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Antibody Responses to and Efficacy
of an Inactivated Spray Vaccine

A. S. BEARE,' D. HOBSON,2 SYLVIA E. REED 1 & D. A. J. TYRRELL 1

An attempt was made to assess the protective influence of killed intranasal influenza
B vaccine against a homologous virus challenge. Two types of trial were performed. In the
first of these, the vaccine was compared with an inert placebo and, in the second, with
conventional homologous and heterologous parenteral vaccines. Little protective effect by
the intranasal vaccine was demonstrated.

In a recent trial, live and killed influenza B vac-
cines were given to comparable groups of volunteers,
and their relative immunizing efficiency was assessed
by a deliberate challenge with live virus (Beare et al.,
1968). This procedure has now been applied to a
study of killed intranasal vaccine (Waldman, Mann
& Small, 1969). In the trials to be described, volun-
teers were given intranasal influenza B vaccine,
intranasal placebo, or parenteral vaccines prepared
from homologous or heterologous viruses. They
were all subsequently challenged with live homolo-
gous influenza B virus and the incidence of infections
in the vaccinated groups was compared with that in
the controls.

MATERIALS AND METHODS

Trials at the Common Cold Research Unit

Twenty-nine volunteers attended, of whom 8 were
male and 21 female; all were young adults. One
month before arrival, they had sprayed the interiors
of their noses by means of coarse plastic hand-sprays
with material sent to them. Eleven had received
1.0 ml of formol-killed B/England/13/65 (containing
5500 haemagglutinating units); 10 had had this treat-
ment twice at 14-day intervals; the remaining 8 had
been given phosphate-buffered saline only. On
arrival, the volunteers were bled and challenged with
105.0 egg-infecting doses (EID50) of live B/England/
13/65. The effects of the challenge were judged by the
incidence of clinical reactions, virus isolations from
nasal washings taken 2, 3 and 4 days after the virus
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inoculations and rises of haemagglutination-inhibit-
ing (HI) antibody in sera taken 2-3 weeks later.

Trials in Gas Board depots
Ninety-six volunteers were enrolled at 5 depots;

53 were male and 43 female. They were unselected
and ranged in age from 16 to 66 years.

Twenty-four volunteers received formol-killed
intramuscular B/England/13/65; 29 had the haemag-
glutinin fraction only of this virus, prepared by Pfizer
Ltd by splitting the virus with ether-Tween 80;
24 had 1.0 ml intranasally of formol-killed B/Eng-
land/13/65 by means of a fine hand-spray, and
repeated this dose themselves 14 days later with a
coarse hand-spray; and 19 had formol-killed aqueous
intramuscular vaccine prepared from the virus strain
A2/England/1/61; the first, third and fourth vaccines
were supplied by Glaxo Ltd.
The volunteers were bled and vaccinated on the

first day of the trial. Those of the third group were
instructed how to revaccinate themselves and their
reserve vaccine was kept for them at +4^C in
medical centres. Four weeks later all were challenged
with 0.5 ml of living B/England/13/65 containing
about 104.0 EID50, by coarse hand-spray or by nasal
dropper. A final blood specimen was collected 2
weeks after the challenge.

Virus isolation was not attempted in the Gas
Board employees and reports on clinical reactions
after vaccination and challenge proved unreliable.
Diagnosis of infection was therefore based on sero-
logy alone.
Virus isolations, clinical assessment and serological

tests
The techniques have been described previously

(Tyrrell, 1963; Beare, Bynoe & Tyrrell, 1968).
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RESULTS

Volunteers who were vaccinated in their own

homes with killed intranasal influenza B vaccine by
the method described do not seem to have been
protected against the live virus challenge (Table 1).
Since they had not been bled before the vaccinations,
no data were available on possible stimulation of
circulating antibodies; studies on nasal antibody
formation were also impracticable. The results of
the rather different type of trial held at the Gas

Board depots are shown in Table 2. The volunteer
groups were inevitably small and somewhat unevenly
matched, but the results show clearly that the 2
parenteral influenza B vaccines were adequately
immunogenic and protective. By comparison, the
intranasal vaccine was a poor serum-antibody
inducer, and although there was a slightly reduced
incidence of infection in the group which received
this vaccine as compared with that observed in the
controls, the difference was not significant.

TABLE I

CHALLENGE OF VOLUNTEERS AT THE COMMON COLD RESEARCH UNIT
WITH 105-° ElDso OF LIVING B/England/13/65 AFTER INTRANASAL

SPRAY OF HOMOLOGOUS KILLED VACCINE a

Results of volunteer challenge b
Trial Material sprayed of doses Clinical

Virus isolations Antibody rises reactions

No. 49 Killed aqueous 1 4/11 3/11 2/11
B/England/13/65

No. 49 Phosphate-
buffered saline
(control) 1 2/8 0/7 1/8

No. 52 Killed aqueous
B/England/13/65 2 8/10 5/10 4/10

a Each vaccine dose contained 5500 HAU. Those given one dose were challenged 4 weeks
later; the remainder were sprayed twice at 14-day intervals and were challenged 14 days after the
second dose. Vaccine was self-administered with a coarse hand-spray.

b In trial No. 49, volunteers in vaccine and control groups were of comparable susceptibility
to infection before the trial. No control group was available for trial 52.

A COMPARISON
PREPARATIONS OF

TABLE 2

OF THE PROTECTION INDUCED BY DIFFERENT VACCINE
B/England/13/65 IN VOLUNTEERS OF GAS BOARD DEPOTS a

Rises of serum Hi antibody

Vaccine Initial Hi titres <48 Initial HI titres > 48

After After After After
vaccination challenge vaccination challenge

Aqueous parenteral
B/England/13/65 9/13 (69 %) 1/11 (9 %) 1/9 1/8

Split parenteral
B/England/13/65 10/18 (56 %) 1/13 (8 %) 0/7 1/7

Killed intranasal
B/England/13/65 2/10 (20 %) 3/8 (37 %) 0/14 0/11

Aqueous parenteral
A2/England/1/61 0/7 (0 %) 4/6 (67 %) 0/9 0/8

a Those receiving killed vaccine intranasally were sprayed once with a fine hand-spray and
a second time, 14 days later, with a coarse spray. All volunteers were challenged with 104 ° EIDso
of living B/England/13/65.
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DISCUSSION

The results of the trials seem clear. Killed intra-
nasal influenza B vaccine was relatively ineffective
against a subsequent live virus challenge and com-
pared poorly with vaccine of a conventional kind.
Kasel et al. (1969) observed an increased titre of
neutralizing activity in nasal secretion after intranasal
instillation of inactivated influenza A vaccine, and

showed that this was due to IgA antibody formation.
However, the response to an influenza B vaccine
was poor. Since no nasal antibody studies were
performed on our own volunteers, we cannot say
whether this type of antibody failed to appear or
failed to protect. The former seems the more likely,
particularly as we used less antigen than Kasel and
his colleagues, although twice as much as is normal-
ly given parenterally.
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