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Split-product trivalent influenza vaccine, containing H3N2, HINl and B, was given
to 188 higlt-risl< children and 25 healtlTV ones in the 4 year period from 1978 to
1981. A field trial involving 80 of these children was performed for evaluating the
safety and jinmunogenicity of this vaccine. The antibody response to influenza
vaccine in the patients was similar to that in normal children. The reaction to this
vaccine of ITigh-risl< cliildren was low, and no severe clinical reactions were observed
after vaccination.

Infants with underlying diseases appear the
most susceptible to the complication of in flu-

So, Immunization against influenza is
most ITecessary in high-risk children and in-
activated influenza virus vaccine has been re-

coinmended for children \\, ith special risk from
infection with influenza virus because of an

underlying chronic illness (Allison at a1. , 1977 ;
Hall at a1. , 1977; Steinherz at a1. , 1980).
Though split-product trivalent influenza vac-
cine ITas been administered safely to healthy
children and adults since 1973 in Japan, high-
risk children have often not been vaccinated

enza.

because of their underlying conditions.
This study on whether patients with various

diseases could safely receive split-product tri-
valent influenza vaccine, and vaccination trials
was conducted under sufficient medical surveil-

lance of hospitalized children. 'This paper de-
scribes the results of vaccination trials on high-
risk children using split-product influenza vac-
cine.

Since 1976,188 high-risk children have been
of which theinoculated with this vaccine

strains were determined at the National In-

stitute for Health of Japan before the winter
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All patients received blood tests, a
test of serum components by electrophoresis
and a phytohemagglutinin (pHA) skin test be-
fore immunization. Eighty (55 patients and
25 healthy children) of the 126 children re-
CGived two vaccinations between Oct. 1980 and

March 1981, and were examined setologically.
Sera were collected from the subjects just be-
fore each vaccination and one to two months
after the second vaccination. The influenza

split-product vaccine (Lot H228, manufactured
by the Research Foundation for Microbial Dis-
eases of Osaka University) used in this season
cont, mad 200 chi. k coll "gglutinating (C. C. A. )

TABLE I. Diog"OSes of I'min""128d children

season. intact equivalent unitslml of A1Bangkok11179
(H3N2), 200 C. C. A. into. t "quirel, nt unitslml
.f A1Kum*inot. 137179 (HINl) and 300 C. C. A.
intact equivalent unitsjml of BIKanagawa13176.
Each subject received 0.5 inI of the trivalent
vaccine subcutaneously at each vaccination.
The serum antibody titer against influenza vir-
us (A1Bangk, kllj79, A1Kum"in, t. 137179, and
BjKanagawa13176) was determined by the Hl
(hemagglutination inhibition) microtiter meth-
.d us d, ^oribed previ. usIy (M", d" at a1. , 1979).
Nonspecific inhibitor was removed with the
receptor destroying enzyme. A significant an-
tibody response was defined as a fourfold rise

Neuromuscular diseases

Epilepsy (27), Febrile convulsion (10) Cerebral
Palsy (8), Myasthenia g, avis (2), 0the, s (39)

Congenital heart diseases

vsD" (16), AsD" (7), TGA" (10), ToFd (4),
Othe, s (4)

Neoplastic diseases

Leukemia (4), Retinoblastoma (3), Neuroblas-
toma (2), Others (4)

Dignosis
(No. of patients)

Blood, immunity or Allergy diseases

Asthma (6), Borema (6), Egg alle"gy (5), Ka-
wasaki's disease (3), Againmaglobulinemia (2),
Others (7)

Maiformation and Inborn errors of metabolism

AGS" (3), Down's syndrome (2), Hirschsprung's
disea*e (2), Cleft palate (1), Glycogen storage
diseases (1), Others (10)

Diseases of the kidney

Nephrotic syndrome (4), Double 1<idney (1)

Vaccinated month and No

of patients

Oct. 1978

Mar. 1979

Oct. 1979

Mar. 1980

6

it VsD ; Ventricular septal defects
b AsD ; Atrial septal defects
C TCA ; Transposition of great artery
d ToF ; Tetralogy of Fallot
" ACS ; Adrenogenital syndrome.

4

Oct. 1980

Mar. 1981

31

o

90

26

41

Total

4
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6

20

86

17

9

36

16

16

13

13

97

15

29

3

101

19

5

188



in antibody titer after vaccination. The Hl
titer was expressed as the reciprocal of the
serum dilution. A titer of <1 : 16 was taken

as 20 in calculation of gcometric mean titers
(GMT^).

Table I shows the diagnoses in ITigh-risk
children (86 had neuromuscular diseases, 36
congenital heart diseases, 13 neoplastic dis-
eases, 29 blood, immunity or allergy diseases,
19 maiformatioi\ and inborn errors of nTetabo-

lism and 5 diseases of the kidney). In all, 188
patients \\, ere jinmunized \\, ith split-product
trivalent vaccine between 1978 and 1981

The immune responses to the three sets of
antig. us in th. norine (A (H3N2), (HINT)
and B) were studied in 55 of 188 patients with
various diseases, and 25 healthy children who
received two Immunizations witlt the vaccine.

After th. first roadnation, 747, , 64% and 467.
of the children showed a fourfold or greater
increase in Hl titer to the three sets of antigens,
and about 901', of the \, accinated children
showed a fourfold or greater rise in antibody
titer after the second immunization. The an-

tibOdy responses lit various groups \\'ere coin-
pared. Childreit in the blood, immunity or

allergy group seemed to respond slightly less
to antib. dy "galnst BIKan, gnu, 13176, but
there were no substantial differences 11\ anti-

body responses of healthy children and patients
(Table 2a, b, c). Individual antibody

TABLE 2-b. 81'grinicn"I 21nmu"e ?'espo"se" to
A1K, ,ina, ,!o10,7179 (H/N/)

TABLE 2-a. Significant 2711"Inite response" to
AIBO, ,gkoh1/179 (H3N2)

Diseases

Neuromuscular
diseases

Congenital heart
diseases

Neoplastic disease 57% (417)

Blood, Immunity 44% (419)
or Allergy diseases

Malfo, mation "rid 100% (616)
Inborn error of
metabolism

Discoses of kidney 100% (111)

Diseases

Neuromuscular
diseases

Congenital heart
diseases

Neoplastic diseases

Blood, Immunity
or Allergy diseases
Mallormation and
Inborn error of
metabolism

Diseases of 1<1dnev

Antibody response after

first second
Immunization Immunization

Antibody response after

first second
Immunization Immunization

re-

6596 (11/17) 100% (818)

6096 (6110)

71% (12/17)

Subtotal

70% (7110)

Health},

Subtotal

71% (517)

6796 (619)

" more than fourfold rise

6796 (213)

Healthy

88% (718)

TABLE 2-c. Signzfcn?11 17N"June response" to
BIKo, logytcnj3176

100% (414)

100% (313)

1009t (11')

" more than fourfold rise

10096 (313)

64% (32150)

6896 (17125)

100% (414)

6796 (213)

100% (111)

75% (314)

74% (37150)

76% (19125)

Diseases

100% (414)

Neuromuscular
diseases

Congenital heart
diseases

Neoplastic diseases

Blood, Immunity
or Allergy diseases
Malformation and
inborn error of
metabolism

Direa*us of kidney 100% (111)

91% (20/22)

90% (19121)

91 % (20122)

90% (19121)

Antibody response after

first second
Immunization Immunization

2996 (5117)

70% (7110)

Subtotal

5796 (417)

2296 (219)

Healthy

8896 (718)

" more than fourfold rise

6796 (416)

100% (313)

100% (414)

67% (213)

46% (23150)

75% (314)

52% (13125)

86% (19122)

SHORT COMMUNICATION

81% (17121)

91



=; I 024

512

256
128
64
32
16

<16

. Before immunization
o After fiist immunization
A After sunni immunization

88

Neonlastic
1188ases

=;1024

512
256
128

64
32
16

<16

Blunt, Immunity
or Allergy liseases

,,!I ,*!!111
fungaltai init

mseases

higanA/Bangkok/1,900N2

888

1111

Mamasii,
1188ases

2:1024
512
256

128
64
32
16

<16

Neuromusculat 1188ases

Wool, immunity
or Allergy wiseases

1111

fungaltal init
liseases

Maimmatiun aim uneasesMamastic Him, Immunity
him error of of Kiineyliseases or Allergy liseases

mentalism

Hl titers following immunization witlT split-product vaccine in cltildren \\. itIt various diseasesFIGURE I

Hl titers before immunization (0), after the first immunization (0) and after second immunization (A)
are shown. The arrow indicates a child with againmaglobulinemia

Antigen;Almamoto/^marlinl
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inborn error of of funny
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111

8
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a

I8
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sponses after two doses of vaccine are shown
in Fig. I. Some children failed to response to
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one or two sets of antigens after the initial
but two doses of vaccine inducedvaccination,
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FIGURE 2. Coinparisoit of I{I antibody responses to in Yalent influenza \. accine in children \\. itIT \. anous
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antibody responses. Not much difference was
detected in the antibody responses in different
groups. The only exceptioiT to this trend was
tlie antibody response of a case of X-linked
againmaglobulinemia (Bruton's type) who fail-
ed to response to any antigens (Fig. I). But
even in this case I, o side reaction (fever or
indulation) was observed.

'Tile jinmunogenicities of tile trivalent vac-
cine for ITealthy, children and patients are
shown in Fig. 2. Before vaccination, the
GAITS of antibody to A1Bangl<okllj79 were
I : 2'63 for patients and I : 2' '' for healthy
cliildren, antl they increased to I : 2'83 and
I, 26-20 after the first injectioit and to I : 27-30
and I : 27-15 after the second. Similar trends

were observed in the responses to A1Kuma-
in. t. 137179 and BIKan"garni3j76. H. w. ,er
the antigenicity of Bjl<ariaga\vaj3j76 \\, as lower
than those of the other antigens.

Local and systemic reactions were monitored
for 48 h after each vaccination. A febrile re-

action was observed in 2 of 213 \, accinecs. On

child, who I\ad a transposition of the great
artery, developed a fever witlt a maximum
temperature of 38.9 C within 8 h after vac-
cination and this fever continued for two days
Another child, who ITad an atrial septal defect,
had a febrile reaction witlT a maximum tern-

perature of 39.0 C 2 days after the booster in-
Iection and this reaction continued for two
days. Two other children (one with Hitsch-
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~
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T

6

2 lull "
I

sprung's disease and one IlGalthy child) had
local reaction at the site of injection and this
reaction persisted for one to two weeks. Two
unusual reactions that might be attributable to
the vaccine \\, ere also noted. A child with a

ventricular septal defect developed a fever 5
days after the initial and second jinmuniza-
tions. Another child of 20 months old with

telralogy of Fallot, developed temporary cyano-
sis 2 weeks after the second injection. How-
ever, 2 months later, she received a radical
operation and Iter clinical course after opera-
tion was fair.

Influenza immunization of childreiT with

neoplastic diseases I\as been reported by Alli-
con at "I. , (1977) and Ski"hare at "I. (1980).
In our studies, 13 childreiT with neoplastic dis-
eases were jinmunizcd cluring a 4 year period.
They were vaccinated wheiT they, had finished
the chemotherapy course or operation at a
time when the^ were ITot receiving chemo-
therapy. Sera from 8 childreiT who were jin-
inunized in 1980 were collected. The jin-

in une responses of these children to split-
product vaccine are shown in Table 3 . Some
cases did not response serologically to a single
immunization, but all patients showed a SIg-
nthcant response after the second vaccination,
like those in other groups, and no side reac-
tions \\, ere observed.

Studies have been made on the jinmuno-

genicities and clinical reactions of several kinds

8.10r"

500

:""un, .,;, n :mmu. :,,.:. n :"nun;,. tmn

a 61

I

6.43 s 75

fir, . .e. ."d
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TABLE 3. App/trot, 0" of a'"fluonso spin CRCcz'"e to children with neoplastic d, teases

Age Sex

CWSttCase15 M ALL

FinishedCase 2 4 F Neuroblastoma

FinishedCase 3 3 M Retinoblastoma

CWSCase 4 5 F Retinoblastoma

Case 5 4 F CTaniopharyngioma Finished
FinishedCase 6 3 M Teratocarcinoma

Diagnosis

Case 7 6 M Ganglioneuroma
Case 8 3 F Neuroblastoma

" Cell \\, all skelton of BCG

" Hl titer against A1Bangkokjlj79, A1Kumamot0137179 and BjKanagawa/3176, respectively
" Not done

Therapy before
Immmunization

of influenza vaccines (whole virus vaccine,
split-product vaccine and purified hemagglu-
tinin-neuraminidase vaccine) and on the ap-
propriate dosage and schedule for high-risk
children (\\Inght at a1. , 1976 ; Allison at al. ,
1977; Hall, t a1. , 1977). AIM^on at a1. (1977)
first planned to use bivalent split-product A
influenza vaccine or purified hemagglutinin-
neuraminidase (HANA) bivalent A influenza
vaccine, and monovalent influenza B vaccine
for high-risk children. However, when they
inoculated the bivalent A vaccine and mono-

valent B vaccine separately (2 doses of bivalent
A vaccine and one dose of B vaccine), HANA
influenza vacdne seemed to be less jinmuno-

So latergenic than split-product vaccine.
they gave only split-product vaccine at the
second vaccination, and found that the chil-
dren showed significant immune responses.
Similar experiments were made by Hall et al.
(1977) who used one dose of bivalent split-
product influenza A vaccine (A1New Jersey176
and A1Vi, t. "by 75 st", jus) in high-"1st chil-
dren. Split-product influenza virus vaccine
was less effective than whole virus vaccine to

elicit antibody in persons who had not pre-
viously encountered the antigens in the vac-

(<16, <16. <16)" (128, <16, <16) (256,256,512)
(256,256,64)(16, <16, <16) ND"

(64, <16, <16) (512.32,512)

(<16.32, <16) (<16,512,256)
(512,256,16)(32.16, <16)

(<16, <16.32) (128, <16,
>1024)

(>1024,128.64)

(128, <16, <16)

Antibody titer

Finished

Finished

secondfirst
immunization Immunization

(32, <16.16)

(64, <16, <16)

Side
reac-

tion

(512,512,32)

(512, >1024,
>1024)

(-)

(-)

(-)

(-)

(-)

(-)

cine (Potter at a1. , 1977). However, split-
product vaccine was less reactogenic than
whole vaccine and two doses of vaccine could

induce an adequate antibody level (Potter
at a1. , 1980). Gro^^ and Enni^ (1977) al^.
suggested in their paper that a two doses
schedule of the split-product vaccine might be
more acceptable for unprimed children, and
they reported that the two doses of vaccine
should be given approximately I month apart.

Patients with cardiac diseases developed
fever as observed in this study. Hall er al.
(1977) al^. f. und that , alightly greater per
centage of children with cardiac diseases had
fever than patients with pumonary and hema-
to logic disorders after immunization with bi-
valent vaccine.

we conclude from this study that split-
product trivalent influenza vaccine can be ad-
ministered safely to patients with various dis-
eases. All children with various diseases test-

ed, except one with againmaglobulinemia, gave
a similar antibody response to normal subjects.
Studies in the next influenza epidemic will
show whether our vaccination procedure for
high-risk patients is effective.

(-)

(-)
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