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There is little information available on
the optimum dose and schedule for the
vaccination of infants against influenza,
since administration of inactivated influenza
virus vaccines to infants occasions a high
rate of severe febrile reactions (1). There-
fore, when it was found that large doses of
ether extracted polyvalent influenza hemag-
glutinin vaccine could be given to very
young infants without inducing unaccept-
able reactions, a systematic study was initi-
ated on antibody response of infants to
administration of aqueous or aluminum
_phosphate adsorbed polyvalent influenza
hemagglutinin vaccines employing various
vaccination schedules (2). The results con-
stitute the body of this report.

Materials and Methods. Viruses. Strains
of influenza viruses used for measuring anti-
body levels were selected from the collec-
tion of the Strain Study Center, Commis-
sion on Influenza, School of Public Health,
Ann Arbor, Michigan. When testing for
antibody against A,/Japan/305/57, the
antigenically identical strain A,/AA/23/57
was substituted since it is more avid and is
less sensitive to inhibitor. Vaccines were
prepared commercially using lines of virus
obtained from the Division of Biological
Standards, National Institutes of Health,
Bethesda, Maryland.

Vaccines. Purified hemagglutinin concen-

1This investigation was conducted under the
sponsorship of the Commission on Influenza,
Armed Forces Epidemiological Board, and was
supported by the U. S. Army Medical Research and
Development Command, Department of the Army,
under Research Contract DADA 17-70-C-0050.

trates were prepared as previously described
(3). The vaccine used in the first study con-
tained 250 chick cell agglutinating (CCA)
units per 0.25 ml divided as follows: A,/
Japan/305/57 and A,/PR/8/34, 50 units
each: Swine/1976/31, A,/Japan/170/62,
A,/AA/1/57, B/Lee/40, B/GL/54 and
B/Md/59, 25 units each.

The second study employed two vaccines
—one aqueous and the other aluminum
phosphate adsorbed, each containing 300
CCA units per 0.5 ml divided as follows:
A,/PR/8/34 and A,/AA/1/57, 50 CCA
units each; A,/Taiwan/1/64 and B/Md/1/
59 100 CCA units each.

Subjects, measurements, bleeding sched-
ule. Infants attending the Well Baby Clinic
of the University of Michigan Hospital were
subjects of the studies. Consent for par-
ticipation was obtained in writing from
parents prior to giving vaccine. Parents
were instructed to take rectal temperature at
6 hr intervals during the first 24 hr after
vaccination. Body temperatures of 100°F
or greater were classified as fever. Reports
of vaccine reaction were obtained from
parents by telephone 24 hr after the Clinic
visit and again at the next Clinic visit. In
the first study, blood specimens were ob-
tained before each vaccination and 1 mo
after the last. In the second study, blood
specimens were obtained before the first
inoculation, 1 mo after the second, and
before and 1 mo after the “booster.”

Hemagglutination-inhibition. ~ Antibody
was measured by means of the standard
hemagglutination-inhibition (HAI) tech-
nique (4). Sera from the first study were
treated with trypsin and periodate (5) be-
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fore testing with type A strains and by heat-
ing at 56°C for 30 min when type B strains
were employed. In the second study, sera
were treated with trypsin and periodate be-
fore testing with A,/AA/1/57 and A,/
TW/1/64 and with RDE when PR8 and
B/Md/1/59 were used (6). The sera were
stored at 4°C.

Results. In a previous publication on
vaccination of infants with polyvalent in-
fluenza hemagglutinin, it was reported that
two inoculations, several months apart, of
either 500, 1000 or 2000 CCA units of
antigen, induced low levels of antibody in
most infants and that fever, readily con-
trolled by aspirin, was encountered in a few
(2). Since 3 injections are commonly
recommended for initial immunization of
infants with DPT (Diphtheria, Pertussis,
Tetanus), it was of interest to extend the
studies using 2 different schedules of 3 in-
jections in order to determine whether anti-
body response to an initial series of injec-
tions could be improved thereby. In order
to ascertain whether incidence of fever
could be further reduced, a dose of 250
CCA units was given at each interval.

The first schedule was three doses at
monthly intervals. The subjects were 24 in-
fants whose ages ranged from 8 wks—24 wks
(median age 14 wks, average age 14 wks,
s.d. 5 wks) on admission to the study. Table
I shows the geometric HAI pre- and post-
vaccination titers, the distribution of pre-
vaccination antibody positives and the pro-
portion of infants demonstrating a four-fold
or greater rise in titer at each vaccine
interval.

In prevaccination serum samples antibody
was not detectable or was present at very
low levels. Only against A,/AA/23/57 and
B/GL/54 was antibody found in more than
half the sera. Antibody found in prevacci-
nation sera most probably represents per-
sistence of maternally transferred antibody.
The first inoculation did not increase mean
titer values. However a few infants experi-
enced an increase in antibody levels. After
the second dose mean titers increased only
to influenza B viruses while the proportion
of infants showing a four-fold or greater
rise in serum titer was increased to all
strains. The third inoculation had only a
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slight effect on levels of antibody and fre-
quency of further antibody rise.

In order to increase the opportunity for
antibody conditioning and thus higher post-
vaccination antibody levels, a different
schedule was adopted. The period between
the first and second dose was increased to
2 mo while the interval between the second
and third was maintained at 1 mo. Nine-
teen infants whose range was 8 wks—26 wks
(median age 17 wks, average age 16 wks,
s.d. 6 wks) on admission to the study were
vaccinated employing this schedule. The
results are shown in Table II. The findings
are remarkably similar to those found with
the previous vaccination schedule except
that postvaccination levels at the end of the
series tended to be slightly higher. Again,
the third inoculation had only a slight ef-
fect. However, it is clear that delaying the
second inoculation by 1 mo did not provide
a distinct immunologic advantage. Both
schedules gave a better response to an initial
series than was previously reported for a
single dose of vaccine (2). No suppressive
influence of maternal antibody was discerni-
ble since neither the frequency nor levels of
antibody measured in the prevaccination
sera with each test strain correlated with
the antibody response of the infants. No
correlation was apparent between antibody
response and age of infant. The response to
B strains was better than to A strains and
this was also seen in a former study and in
results presented in the following section
(2). The explanation for this phenomenon
is not known since that difference was not
apparent when the same vaccine was given
to adults (7).

Vaccine associated fever in young infants.
Thirty-five percent of infants had a febrile
response of 100° or more following the
first inoculation as judged by that exacting
criterion of identifying febrile responses.
After the second or third dose the percent-
ages were 32 and 32, respectively. If only
temperatures of 101° or greater are consid-
ered, the overall febrile rate was reduced to
5%. In previous studies with higher doses,
the percentage of febrile reactions of 101°
or greater was 10%. The lower dose used
in the present study appeared to be effective
in minimizing responses.
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Effect of a mineral carrier and delay of
vaccination to an older age on the antibody
response of infants to polyvalent influenza
hemagglutinin. Brown and Kendrick have
reported that there was a markedly higher
antibody response in infants who received
their last dose of an initial series of DPT at
or after the seventh month of life than in
infants who completed the initial series ear-
lier (8). It was of interest, therefore, to
ascertain whether higher titers of postvac-
cination influenza antibodies could be
achieved by initiating the initial series at a
later age than that used in our earlier stud-
ies. At the same time, it was decided to
determine whether aluminum phosphate
functions as an adjuvant for hemagglutinin
vaccine in infants as it does in mice (9).
The dose of absorbed and unabsorbed vac-
cine was 300 CCA units. The initial series
was 2 inoculations given a month apart,
since the earlier investigation had shown
that a third dose contributed only slightly to
antibody response. A third inoculation of
the same vaccine was administered as a
“booster” 9-12 mo after the initial series.

Table IIT shows pre- and postgeometric
mean antibody titers and the proportion of
infants demonstrating a four-fold or greater
increase in titer for both the initial series
and the “booster” inoculation. Eleven in-
fants received the adsorbed vaccine and 12,
the aqueous preparation. The infants ranged
in age from 6 to 12 mo (median age 9 mo).
None of the 23 infants had measurable anti-
body in their preprimary serums which is
consistent with the loss of maternal anti-
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body with age. When given aluminum
phosphate adsorbed vaccine, a high propor-
tion of infants developed antibody to all
test strains. The response following aqueous
vaccine was similar although the mean
titers to A,/AA/1/57 and A./TW/1/64
were lower than those observed after alumi-
num phosphate adsorbed antigen, while the
mean titer to B/Md/1/59 was higher.
Hence, for vaccination with an initial series,
no distinct immunologic advantage is ap-
parent after use of aluminum phosphate ad-
sorbed vaccine. The titers achieved are
higher than those found for younger infants
after the initial series and indicate that for
hemagglutinin vaccine as well as for DPT
the immunologic response improved with
age.

In the interval between the initial series
and the “booster,” titers in both vaccine
groups had fallen to low or immeasurable
levels. Following the “booster” titer values
against all strains in both vaccine groups
were higher than after the initial series, sug-
gesting a secondary response. The levels of
A,/ TW/1/64 antibody found after the
“booster” dose are the result not only of
vaccination but in part also reflect the ef-
fect of natural infection with Hong Kong
virus during the period of the study. Five of
the children in the aluminum phosphate
group and 5 in the aqueous group showed
serologic evidence of infection with Hong
Kong virus during this interval. Therefore,
results obtained with the Taiwan strain were
disregarded. Infants who received aluminum
phosphate adsorbed vaccine responded with

TABLE III. Geometric Mecan HAI Antibody Responses of Infants Following a Primary Series
and After a “Booster” Dose.

Vaccine Bleedings  A,/PR/8/34  A,JAA/1/57 A,JTW/1/64 B/Md/1/59
0 8 8 8 8
Aluminum phos-  Post primary 18 ( 7/11)* 18 (7/11) 29 (1o/11) 42 (11/11)
phate adsorbed  Pre booster 8 8 8 9
Post booster 64 ( 9/11)* 46 (9/11) 147 (11/11) 111 (11/11)
0 8 8 8 8
Aqueous Post primary 18 ( 8/12)* 11 (7/12) 18 ( 9/12) 75 (11/12)
Pre booster 8 8 10 8
Post booster 45 (10/12)* 18 (7/12) 64 (10/12) 85 (11/12)

* Proportion showing 4-fold or greater rise in titer.
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higher titers and thus demonstrated a better
secondary response than did infants who
were given aqueous vaccine.

Discussion. In infants, influenza hemag-
glutinin vaccine behaves in many ways as
do other inactivated vaccines such as DPT.
Two or more inoculations of vaccine gave a
better initial antibody response than did a
single inoculation of larger amounts of anti-
gen. Increasing the time period between the
first and second doses in the initial series
resulted in a slightly better antibody re-
sponse. Beginning the initial series at or
after the sixth month of life resulted in
higher antibody levels and a greater propor-
tion of sero converters than when the initial
series was begun earlier in infancy.

The improved secondary response follow-
ing adsorbed vaccine indicates that in
infants as well as in mice, aluminum phos-
phate adsorbed antigen is a better condi-
tioner for the secondary response during the
initial series than is aqueous vaccine (10).
In adults, whose response is essentially a
secondary one, no difference is observed in
the antibody levels following either aque-
ous or mineral carrier adsorbed influenza
hemagglutinin or virus vaccine (11).

Antibody levels achieved in young infants
after an initial series are very low and pos-
sibly would contribute little to protection
against influenza. However, the higher anti-
body levels observed in older infants after
an initial series and the still higher ones
induced by “booster” inoculation might
afford a significant degree of protection in
this age group since, after the initial series,
about half of the infants had titers of 32 or
greater and after the “booster” with alumi-
num phosphate adsorbed vaccine, three-
fourths of the infants produced antibody at
a level of 32 or greater, a titer value con-
sidered protective for young adults (12).
It should be appreciated that though pro-
tective levels of antibody have been estab-
lished for older age groups by controlled
vaccine field trials, protective levels for in-
fants have not been determined. Thus,
judgment as to the value of antibody levels
induced by a vaccine in this age group can-
not be made with certainty.

Summary. Infants 2—-6 mo of age were
given 3 doses of influenza hemagglutinin
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vaccine. One group received 250 CCA units
of vaccine at intervals of 1 mo. A second
group was given 250 CCA units with an
interval of 2 mo between the first and sec-
ond dose and an interval of 1 mo be-
tween the second and third dose. A slightly
better antibody response was obtained with
this schedule.

In a second experiment, infants 6-9 mo
of age were given an initial series of either
300 CCA units of aqueous or aluminum
phosphate adsorbed hemagglutinin vaccine.
These infants exhibited a better antibody re-
sponse than younger ones. When after 9-
12 mo a third dose of the same vaccine was
given, a secondary response was achieved.
The response of infants who received ad-
sorbed vaccine was slightly higher. The re-
sponse of infants to polyvalent influenza
hemagglutinin is similar to their response to
other inactivated vaccines.
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