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UMMARY A total of 195 students in a nursing school and a school of medical
S technology were immunized with inactivated influenza vaccine in divalent form
as various combinations of types A and B in November and December, 1977. The
seroconversion rates about one month after vaccination with type A and B influenza
viruses were 20.0-94.1%, and 29.4-77.89%,, respectively. Soon after vaccination,
there were successive epidemics of A(H3N2) and A(HIN1) influenza, starting in
December, 1977. The incidences of A(H3N2) and A(HIN1) influenza were
evaluated by the hemagglutination-inhibition (HI) antibody responses to H3 and
H1 antigen in vaccinees given vaccine without H3 and HI, respectively. Students
vaccinated with vaccine containing N1 but not H1 showed a much lower incidence
of influenza than those given vaccine containing N2 but not H1 during the epidemic
of A(HIN1) influenza: However, there was no significant difference in the in-
cidences of influenza in groups given vaccine containing N2 but not H3 or N1 but
not H3 in the epidemic of A(H3N2) influenza. Anti-N1 neuraminidase-inhibition
(NI) antibody seemed to be evoked by vaccine containing N1 but not H1, when
tested 1 month after vaccination, because the positive ratio of NI antibody was
higher in the group given this vaccine than in the control group given vaccine con-
taining necither N1 nor H1 and also than that in pre-vaccination sera.

INTRODUCTION

There are many reports on the effect of in- port, 1974; Parkman et al., 1977; Welty et al.,
activated influenza vaccine in monovalent 1977a, b), or in polyvalent form (Hilleman,
form (Fulk et al., 1970; Hennessy and Daven- 1969; Ruben and Jackson, 1972; Zavadova et
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al., 1972a, b), and on its prophylactic efficacy
against natural infection or artificial challenge
with various viruses (Knight et al., 1971; Wes-
selius-de Casparis, Masurel and Kerrebijn,
1972; Kilbourne, Butler and Rossen, 1973;
Virelizier, 1975; Delem and Jovanovic, 1978).
However, only HI antibody in the serum or
nasal secretion has been examined, and there
is no evidence that NI antibody plays any role
in protection from infection, although there
are reports that this antibody is evoked by
vaccination or natural infection (Kilbourne,
Christenson and Sande, 1968; Schild, 1969;
Schulman, 1969; Fedson et al., 1971; Slepush-
kin et al., 1971; Hennessy, Minuse and Daven-
port, 1972; Murphy, Kasel and Chanock,
1972).

In Japan, starting at the end of 1977, there
were successive epidemics of two types of in-
fluenza, A(H3N2) followed by A(HINI), in
one season. As described in this paper, just
before the onset of these epidemics, inactivated
influenza vaccines of divalent forms as various
combinations of types A and B were adminis-
tered to groups of volunteers, and the in-
cidences of influenza in each group were com-
pared according to the antigenicities of H and
N in the vaccines. Evidence was obtained

that anti-N1 NI antibody evoked by the vac-
cine was effective in protecting vaccinees
against an epidemic of A(HINI1) influenza.
This paper also discusses intra- and intertypic
antigenic variations of N1 and N2.

MATERIALS AND METHODS

1. Vaccines

Inactivated influenza vaccines in divalent form
were provided by the Committee for Study of In-
fluenza Vaccine in Japan (President: Dr. Hideo
Fukumi, NIH of Japan, Tokyo). The antigenic
designation of the recombinant influenza A viruses
were as follows: A/KIX-18(HON2) from A/PR/8/
34(HO0)-A/Kumamoto/22[76(N2) and A/KIX-17
(H3N1) from A/Kumamoto/22/76(F3)-A/PR[8/34
(N1). The code numbers and compositions of the
vaccines used are shown in Table 1.

2. Subjects and schedule of vaccination

A total of 195 students in a nursing school and a
school of medical technology, aged 18 to 26 years,
were divided into 5 groups according to the kind of
vaccine they were given, as shown in Table 1. These
subjects were vaccinated twice, with an interval of 2
or 3 weeks between vaccinations, by subcutaneous
injection of 0.5 ml of vaccine. Blood specimens for
serological tests were taken 3 times: before vaccina-

TaBLE 1. Vaccines used and the time schedule for vaccination and bleeding

Vaccine
No. of -
Code Virus present CCA® vaccinees 152:!5?5;,3511(;3 e(%)re

V-1-77 A/KIX-18 (HON2) 400 34 Oct. 19, 77
B/Kanagawa/3/76 300

V-2-77 A/KIX-17 (H3N1) 400 49 Oct. 26, *77
B/Kanagawa/3/76 300

V-3-77 A/Kumamoto/22/76 (H3N2) 400 45 Oct. 22, 777
B/Kanagawa/3/76 300

V-5-77 A/PR/8/34 (FHONT1) 400 31 Nov. 19, '77
B/Lee/40 300

v-7-77 A/Adachi/2/57 (H2N2) 400 36 Nov. 19, ’77
B/Lee/40 300

@ Chick cell agglutinating units/ml.
b Not done.
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tion (I), and 1 month (II) and 6 months (III) after
vaccination. Specimen III could not be obtained
from 49 persons given V-2-77 vaccine because they
had graduated from the school when the specimen
was taken.

3. HI test

HI antigens were either provided by the Com-
mittee for Study of Influenza Vaccine in Japan or
prepared in this Laboratory in the normal way by
cultivating the virus in the allantoic cavity of de-
veloping chicken eggs. Serum specimens were
treated with RDE (receptor-destroying enzyme,
Takeda Pharmaceutical Co., Osaka, Japan) at 37 C
overnight and then heated at 56 C for 1 hr to elimi-
nate non-specific inhibitors. For the HI test, the
V-type microtiter plate method was employed and
PBS (phosphate buffered saline) was used to dilute
HI antigen or serum samples, and to suspend
chicken red blood cells in 0.5%. An antibody in-
crease of more than 4-fold at 1 month (specimen 1)
or 6 months (specimen III) after vaccination was
regarded as indicating seroconversion.

4. NI test

The NI test was carried out according to the
method of WHO (Aymard-Henry et al., 1973) in a
small test tube. The A/KIX-17(H3N1) strain and
fetuin (GIBCO, U.S.A.) were used as NI antigen
and substrate, respectively, in the reaction.

RESULTS

L. HI antibody responses to the strains con-
tained in the vaccine

The seroconversion rates and geometric
mean titers of HI antibody to the strains in
each vaccine are summarized in Table 2. The
seroconversion rates against type A and B
varied from 20.0 to 94.1%,, and 29.4 to 77.8%,
respectively, probably because of the potency
of the vaccine or the antibody titer before vac-
cination. The Lee strain of type B seemed
to have a higher potency than the Kanagawa
strain of type B.

The difference between the geometric mean
HI antibody titers in specimen I and those in
specimens II and III represents the antibody
response of the vaccinees. It is unknown
why the geometric mean antibody titers in
specimen I of groups V-1-77 and V-7-77 were
so high against vaccine strain, B/Kanagawa
and A(H2N2), respectively. The seroconver-
sion rates tended to be lower in these groups
than in other groups, possibly due to the
higher prevaccination antibody titers.

Date

1st vaccination 2nd vaccination

2nd bleeding (I month

3rd bleeding (6 months

after vaccin.) (II) after vaccin.) (III)

Nov. 9, 77 Nov. 30, *77
Nov. 16, *77 Dec. 7, °77
Nov. 16, '77 Dec. 7, ’77
Nov. 19, ’77 Dec. 3, '77
Nov. 19, °77 Dec. 3, '77

Dec. 14, 77 Jun. 7, °78
Jan. 14, *78 ND?
Jan. 28, ’78 Jun. 7, °78
Jan. 10, °78 Jul. 1, *78
Jan. 10, 78 Jun. 20, °78
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TaBLg 2. HI antibody responses of vaccinees as measured with homologous antigen contained in

the vaccine

Seroconversion 1 month
after vaccination (II) vs

Code of Virus strain

Mean HI antibody titer (27) vs

Type A in Type B in

vaccine present

Type A (%)

Type B (%) 1 I I R I

v-1-77 AJKIX-18 (HON2)
B/Kanagawa/3/76

V-2-77 A/KIX-17 (H3N1)
B/Kanagawa/3/76

Vv-3-77  A/Kumamoto/22/76
(H3N2)

B/Kanagawa/3/76

V-5-77  A/PR/8/34 (HON1)
B/Lee/40

Vv-7-77  A/Adachi/2/57
(H2N2)

B/L.ee/40

32/34%(94.1)

31/49 (63.3)

9/45 (20.0)

13/31 (41.9)

12/36 (33.3)

10/34 (29.4) 32 84 80 6.9 7.6 7.3
16/49 (32.7) 0.9 5.7 NE* 2.0 40 NE

17/45 (37.8) 3.8 5.8 49 2.7 52 4.0

21/32 (67.7) 0.3 41 2.4 2.5 57 5.1

28/36 (77.8) 62 7.4 7.1 0.7 55 5.2

¢ No. of subjects showing more than 4-fold increase in antibody/No. vaccinated.

b Not examined.

2. Incidence of A(H3N2) influenza in groups
given vaccine without H3

The groups given V-2-77 or V-3-77 vaccine
which contained H3-antigen were excluded in
this analysis, because it was not possible to
distinguish antibodies evoked by the vaccine
from those evoked by natural infection. In-
creases in antibodies against H3-antigen in
specimen 1T or 11T in the groups given vaccine
without H3 were considered to indicate na-

tural infection in the epidemic. Therefore,
the incidences of influenza determined in this
way in the groups given vaccine containing N1
and N2, respectively, were compared (Table
3) to determine the effect of anti-N2 NI an-
tibodies on the incidence of A(H3NZ2) influ-
enza. No significant difference was found
between the groups given vaccine containing
N2 and that containing N1, the values being
37.19%, and 35.59,, respectively.

TaBLE 3. Effects of vaccines with N2 or NT but without H3 against epidemic of A(H3NZ)

influenza
Vaccine code (Anti- Serc;peaga'tive Incidence rate? observed in
Group geni_city of type A - ratio™ 10 DS —
virus present) I (%) mo(%) UL (%)  Total (%)
V-1-77 (HON2) 10/34  (29.4) 8/34 (23.5) 2/34  (5.9) 10/34  (29.4)
N2 V-7-77 (H2N2) 31/36  (86.1) 15/36  (41.7) 1/36 (2.8) 16/36  (44.4)
Subtotal 41/70 (58.6) 23/70 (31.8) 3/70  (4.3) 26/70 (37.1)
N1 V-5-77 (HONT1) 25/31  (80.6) 8/31 (25.8) 3/31 (9.7 11/31 (35.5)

@ Subjects with HI antibody titers of less than 1:16 were regarded as seronegative.
v Fvaluated as more than #4-fold increase of anti-H3 HI antibody titer after an epidemic of A(H3N2)
influenza. A/Yamanashi/2/77(H3N2) was used as HI antigen.
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3. Incidences of A(HINT) influenza in groups
given vaccines without H

Similar comparisons were made of infection
during the epidemic of A(HINI1) influenza.
As shown in Table 4, group V-5-77 given vac-
cine containing N1 had a lower incidence rate
(12.9%,) than the other groups given vaccine
containing N2, or not containing N1 (35.7%).
Thus anti-N1 NT antibody induced by vaccine
containing N1 had some protective effect
against infection.

4. Anti-NT1 NI antibody response

Blood specimens I or II of individuals in
the groups given vaccine with N1 (V-2-77 or
V-5-77) or without N1 (V-1-77) were tested
for anti-N1 NI antibody (Table 5). The
positive ratio of anti-N1 NI antibody was 19/
30 (63.39%,) for all the persons given vaccine
containing N1, and this was significantly high-
er than that of the person given vaccine with-
out N1 (6/15) or that in the prevaccination
sera (total 12/45).

DISCUSSION

Two successive epidemics of different type A
influenzas in the same season are rare, al-
though epidemics of combinations of types A
and B are fairly common. In this work in-

TasLE 4. Effects of vaccines containing N1
nfluenza

activated influenza vaccines containing various
antigens differing from those of these two
type A epidemics were administered to stu-
dents aged 18 to 26 years before the epidemics.
The rates of infection of these students in the
epidemics of A(H3N2) and A(HIN1) influ-
enza could be compared because the immune
status after vaccination should persist for at
least 6 months, and because the epidemics
seemed to occur between the times of blood
samples, I and II, and IT and IIJ, respectively,
judging from the data on the incidence rates
shown in Tables 3 and 4.

The seroconversion rates of the homologous
antibodies to the vaccinated strains were fairly
high, but varied from 20.0 to 94.19, against
type A and 29.4 to 77.8%, against type B.
This variation may be due in part to the type
of wvaccine. Among the type A vaccines,
A(HON2Z) was the most potent, and the B/Lee
strain was more potent than the B/Kanagawa
strain. The prevaccination antibody titers
may also have affected the seroconversion rate.

The anti-N2 NI antibody produced by ad-
ministration of vaccine containing N2 did not
appear to have any significant effect in pre-
venting infection with A(H3N2) influenza.
This might be partly explained by drift of
N2-antigenicity in the vaccine strain from that
in the virus that caused the present epidemic,

or N2 but not HI against epidemic of A(HINT)

Vaccine code (Anti- Serotpetge{tive Incidence rate” observed in
Group genicity of type A ratio™ 1n . i
virus present) I (%) (%) Il (%)  Total (%)
N1 V-5-77 (HON1) 28/31  (90.3) 1/30 (3.2) 331 (9.7) 431 (12.9)
V-1-77 (HON2) 31/34  (91.2) 0/34  (0) 1134 (32.4) 1134 (32.4)
V-3-77 (H3N2) 42/45  (93.3) 0/45 (0 18/45 (40.0)  18/45 (40.0)
.
N2 V-7-77 (H2N2) 36/36  (100) 0/36 (0 12/36  (33.3)  12/36 (33.3)
Subtotal 109/115  (94.8) 0/115 (0) 41/115 (35.7)  41/115 (35.7)

@ Subjects with HI antibody titers of less than 1:16 were regarded as seronegative.
 Evaluated as more than 4-fold increase of anti-H1 HI antibody titer after an epidemic of A(HINT)
influenza. A/USSR/92/77(HIN1) was used as HI antigen.

Magepa, A. et al. Influenza vaccines and anti-newraminidase antibody 95



TaBLE 5. Anti-NT NI antibody titers of individual vaccinees®

Code of vaccine administered

Case No.

in each N2 group N1 group i
"gaf;él’;e V-1-77(HON2) tested in V-2-77(H3N1) tested in V-5-77(HON1) tested in
I I I il I 11
1 <2 2.0 <2 <2 <2 2.1
2 3.0 3.2 <2 3.0 <2 <2
3 <2 <2 <2 2.4 2.6 3.0
4 <2 <2 2.4 2.9 <2 <2
5 2 2.6 3.2 4.5 <2 5.4
6 3.4 <2 <2 2.2 3.5
7 .6 .8 <2 2.7 <2 0
8 <2 <2 2.1 5.8 <2 <2
9 <2 <2 <2 <2 <2 7
10 <2 <2 <2 <2 2.2 8
11 2.0 3.4 <2 <2 <2 3.2
12 <2 <2 <2 <2 2.3 3.3
13 <2 <2 <2 2.0 <2 <2
14 <2 <2 <2 . <2 <2
15 <2 <2 <2 2.2 <2 2.2
Pr"astlgve 5/15 6/15 3/15 9/15 4/15 10/15

a A/KIX-17(H3N1) was used as NI antigen.

because antigenic variations in the N of
A(H3N2)-type influenza virus (Schild et al.,
1974; Werner, Thraenhart and Kuwert, 1978)
and other influenza viruses (Schulman and
Kilbourne, 1969) have been reported. An-
other possible explanation for the failure of
anti-N2 NI antibody to prevent infection is
that the A(H3N2) epidemic began so soon
after vaccination that anti-N2 NI antibody
may not yet have been formed. This pos-
sibility is supported by the fact that the rates
of infection of the N2- and Ni-vaccine groups
were similar in the period between blood
specimens I and II, but somewhat different
in the period between specimens II and III
(4.3%, in the N2-group and 9.7% in the N1-
group) (Table 3) when anti-N2 NI antibody
had been formed. Precise comparison is dif-
ficult, however, because the epidemic had pas-
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sed its peak by the latter period and only a few
subjects were infected with A(H3NZ).

On the other hand, the anti-N1 NI antibody
produced by vaccine containing N1 appeared
to be somewhat effective in preventing in-
fection with A(HIN1) influenza (Table 4).
This might be because the drift of Nl-an-
tigenicity was slight, as suggested by the re-
port of Kendal et al. (1978) that the Nl-an-
tigenicity of the current epidemic strain re-
sembled that of AJ/PR/8/34(HON1), which we
used in this study, as well as those of strains
isolated in the epidemics of 1950-1951, al-
though some drift within A(HIN1) influenza
viruses has been reported (Paniker, 1968). It
seems unlikely that the low rate of infection
with A(H1N1) in the Nl-vaccine group was
caused by interference or cross-protection re-
sulting from A(H3N2) infection in this group,



because the rate of infection with A(H3N2) in
the group was not especially high, judging
from the data in Table 3. Further analysis
of N-antigenicities and further studies on the
protective effects of purified N-antigen from
various strains are necessary.

REFERENCES

Aymard-Henry, M., M. T. Colemann, W. R.
Dowdle, W, G. Laver, G.C. Schild and R. G.
Webster. 1973, Influenzavirus neuraminidase
and neuraminidase-inhibition test procedures.
Bull. WHO 48, 199-202.

Delem, A. and D. Jovanovic. 1978. Correlation be-
tween rate of infection and preexisting titer of
serum antibody as determined by single radial
hemolysis during an epidemic of influenza A/
Victoria/3/75. J. Infect. Dis. 137, 194-196.

Fedson, D.S., R.V. Fulk, M.A. Huber, M. A.
Reisberg and J. A. Kasel. 1971. Anti-neurami-
nidase antibody response in serum and nasal
secretions following intranasal or subcutaneous
inactivated A2/Hong Kong/68 influenza virus
vaccine. J. Immunol. 107, 730-737.

Fulk, R.V., D.S. Fedson, M.A. Huber, J.R.
Fitzpatrick and J. A. Kasel. 1970. Antibody re-
sponses in serum and nasal secretions according
to age of recipient and method of administration
of A2/Hong Kong/68 inactivated influenza virus
vaccine. J. Immunol. 104, 8-13.

Hennessy, A. V. and F. M. Davenport. 1974. Stu-
dies on vaccination of infants against influenza
with influenza hemagglutinin. Proc. Soc. Exp.
Biol. Med. 146, 200-204.

Hennessy, A. V., E. Minuse and F. M. Davenport.
1972. Antineuraminidase antibody response of
man to influenza virus neuraminidase N2: results
obtained with an improved hemagglutination-in-
hibition technique and an enzyme inhibition test.
J. Immunol. 109, 213-216.

Hilleman, M, R. 1969. The roles of early alert and
of adjuvant in the control of Hong Kong influenza
by vaccines. Bull. WHO 41, 623-628.

Kendal, A.P., G. R. Noble, ]J. J. Skehel and W. R.
Dowdle. 1978. Antigenic similarity of influenza

ACKNOWLEDGMENTS

We wish to thank Dr. K. Harada, Laboratory of
Microbiology of this Institute, for help in taking
blood specimens from the students. This work was
supported by a Grant-in-Aid from the Committee
for Study of Influenza Vaccine in Japan (President:
Dr. Hideo Fukumi, NIH of Japan, Tokyo). Part of
the work was reported at the 17th Annual Meeting
of the Committee held on December 12, 1978.

A(H1N1) viruses from epidemics in 1977-1978 to
‘“ Scandinavian’’ strains isolated in epidemics of
1950-1951. Virology 89, 632-636.

Kilbourne, E. D., W, T. Butler and R. D. Rossen.
1973. Specific immunity in influenza: summary
of Influenza Workshop III. J. Infect. Dis. 127,
220-236.

Kilbourne, E.D., W.N. Christenson and M.
Sande. 1968. Antibody response in man to in-
fluenza virus neuraminidase following influenza.
J. Virol. 2, 761-762.

Knight, V., R. B. Cough, R. G. Douglas and N. M.
Tauraso. 1971. Serological responses and results
of natural infectious challenge of recipients of
zonal ultracentrifuged influenza A2/Aichif2/68
vaccine. Bull. WHO 45, 767-771.

Murphy, B.R., J. A. Kasel and R. M. Chanock.
1972. Association of serum anti-neuraminidase
antibody with resistance to influenza in man. N,
Engl. J. Med. 286, 1329-1332.

Paniker, C.K.J. 1968. Serological relationships be-
tween the neuraminidases of influenza viruses.
J. Gen. Virol. 2, 385-394.

Parkman, P. D., H. E. Hopps, 5. C. Rastogi and
H. M. Meyer, Jr. 1977. Summary of clinical
trials of influenza virus vaccines in adults. J.
Infect. Dis. 136 (Suppl.), $722-5730.

Ruben, F.L. and G.G. Jackson. 1972. A new
subunit influenza vaccine: acceptability compared
with standard vaccines and effect of dose on an-
tigenicity. J. Infect. Dis. 125, 656-664.

Schild, G. C. 1969. Antibody against influenza A2
virus neuraminidase in human sera. J. Hyg.,
Camb. 67, 353-365.

Schild, G.C., J.S. Oxford, W.R. Dowdle, M.
Coleman, M. S. Pereira and P. Chakraverty. 1974.
Antigenic variation in current influenza A viruses:

Maepa, A. et al. Influenza vaccines and anti-neuraminidase antibody 97



evidence for a high frequency of antigenic ¢ drift’
for the Hong Kong virus. Bull. WHO 51, 1-11.

Schulman, J. L. 1969. The role of antineurami-
nidase antibody in immunity to influenza virus
infection. Bull. WHO 41, 647-650.

Schulman, J. L. and E. D. Kilbourne. 1969. The
antigenic relationship of the neuraminidase of
Hong Kong virus to that of other human strains
of influenza A virus. Bull. WHO 41, 425-428.

Slepushkin, A.N., G.C. Schild, A.S. Beare, S.
Chinn and D.A.]. Tyrrell. 1971. Neuraminidase
and resistance to vaccination with live influenza
A2 Hong Kong vaccines. J. Hyg., Camb. 69,
571-578.

Virelizier, J. L. 1975. Host defenses against in-
fluenza virus: the role of anti-hemagglutinin an-
tibody. J. Immunol. 115, 434-439.

Welty, P.B., Jr., B. Epstein, J. O’Brien, R.G.
Brackett, F. B. Brandon and J. L. Shillis. 1977a.
Reactions and serologic responses after adminis-
tration of inactivated monovalent influenza A/
swine virus vaccines. I. Immunization of chil-
dren and adults with influenza A/Shope virus
vaccines. J. Infect. Dis. 136 (Suppl.), S604-
S608.

Welty, P.B., Jr., B. Epstein, J. O’Brien, R.G.
Brackett, F. B. Brandon and J. L. Shillis. 1977b.
Reactions and serologic responses after adminis-
tration of inactivated monovalent influenza A/

98 Bikex Journar Vol. 22 No. 3 1979

swine virus vaccines. II. Immunization of chil-
dren with influenza A/New Jersey/X-33 virus
vaccines. J. Infect. Dis. 136 (Suppl.), S609-
S611.

Werner, J., O. Thraenhart and E. Kuwert. 1978.
Detection of antigenic variation in influenza virus
neuraminidase by the ESSEN-NIT and the
WHO standard procedure. Med. Microbiol.
Immunol. 166, 165-171.

Wesselius-de Casparis, A., N. Masurel and K. F.
Kerrebijn. 1972. Field trial with human and
equine influenza vaccines in children: protection
and antibody titers. Bull. WHO 46, 151-157.

Zavadova, H., V. Vonka, E. Adam, E. Domoréz-
kova and F. M. Davenport. 1972a. Clinical re-
activity and immunogenicity of hemagglutinin in-
fluenza vaccine, I. Clinical reactions, hemag-
glutination-inhibiting and strain and type-specific
complement-fixing antibody responses in subjects
aged 3-6, 16-17 and 27-50 years. Arch. Gesamte
Virusforsch. 36, 43-52.

Zavadova, H., E. Adam, V. Vonka, E. Domoriz-
kov4, M. Kratochvilovd, V. Burian and F.M.
Davenport. 1972b. Clinical reactivity and im-
munogenicity of hemagglutinin influenza vaccine.
II. Clinical reactions, hemagglutination-inhibit-
ing and strain and type-specific complement-
fixing antibody responses in infants. Arch. Ge-
samte Virusforsch. 36, 53-61.





