ing mice \\. etc

sacrificed b} exsanguiiTatioi\ and their lungs \\'erre
checked carefulI\' foi consolidation. The extent of
consolidatioit is expressed as 0, I, 2,3 or 4, repre-
senting 0,25.50,75 or 100'. I consolidatioit of the
lungs. To obtain lung exLidates, the lungs \\'ere
takeit out together \\'Itit the trachea and each lung
\\'as \\'ashed \\'ith 0.5 ittl of phosphate bLiffered saline
(PBS). Sera of ITtice \\'ere LISed for' assay of NT
and Hl antibod\. and lung exudates for' assay of NT
antibod\.

RESULTS

As described in the previous paper, Immuniza-
tioi\ of mice \\, ith live avirulent virus 9,12 or 22

days before challenge with Iteterotypic virulent
virus, resulted in protection against virulent
virus (Table I)

These experiments showed that the nTice
developed broadened immunity after Immuni-
zation \\, ith live type A Influenza virus. The
experiments shown in Tables 2 and 3 \\, ere
performed to examine the spectrum of jin-
nTuni^, evoked b}, jinnTunizatioi} \\, Ith various

TABI, u I
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AIFM11+7live

A10k. dais7 (H, N, )
(H, N*)

Challengc"

interval
bet\\ een

11nmuniza -

lion and

challengc
(d"Vs)

UV-killed

A10kuda157
(H, N, )

a Summary of experiments described in the pievious
paper (Kurimurti at a1. , 1971)

b Immunization rind clTallciigc \\'eru donc b}' thc
in hallatioiT it, ctl, od

EfTec-
tivcness

of
jin muniza-

110n

AIFM1/+7
(H, N, )

9

12

22

+

12

+

+



types of influenza virus. NIIce were jinmun-
ized by the inhalation method \\, ith A10saka;
9170(H*\,) (H. rig 1<. rig try. ) and 14 thus later

chad, rig. d by A1'FAT1, '47(H, \,)they
(T^b1* 2). Judging f, .in th. neath into and
incidence of consolidation of the lung, these
heterotypic strains gave cross protection and
jinmuni ed mice \\, ere more resistant to chal-

Ienge than nonimmunized controls.VITUS

These data suggest that cross protection after
Immunization witlT live \, irus is a common

phenomenon in various strains of type A in-
Huenza virus. But this type of cross immunity
does not give a sufficiently broad immunity to
overcome the antigenic heterogeneity between
A (H, N, ) typ. and B typ, trusts (T, b1, 3).

TABI, E 2. Effect of Immunization of in, 'ce ECt'/h '10snkn19j70(H, N, ) on Ihe effect of chn//errge
EU'Ih till. Mie"t AIFMlj47 (H, N, )

\\, ere

Group
\'o

Immunization

**ith A10sakaj9j70
(H*N*)

I

2

4

5

6

7

8

Yes

\'es

Yes

Yes

No

\, o

No

Nu

Challenge dose
of AIFMlj+7

(H, N, ) HAUjml

I'll"I"",*at 1'011 and thanCPIge fuel'e do"e by nthtt/nil'0, , 101' 31, n'" us descii'bed else"he I'e (Kurin!"rn at at. , 1971)
Tile p, i'sng, Ie"e/$ of Ihe an', i'ses used reel'e

AIFMlj47 (H, A1, ) (E, ,M, ,E, M, E, )
,10, akaj9170 (H, A1, ) (E, )

tchei'e E a, Id I'll, ren" prisinges in ICJ!,'/, cggs o1 171 1111'c". letecti'",/I, . 771e collce"tinti'on of '10snAnj9!70 (H, N, )
i'sed 101 1'11!,, inn, *nt, 'o11 EUas 70' ' RID, ,10.1,111. I'llte 111 gi'uups 4 and 8 reel'e sric, ', FCed on the day of challenge

500

50

TABLE 3. Effect o1 animi, "13niio" of mace ECi'th BIOSnknj3j7/ on Ihe effect of challenge torth
an^'"/e"I alFMlj47 (H, N, )

dearl. it utai

a

500

50

015
015

015

Group
No

Grade of consolidation of lungs

>

immunization
WitlT

BIOSak"13, I

2

3

+

5

6

315

015

115

o

o

o

+

o

o

2

o

o

o

o

2

3

o

3

Yes

\'es

\'CS

Ycs

\^o

\'o

\10

No

Challenge dose
of AIFMlj47(H, N, ) d, "Ih/t, I"I

EIDscjO. Imj

o

o

o

o

I

+

7'11e by, ,rig" I, ", A of th" ,,',",", coe, e BIOSnk0!3171 (E, ) and AIFM/147(H, N, ) (E, ,M, ,E, M, E, ) and th" ",,\,
11'1",' of Bio, akaj3j71 run$ 10' ElD, o10.1, ,11. Ante 1'71 gro"ps J and 8 reele sac, "FCCd on the day of challenge
7'11e drill'604, I e$ponse 10 BIOSnhn!3171 it's good illdgi'"g 1101/1 the H/ millbody litei' of the sei'w"I

8

o

o

o

5

I XiOs

I x 104

I X103

2

o

o

o

o o

I x 105

I X 104

I X 103

5/6

2/6

116

Grade of consolidation of lungs

516

316

116

3

o

2

o

2

2

o

+

2

o

o

o

o

2

o

>

2

6

o

o

,
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TABLE 4. Effect of tmmt, it's attons of mice coath 410kt, da157(H, N, ) by Inn'riper110"err/ Ihj'ectz'on
Qnd titho!atton on th, effect of challenge myth o2', u/e"t 41FM1147(H, N, )

Group
No

Challenge dose
Immunization of AIFt*{1147 deathsjtotal .

(H, N, ) I-IAU/inI

2

4

11

intraperitoneal
Injection

2

3

4

111
2

3

4

Inhalation

64

6.4

0.64

The a?,, Dunt of aloha, da/57(H, N?) Msed101' I'"lint, "!'sat, 'on by ;'"t, apei'I'tomeo/ litj'ecti'on cons 2 X 10' ElDSUj0.2 "11 pel'
mouse and that 101' I'"hamt, 'on 101' 3 ,"I'" reds 70' EJ0, ,10. I nil. The passage Ie"e! of AIFM1/47 (H, N, ) cons in
101' table 2 a"d that of aloft"dai57(H, N*) reds E. ,,. Challenge cons done by the Infra/all'on 111ethod. MICe in
gi'o14ps I-4, If-4 and 1/1-4 fuel. e SOC, .diced on the day of challenge to exm",'"e the extent of co"$011dntJ'on of the!',
lungs and the ant, 'body t, 'tels of the, ', sei a agar',, st A10k"du/57(H*N, ) and AIFiV/1147(H, N, ). Mice in these
groups sho"ed ito lung consolidot, 'o11 and MD H/ in^ti'body to AIFM1/47(H, N, )

nonimmunized
control

6+

6.4

0.64

3,

217

ip

Grade of consolidation of lungs

o

2

TABLE 5. Anta'body I'espo"se of inz'ce riftei' rim!11>/e expostti. es to lite A10hudoj57 (H, N, )

64

6.4

0.64

2/8

018

017

2

o

3

o

o

Group
No

+

o

o

3

2

o

o

818

418

217

5

3

o

No. of

Exposures

2

3

4

5

6"

7"

6

o

,

2

o

2

o

2

o

o

o

I

2

o

4

o

8

o

2

o

o

A10kud, 157 (H, N, )

,

4

5

3

o

NT

2

o

o

2"" (5) of

2" ' (4)

2" " (4)

> 2' ' (5)

> 2' ' (6)

<2" ' (2)

< 2' ' (4)

NT and H/ ant, 'body t, 'tel's lit "louse seio areI'e exa, ",'"ed tiltei' $1',, g/e o1 ,""/tip/e expos",'es to a2/Ok"dub7
(HgA'a) (Egg, , 10' ' - 10' ' BIDS, 10. I 1111) by I'Mh"/at 1'0" 101.3 nun. Mr'ce fuel e sacijjtced by ex$@"g",'"Qt, 'on 2 reeeA,
ofter the last Jin",""is at 10n. N0 7121'ce shoreed any conso!, Vat, 'on of the lung
a Sacrificed at start of experiment
b Sacrificed at end of experiment
c Geometric mean tilei

of Number of sera tested

o

2

o

none

none

4

o

o

Hl

3

o

2.0 (4)

2" ' (6)

2' ' (6)

28-, (6)

2' ' (2)

< 2" ' (3)

<2" ' (3)

Antibody Titer

o

AIFM1/+7 (H, N, )

NT

o

3+

<2' ' (2)
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< 2' ' (2)

<2" " (2)

<2" " (6)

< 2' ' (2)

< 2"-0 co

Hl

<2" " (4)

<2' ' (6)

< 2' ' (6)

<2" ' (6)

<2" " (2)

<2' ' (3)

<2" " (3)

A10sal"aj9,0 (H*N, )

NT

<2" " (3)

< 2" ' (3)

<2' ' (+)

< 2" " (2)

<2' ' (3)

<2' ' (2)

< 2' ' (2)

Hl

< 2' ' (4)

<2' ' (6)

< 2' ' (6)

< 2" ' (6)

< 2' ' (2)

<2' ' (3)

<2' ' (3)



This confirms previous results which excluded
the possibility of interference as a cause of
cross jinmunitv.

Truection Is a more convenient method of
immunization than inhalation. Table 4 sho\\, s

the result of immunization by the intraperi-
toneal route. Nilce \\. CTe preimmunized by in-
traperitonealinjection of live avirulent virus (A
Okuda!'57 (H, N*) and 14 days late", they were
.hall, ng"d with virulent AIFMlj47 (H, N, ) by
the Inhalation procedure. Intrapei. it oneal jin-
in unizatioii also I. esulted in some protection
against Infection \\, It11 a heterotypic virus \, Ia
the respiratory tract. These results seem to
agree \\, ith those of \\;aidman er a1. (1968).

Henle and Lief (1963) reported that re-
peated infection of guinea pigs \\, ith one strain
of Influenza virus broadened their antibody
spectia. \\re carried out a similar type of ex-
perlment to examine the nature of the pheno-

T, \Bi, n 6. Nei, 11'anal'"g rin!1604, In pooled and concenti'ated sei'a and INNg exudntes

menon of broadened protection. Single or
multiple exposures (at weekly Intervals) of mice
to lire A1'Oku, this7 (H, N, ) by in hami. n did
not result in the appearance of Hl antibody or
NT antib. dy ,gymst A1'FM1!'47 (H, N, ) or A1'
O, "k, 19. ,'70 (H, N, ) in th. ^,"urn (T, b1, 5).
Similar results \\, ere obtained when mice \\, ere

injected subcutaneously \\, ith doses of 2 x 107-5
ET05u per mouse, as shown in Table 5. \\;e
could not demonstrate the participation of se-
rum neutralizing antibody in broadening the
spectrum of protection by the above experi-
merits, so \\, e made the experiment shown in
Table 6. However \\, e could not detect any
activity to neutralize AIFA, 11147 (H, N, ) virus in
sera or lung exudates of mice jinmunized two
wad*^ previ. usIy with A10kud, 157 (H, No.
even when concentrated samples of sera or
lung exudates were examined.

Gi. uup
A'D

Nt:. of
11.1CU

littmuniz"tion
\\-ith

A10kuda157(H, N")

2

23

10''' ElD, ,/0. I 7111 of Aloft"dub7(H*N, ) (E. 88) runs t'sed /o1' I'Mi, ,Iu"!*nil'on bj, I'Mhn!@lib". Ttco areeks rifle, 1'1,1111u, ,,'-
sailo" the rel'a in^d Inng arrivalitgs of I'll're 111 errc/, gio"p reel'e pooled and colice, 111'ated us desci'1'6ed 1'71 " MR-
rel', tilt a"of .V, thods ". Four o1' lite lei'11'1e eggs fuel'e t'sed to test 101 A'T ant, '604, at each dilttti'on of conce"-
Jiniet/ sei'a o1' conce"11'ated I'mg c\,, drift"

23

Yes

DISCUSSION

Cross protection or broadening of the spectrum
of immunity to type A influenza \, ITUses is a
very Important phenomeiTon for evaluation of
the value of live influenza vaccine. The pre-
sent experiments indicate that immunization
of mice \\, ith avirulent A (H, N, ) or A (H N, )
Influenza \, iruSCS I'eSulIs in plotectiOn against
tire virul. nt strum A 'F\1147 (H \ ). xi. re-

SPCcimen

\'o

scruii,

lung exudatc

T'jinCS
concentrated

scrunl

lung exudatc

NT titer of concentrated

specimen

A10kudaj57(H, N, ) AIFMlj47(H, N, )

5.0

3.0

3.3

4.0

400

16

<8

<8

UVei' immunization \\, ith A1'Okuda/57 (HeN2)
results in protection against virulent A1'Osaka-'
5,170 (H*N, ) (Mand^, unpubltsh. d hat'). C"us*
protection is only observed within the type A
group and does not occur between type A and
t}, pe B viruses. Thus, CIOss immunity is POS-
SIbly catised by humoral antibody. However,
so far It 11as not been possible to demonstrate
ncuti'allzing antibod\, in lung secretions or sera

<2

<2

<2

<2
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and even after multiple immunization of mice
with lire Alohad^157(H*N, , 00 neutron"ing
antib. dim ^gymst AIFMli47(H, N, ) or A10-
sakaicy70 (H, N, ) could be found in the serum
or lung exudate. A10reover, pooled and con-
centrated sera and washing fluid from the lungs
of mire jinmuni""d with A10kud, 157 (H, N, ),
showed no neutralizing activity against A. ,
FM1147 (H, No. Th, pus^fore pre^, nor of
antibody, should be examined using a more
sensitive method, e. g. the PIaque reduction
method, and neutralizing activity should be
tested LISing more concentrated washing fluid
from the lungs.

Secretory IgA Is the most important factor
in protectioi\ against \, Ital respiratory diseases
(Mann at a1. , 1968; R, ^^, n er a1. , 1971). \V,
could not demonstrate neutralizing antibody
against A1'FATlj47 (H, NT) in lungwashings, but
there are two reports which support the POS-
SIbility that IgA is the cause of cross pro^C-
tion. \\'aldman at a1. (1970) suggested that
IgA is less specific than IgG in lung secretions
and this could be so in our mice. In their ex-

pertinents, the post-immunization NT anti-
body titers to hornotypic virus A1Taiwan!64
(HgN2) of the sputum were betweeiT I : 2 and
I : 32 \\, hile those to heterotypic A1Hong
K. rig168 (H, N") or AIFRj8(H, N, ) virus were
between I : I and I : 4. Three of 17 cases did

not sho\\, NT antibody against ITeterotypic type
A \, iruses, but it is conceivable that, if the

antibody, level in the sputum against horno-
typic virus were about I : 2 to I : 32 (which
correspond to values of 4 to 64 in this paper),
it would probably be possible to detect neu-
tralizing activity against heterotypic viruses.
As shown in Table 6, NT antibody to ITete-

could not be demonstrated inrotypic virus

pooled and concentrated sera though there \\, as
a fairly high level of neutralizing activity of
hornotypic virus. Intraperitoneal injection of
live A10kudaj57 (H, N, ) virus also induced
cross protection against AIFMlj47 (HINT) in
mice but the extent of protection was some-
what less than when the inhalation procedure
was used. This also seems to agree \\, ith the
readts .f \\'aldman at a1. (1968). An. ther way
to evaluate the role of secretory IgA in cross
protection would be to employ a different
route of challenge, but, as already reported
(H. y1, , 1968 ; Schmidt-Ruppin, 1968), .hal-
long, of mine with AIFMlj47 (H, N, ) by th,
intraperitoneal route was unsuccessful.

This phenomenon of cross protection among
type A influenza viruses shows some degree of
specificity, so its cause may differ from that of
the phenomenon of non-specific protectioiT be-
tween Thinovirus and Coxsackie virus (Cate at
a1. , 1969)

Studies on the possibility that some cell as-
SOCiated factor is involved in cross protection
among type A influenza viruses are in pro-
gress.
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