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A Field Trial of Hong Kong-Strain Influenza Vaccine
in Seattle Schoolchildren *

by HJORDIS M. Foy, MARION COONEY, RUTH MCMAHAN & J. THOMAS GRAYSTON

In an effort to test the effectiveness of the new
Hong Kong-strain influenza A vaccine produced
with zonal-centrifugation purification by Eli Lilly
Company, we undertook a trial in Seattle, Wash-
ington, in 2 groups of schoolchildren. One group
was made up of volunteer children in 7 grade-
schools in a single district in a northern suburban
area. The other group of children included a junior
high school and 5 surrounding grade-schools in an
urban area of Seattle. So that the children receiving
the placebo might nevertheless have an injection of
some value to them, they were given influenza B
vaccine manufactured by the same process. It was
thought that this would be safe to use as a control
injection because Seattle had experienced a large
influenza B epidemic in 1966. A random allocation
of volunteer children to receive either the A or the
B vaccine was made. Vaccine was administered by
jet-gun injection, 0.5 ml subcutaneously, containing
400 CCA units of either the A2/Hong Kong or the
B/Massachusetts/66 strain. In a pair of grade-
schools in each area, all volunteer children in one
school were given A vaccine and all in the other,
B vaccine. A total of 4122 schoolchildren (49% of
those eligible) were given either A or B vaccine.
The study was designed to attempt to obtain inform-
ation concerning the occurrence of influenza-like
illness in the families of the children vaccinated.
Absenteeism data were obtained on all school-
children and histories of illness were successfully
recorded from 90% of their families. In addition,
approximately 1 of 5 children, chosen at random,
was bled at the time of the vaccination and 3 months
later at the end of the epidemic. Some cases of
proven influenza A infection were occurring in the
Seattle area during November 1968, while the
immunizations were being given. Vaccine was
administered from 19 to 26 November in the sub-
urban area and from 2 to 11 December in the urban
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schools. Only single injections of each vaccine were
given because of the immediate onset of the in-
fluenza epidemic.

Vaccine reactions
Reactions to the influenza vaccines were investi-

gated by visits to the classroom. Children who had
been ill during the night or were having considerable
soreness in the inoculated arm were asked to raise
their hands. They were subsequently questioned and
examined by a nurse or physician. When a vaccinat-
ed child was absent from school the day following
inoculation, his parents were telephoned to determine
whether illness had occurred. After children of
4 schools had been vaccinated, it was obvious that
many more severe systemic reactions occurred than
had been expected. The code for vaccine was broken
and it was found that all those with severe reactions
had received B vaccine. The reactions included
combinations of fever (highest reported, 105°F, or
40.6°C), malaise, nausea and vomiting, headache,
and muscle ache. The symptoms generally started
some 6 hours after vaccination and reached their
peak of severity during the night. Most children
had recovered by the following morning, but many
chose to stay at home that day.

Following the preliminary evaluation of the reac-
tions, it was decided to reduce the amount of B
vaccine given to 100 CCA units to avoid further
serious reactions. Therefore, the final 2 grade-
schools in the suburban area and all 6 of the urban
schools were given the small dose of influenza B
vaccine.
The reactions among grade-school children to the

different vaccine were as follows:
Dose

400 CCA 400 CCA 100 CCA
units, units, units,

influenza A2 influenza B influenza B
No. of children 1 824 760 1 018
Absent 4% 16% 4%
Systemic reactions 8% 25% 7%
Local reactions 1 1 % 7% 2%

A high systemic reaction rate with the more serious
absenteeism can be seen in response to the 400 CCA
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units of B vaccine. The reaction rates to the A
vaccine and to the 100 CCA units of B vaccine were
low. Older children had somewhat more local
reactions and somewhat fewer systemic reactions
causing absenteeism. In non-vaccinated children,
absenteeism was 4%.

Antibody response to vaccine

The results of serological tests of the paired blood
specimens obtained at the time of vaccination and
3 months later suggest that the response to the
A2/Hong Kong vaccine was good. There was a
4-fold or greater homologous HI antibody titre rise
in 64% of the children receiving A vaccine. Un-
fortunately, we do not have usable influenza B HI
antibody results.

In our study it appeared that vaccine occasionally
produced a low-titre CF antibody response. Those
vaccinated with A vaccine had a higher rate of
4-fold CF antibody rises to A (12.3%) than those
given influenza B vaccine (9.9 %). However, the
geometric mean titre of CF antibodies for those with
rises was only 1: 18 for those vaccinated with the
A vaccine compared with I: 45 for those given B
vaccine.

Similarly, there was a higher rate of influenza B
4-fold CF antibody rises (29%) among those given
400 CCA units of B vaccine than among those given
100 CCA units (25 /). The rate of 4-fold B CF anti-
body titre rises in those given Hong Kong-strain
vaccine was also 29 %. CF antibody rises for the
homologous vaccine were seen proportionately more
frequently among the younger children. The mean
titre of second blood for those with B rises was 1: 67
in those given A vaccine and 1: 44 in those given B
vaccine.

Influenza epidemic
An influenza epidenmic began in Seattle in Nov-

ember. General absenteeism in schools and from
work became pronounced in December and con-
tinued through January. Isolation studies revealed
that disease was occurring both from the A2/Hong
Kong influenza strain and from a B strain. We
believe that the influenza A epidemic preceded the
influenza B epidemic, but that they overlapped in
December and January. Serological evidence from
our studies suggests that influenza B infections with
illness were 4 times as common as influenza A
infections during January and February. However,
during the study period, December through February,
there was no time when both strains were not isolated.

Vaccine efficiency
The unfortunate choice of influenza B vaccine as

the placebo prevents any evaluation of illness rates to
determine the effectiveness of the A vaccine. Reduc-
tion of illness in the children's families and commu-
nities cannot be interpreted without a placebo control.
Approximately 30% of the immunized children had
influenza-like illness, defined as a febrile illness with
nmuscle aches, malaise or headache. The total rate
of influenza-like illness was about 10% less in the
groups given B vaccine. The reduction in illness in
children given B vaccine compared with those
receiving A vaccine was seen consistently in all
schools, not just on average, and was confined to
January and February, when B illness was much
more prevalent than A illness.

Paired sera were obtained on a total of 666 of the
children receiving vaccine. These sera were tested
for CF antibodies against soluble A and B influenza
antigens. Based on CF antibody rises in the children
receiving vaccine, it was possible to make an approxi-
mation of the effectiveness of the vaccines in prevent-
ing illness.
An expected rate of influenza A infection is

calculated from those given B vaccine. Of 316 B vac-
cinees for whom paired sera were available, 8 with
influenza-like illness had 4-fold or greater CF
antibody rises to A antigen, giving a 2.5 % attack rate
of influenza A. Of 336 A vaccinees, only 0.6% had
influenza-like illness and a 4-fold CF antibody rise
to A antigen. From this, a protective efficacy of
760% for the A vaccine could be calculated. The
findings may be summarized as follows:

Hong Kong-strain vaccine efficacy:

A vaccines:
2

ill with > 4-fold CF rise to A = 0.60%

B vaccines: ill with > 4-fold CF rise to A = 2.53%
316

Hong Kong (400 CCA units) vaccine protection = 76%

B-strain (400 CCA units) vaccine efficacy:

A vaccines: 15 ill with > 4-fold CF rise to B = 14.8%

B vaccines
(400 CCA 13
units): 105 ill with > 4-fold CF rise to B = 12.4%

B (400 CCA units) vaccine protection = 16%

There were an additional 3 B vaccinees who,
although failing to show CF antibody rise to A,
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did have a significant HI antibody rise to A2/Hong
Kong. These could not be used to determine the rate
of influenza A disease because the HI test is useless
in determining infection in theA vaccinees. Occasion-
ally a child with a history of illness had CF antibody
titre rises to both A and B antigens. Almost always
a diagnosis of causal type could be made as one
antigen showed much greater antibody response
(usually against the antigen not in the vaccine
received).
The tabulation above shows the efficacy of the

400-CCA-unit dose of B vaccine, calculated by the
same method, to be 16%. The B vaccinees receiving
the 100-CCA-unit dose had the same attack rate
of B disease as the A vaccinees in the same schools,
suggesting no protective effect by this measure.

These calculations of vaccine effectiveness are
based on the assumptions that the CF tests for A

and B had similar sensitivity and that the occasional
vaccine-induced, low-titre CF responses were infre-
quently accompanied by spurious influenza-like ill-
ness. The latter occurrence would tend to decrease the
calculated effectiveness of the vaccines. We do not
believe that any great confidence can be placed in the
exact percentage efficacy calculated for the vaccines
from these relatively small numbers.

Conclutsion
In the absence of adequate controls, it was not

possible to determine the effect of influenza vaccine
in schoolchildren or on disease in their families and
communities. However, we do believe that this study
showed that the influenza B vaccine employed
produced unacceptable reactions in children and was
less effective in preventing disease than the A2/
Hong Kong-strain vaccine.

A Field Evaluation of Inactivated, Zonal-centrifuged Influenza Vaccines
in Children in Chapel Hill, North Carolina, 1968-69 *
by, W. PAUL GLEZEN, FRANK A. LODA & FLOYD W. DENNY

A field evaluation of inactivated, zonal-centrifuged
influenza vaccines, administered parenterallv to
children, was performed in Chapel Hill, North
Carolina, during the 1968-69 respiratory disease
season. The objectives of the study were to test the
acceptance, antigenicity and efficacy of a single dose
of vaccine in children of different age-groups and
to explore the feasibility of mass immunization of
schoolchildren to provide an epidemiological barrier
to the spread of influenza in the community. The
only junior high school in Chapel Hill was chosen
as the primary target for this effort because it in-
cluded the age-group which usually has the highest
morbidity rate during influenza epidemics (Table 1).
Other populations included a small group of infants,
a day-care nursery for 3-5-year-old children, the
first grade at one elementary school, university
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students and adult teachers, and day-care nursery
and laboratory personnel. Voluntary participation
was invited with the understanding that influenza
vaccines would be given under a double-blind
system and that paired blood specimens would be
obtained. The vaccines employed were monovalent
vaccines to influenza viruses A2/Hong Kong/68
(800 CCA units/ml) and B/Massachusetts/66 (800
CCA units/ml) and a bivalent vaccine including
influenza A2 and B strains (2400 CCA units/ml).
Venous blood samples were obtained at the time
the vaccines were administered (in mid-November)
and approximately 21 days later. A third blood
sample was obtained from the public-school children
and university students early in March after natural
infections with influenza virus A2/Hong Kong had
ceased to occur. Respiratory disease surveillance
was maintained for each group during the in-
fluenza A2/Hong Kong outbreak.

Febrile reactions to the vaccines were common
in young children (Table 2) but were more frequent
among children who received vaccines including the
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