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Study of 1-Adamantanamine Hydrochloride Used
Prophylactically During the Hong Kong Influenza

Epidemic in the Family Environment
A. W. GALBRAITH, M.B.,1 J. S. OXFORD, B.Sc., Ph.D.,2
G. C. SCHILD, B.Sc., Ph.D.3 & G. I. WATSON, M.D.4

1-Adamantanamine hydrochloride (aminoadamantane) has been shown to inhibit the
multiplication of influenza A viruses in cell cultures, organ cultures and experimentally
infected mice. An epidemic of influenza in Great Britain in the winter of 1967-68 provided
the opportunity to study the prophylactic effect ofaminoadamantane in the family environ-
ment and thispaper reports the results offurther observations in January-March 1969 during
an influenza epidemic due to A2/Hong Kong/68.

In a double-blind, placebo-controlled investigation of aminoadamantane given pro-
phylactically, in doses of100 mg every 12 hoursfor 10 days, no protective effect of the drug
was demonstrated. In view of the positive effect of the drug in the earlier study during the
winter of1967-68, and the apparent sensitivity of the virus strain, an explanation involving
the very high incidence of individuals possessing HI antibody of less than 1:12 is offered.

I -Adamantanamine hydrochloride (aminoada-
mantane) has been shown to inhibit the multiplica-
tion of influenza A viruses in cell cultures, organ
cultures and experimentally infected mice (Davies
et al., 1964; Grunert, McGahan & Davies, 1965;
Schild & Sutton, 1965; Oxford & Schild, 1967). The
compound acts at an early stage in the virus growth
cycle and must be added within 30 minutes of cell
infection with large doses of influenza A2 virus
(Oxford & Schild, 1967).

Prophylactic trials with the compound have been
carried out with artificially induced influenza A2
among prisoners (Togo, Hornick & Dawkins, 1968),
isolated volunteers (Tyrell, Bynoe & Hoorn, 1965)
or with naturally occurring influenza (Quilligan,
Hirayama & Baernstein, 1966; Finklea, Hennessey
& Davenport, 1967) and these have shown variable
results.
During the winter of 1967-68, influenza ofepidemic

proportions occurred in Great Britain and provided
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the opportunity to study the prophylactic effect of
aminoadamantane in the family environment. An
account of this double-blind, placebo-controlled
investigation has been reported 5 and the design was
closely repeated during the influenza epidemic due
to the virus strain A2/Hong Kong/68 which occurred
during the months January-March 1969, in Great
Britain.

MATERIALS AND METHOD

Organization of the trial
A total of 72 general practitioners volunteered to

take part in the investigation. The co-operation of
the majority of these doctors was sought through the
Epidemic Observation Unit of the Royal College
of General Practitioners. Because of the patchy
distribution of the epidemic, only 29 practitioners
actually contributed results to the study but they
were well distributed throughout England (22) and
in areas in Wales (4) and Scotland (3). Each doctor
was asked to admit to the trial the families of up
to 4 index cases and was provided with enough

' Galbraith, A. W., Oxford, J. S., Schild, G. C. & Watson,
G. I. (1969). Paper presented at the Second Conference on
Antiviral Substances of the New York Academy of Sciences,
1969.
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material to include 12 contact cases. The index case

was defined as the first person over the age of 2 years

to contract clinical influenza in a household, and
contact cases as individuals living in the household
and having daily contact with the index case.
The families were divided randomly into drug- or

placebo-treated groups. All the members of one

family, including the index case, received the same

treatment (drug or placebo). Individuals included
in the study had not been immunized with influenza
A2 virus vaccine in the preceding year.

Dosage

Aminoadamantane was provided in 100-mg
capsules or as a syrup containing 50 mg in 5 ml.
Adults received 1 capsule of soft gelatine containing
a suspension of aminoadamantane in oil every

12 hours. Children of 10-15 years received 1 capsule
every 24 hours and younger children (2-10 years) a

proportional dose of syrup. Infants below 2 years

were not treated. Placebo capsules (oil base without
drug) or syrup were used on a similar dosage sche-
dule. Active or placebo medication commenced
from the time the index case in the family was first
seen and continued for 10 days.

Collection of specimens

At the doctor's first visit, blood was taken from
the index case and from as many other members of
the family as practicable. A second blood sample was
taken 2-3 weeks later. The blood specimens were

dispatched by post to the University of Sheffield
Virus Research Laboratory for serological testing.
Titrations of haemagglutination-inhibiting (HI) and
complement-fixing (CF) antibody were performed
by standard methods (Bradstreet & Taylor, 1962).

Clinical observation

For the 10 days following the time the index case

was first seen, the members of the family were visited
regularly. Records were kept of the temperature of
the index case and the presence of a cough. If any

contact subsequently became ill, he recorded his
temperature on a separate form. A cough, accom-

panied by a fever of 100°F (37.8°C) or higher was

taken as the criterion for a diagnosis of influenza.

Serological tests

Titrations of HI antibody were performed by
standard methods (WHO Expert Committee on

Influenza, 1953) using 8 haemagglutinating doses of

A2/Hong Kong/l/68 virus. The virus and erythro-
cytes were added simultaneously to the serum dilu-
tions.

Complement-fixing antibody estimations were per-

formed (Bradstreet & Taylor, 1962) using influenza A
' S ' antigen (PR/8 origin) in tests employing 4 units
of complement.

In both CF and HI tests a 4-fold or greater rise in
antibody titre was regarded as diagnostic of influenza
A infection.

Sensitivity of virus strains to aminoadamantane

The quantitative haemadsorption method (Finter,
1964) was used to estimate the virustatic effect of the
compound on influenza viruses growing in a conti-
nuous cell line of grivet monkey kidney cells (B.Sc.1).
The sensitivity of the virus strains to aminoada-
mantane was expressed as the concentration of the
compound which, when incorporated in the cell
maintenance medium, reduced the amount of virus
growth to 50% of that of control cultures as deter-
mined by the estimation of haemadsorption.

RESULTS

The sensitivity of an A2 virus strain isolated during
the course of the epidemic A2/Hong Kong/68 which
occurred in Great Britain from January 1969 to
March 1969 was compared with that of other A2
virus strains from previous outbreaks (Table 1). The
effect of different concentrations of the compound on

virus growth in B.Sc.l cell cultures was estimated by
a quantitative haemadsorption technique. Influenza
A2/Hong Kong/1/68 had approximately the same

sensitivity to the compound as did other A2 influenza
viruses tested.

TABLE 1

SENSITIVITY OF INFLUENZA A2 STRAINS TO
AMINOADAMANTANE MEASURED BY QUANTITATIVE

HAEMADSORPTION (QH)

QHso concentration
Virus strain No. of QH tests of aminoadaman-

tane (t&g/mI) a

A2/Scotland/49/57 5 0.1

A2/England/1O/67 1 0.2

A2!Hong Kong/1/68 3 0.2

a Concentration of aminoadamantane required to inhibit
haemadsorption of a virus by 50%.
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TABLE 2
NUMBER OF CONTACTS IN AMINOADAMANTANE AND PLACEBO GROUPS BY AGE AND SEX

Age-groups (years) No. and percentage

Treatmetgroup No. of __ ___Mean of males and femalesTreatment group contacts 2-9 10- 20- 30- 40- 50- 6- 70- age in each group
19 29 39 49 59 69 79 >80 (years)_____________________ ___________________M ales Fem ales

Aminoadamantane 94 a 18 25 8 11 14 6 5 3 1 28.8 40 (43 %) 54 (57 %)
Placebo 82 15 27 9 8 13 7 2 1 - 25.9 31 (41 %) 44 (59 %)

a The ages of 3 of these 94 are not known.

Comparison of treated and placebo groups
The distribution of ages of contacts in the placebo

and aminoadamantane groups is compared in
Table 2. The age distribution of the individuals
in the 2 groups was closely similar and there was a
good correspondence in the mean ages of individuals
in each group. In addition, both treated and placebo
groups contained closely similar proportions ofmales
and females.

There was a close similarity in the placebo and
treated contacts as regards the initial serum sample
(Table 3). Of the treated contacts, 88 %, and of the

TABLE 3
PERCENTAGE DISTRIBUTION OF INITIAL HI TITRES a

HIltitre | Amino-
adamantane Placebo

a p = 0.7-0.5.

contacts in the placebo group 92% had initial HI
titres of 1:12 or less; 5% of the treated contacts and
8% of those receiving placebo had titres between
1: 12 and 1: 60 and 8% of treated contacts and none

of those receiving placebo had titres of 1: 96 or

greater. The differences between the 2 groups were

not significant (P = 0.7-0.5).

Evidence of influenza in the index case

Observations were made by 29 doctors on a total
of 58 families, comprising 176 individuals. Serolo-
gical evidence was sought that the clinical illness
observed in each index case was influenza type A.

Paired sera from these patients were tested in CF and
HI tests. Of the 58 index cases, 36 (62%) showed
serological evidence of influenza A infection. These
will be referred to as confirmed index cases. For
analysis of the results of the study, the contacts of the
index cases were divided into 2 groups according to
the presence or absence of serological evidence of
influenza in the index case of the same family.

Table 4 shows the incidence of clinical illness in
the contacts. In 35 families in which there was a
serologically confirmed index case, 9 of 58 (15.5%)
contacts in the treated group developed clinical
influenza, while 8 of 49 (16.3%) contacts in the
corresponding placebo group developed an influenza-
like illness within 10 days. Of the 9 individuals
receiving aminoadamantane, 5 developed 4-fold
antibody rises and the serum was unobtainable in
1 case. The difference in incidence of clinical
influenza confirmed by laboratory evidence of
infection among those from whom paired sera were
tested in the 2 groups was not significant (P = 0.7-0.5).
The proportion of contacts with serological evidence
of A2 infection (irrespective of clinical illness) was
compared in the placebo and treated groups. Of the
44 contacts in the treated group, 21 showed such
evidence of infection compared with 14 of 42 contacts
in the placebo group. This difference is not statisti-
cally significant.
The effect of the initial level of HI antibody on the

incidence of serological evidence of infection is
shown in Table 5. It is seen that 20 of 37 contacts
(54%) in the treated group compared with 13 of 39
contacts (33 %) in the placebo group, who had low
initial antibody levels (1:12 or less), developed
serological evidence of infection. Of the 10 contacts
with an initial HI antibody titre of 1:18 or greater,
1 of 7 (14.3 %) treated with aminoadamantane
developed serological evidence of infection and 1 of
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TABLE 4
INCIDENCE OF CLINICAL INFLUENZA AND SEROLOGICAL EVIDENCE OF INFLUENZA A

INFECTION IN AMINOADAMANTANE-TREATED AND PLACEBO GROUPS

Proportion of contacts
Proportion of contacts who developed with serological

Laboratory clinical influenza within 10 days evidence of
evidence of of entering study influenza A infection
influenza A No. of Treatment No. (clinical+subclinical)
infection in families of contacts treated

theindex All cases Serologically proven
case cases a____ No.

No. % P No. % P

Present 36 Aminoadamantane 58 9/58b 15.5 5/44 11.4 21/44 47.7

Placebo 49 8/49 c 16.3 0.9 6/42 14.3 0.7-0.5 14/42 33.3 0.3-0.2

Absent 22 Aminoadamantane 36 4/36d| 11.1 0/21 0 2/21 9.5

Placebo 33 4/33 e 12.1 0.8-0.9 0/23 0 3/23 13.0 0.74.5

a A 4-fold or greater rise in antibody titre in either Hi or CF
tests or both was taken as evidence of influenza infection.

b No serological results in 4 of the 9.

TABLE 5

EFFECT OF INITIAL LEVEL OF HAEMAGGLUTINATION-
INHIBITING ANTIBODY ON THE INCIDENCE OF

SEROLOGICAL EVIDENCE OF INFECTION IN CONTACTS
IN AMINOADAMANTANE-TREATED AND

CONTROL GROUPS

Proportion of contacts with serological
tion inhibiting evidence of influenza A2 infection a
antibody titre

in initial serum adamantane Placebo All
sample adamntan group

S 1 :12 20/37 (54%) 13/39 (33%) b 33/76 (43%)
> 1 :18 1/7 (14.3%) 1/3 (33%) 2/10 (20%)

al Contacts of index cases with 4-fold antibody rise in Hi or
CF test (or both).

b P = 0.2-0.1.

3 contacts (33 %) in the corresponding placebo
group had evidence of infection. In both placebo and
treated groups combined, it is seen (Table 5) that
43% of contacts with an initial antibody titre of 1:12
or less, developed evidence of infection, while 20%
of contacts with an initial antibody titre of 1:18
(or greater) did so. These findings suggest an additive
effect of treatment with aminoadamantane and the
possession of HI antibody on the incidence of A2
infection.

C No serological results in 1 of the 8.
dZ No serological results in 2 of the 4.
6 No serological results in 2 of the 4.

A comparison of geometric mean haemagglutina-
tion-inhibition and complement-fixation antibody
titres in the 1st and 2nd serum samples of indijyiduals
in each group is made in Table 6. It is seen that the
mean antibody titres of the initial serum specimens
from contacts of both serologically confirmed and
unconfirmed index cases were very similar for the
placebo and treated groups, indicating that these
groups were well matched in terms of their initial
-immune status.

The mean antibody titres in the second serum
specimens from contacts who developed serological
evidence of influenza while receiving aminoada-
mantane were very similar to the titres attained by
the corresponding contacts in the placebo group.
Comparison of the means of the HI antibody titres
in the 1st and 2nd serum samples indicated that there
was a 6-fold increase in mean titre in contacts who
developed serological evidence of infection while
receiving aminoadamantane compared with a 5.4-
fold increase in titre in the corresponding placebo
group. When CF antibody titres were compared
there was a 10.3-fold increase in mean titre in those
receiving aminoadamantane compared to an 8.7-fold
increase in the corresponding placebo group.
These findings indicate that the compound did not

exert an inhibitory effect on the extent of the antibody
response in drug-treated individuals who developed
serological evidence of infection indicated by a
4-fold antibody rise.
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TABLE 6
GEOMETRIC MEAN Hi AND CF ANTIBODY LEVELS IN TREATED AND PLACEBO GROUPS

Laboratory Geometric mean antibody titres
evidence of
influenza A Treatment CF tests HI tests

ini ndex No. Acute Convalescent No. Acute Convalescentcase sera sera a sera sera

Contacts with laboratory evidence of Infection b

Present Aminoadamantane 18 10.9 112.2 (x 10.3) 20 7.5 44.7 (x 6.0)
Placebo 13 13.1 113.6 (x 8.7) 14 6.5 35.2 (x 5.4)

Absent Aminoadamantane 1 10.0 160.0 (x 16.0) 2 6.0 14.7 (x 2.5)
Placebo 3 15.9 80.0 (x 5.0) 3 6.0 9.5 (x 1.6)

Contacts with no evidence of laboratory infection

Present Aminoadamantane 22 13.5 13.8 (x 1.0) 23 13.6 14.0 (x 1.03)
Placebo 23 11.5 14.0 (x 1.2) 27 6.5 6.4 (x 0.98)

Absent Aminoadamantane 10 12.0 12.5 (x 1.04) 18 6.4 6.0 (x 0.94)
Placebo j 13 10.5 L 11.8 (x 1.1) j 19 J 6.8 6.8 (x 1.0)

a No. of times increase in mean titre of 2nd serum samples compared with mean titre of 1st serum samples.
b 4-fold or greater increase In serum antibody titre In paired sera as detected in CF and/or Hi tests.

Adverse symptoms

Two patients receiving aminoadamantane re-
ported headache. There were no other adverse
reactions in the rest of the aminoadamantane group
and no adverse reactions were reported in the
individuals receiving placebo.

DISCUSSION

This is the second study in Great Britain involving
the administration of aminoadamantane to volun-
teers who remained in their normal domestic environ-
ment when exposed to naturally occurring influenza
A2 infection. In the investigation that took place
during the winter of 1967-68, the results of which
were reported previously," it was shown that early
prophylactic treatment with the drug, of familial
contacts of index cases with serologically confirmed
influenza A2 infection, reduced the incidence of
clinical influenza compared with placebo treatment.

I Galbraith, A. W., Oxford, J. S., Schild, G. C. & Watson,
G. I. (1969). Paper presented at the Second Conference on
Antiviral Substances of the New York Academy of Sciences,
1969.

In addition, such treatment produced a highly
significant reduction in the serological evidence of
infection compared to that detected in the group
receiving placebo.

In the present study, the only factor which differed
with respect to the design concerned the contents of
the capsules administered to the index cases. In the
1967-68 study, all index cases received placebo but
in this investigation, the index case in each family
received capsules of the same composition as those
taken by the members of the household, aminoada-
mantane or placebo. There was no apparent differ-
ence in the degree of spread of influenza infection to
contacts in families whose index cases received
aminoadamantane and those whose index cases
received placebo.
The lack of any demonstrable protective effect of

aminoadamantane administered to those individuals
exposed to index cases suffering from influenza due
to A2/Hong Kong/68 might have been due to an
insensitivity of the virus to the drug. That this
hypothesis is unlikely to be true is demonstrated by
the quantitative haemadsorption tests carried out in
vitro on the 2 viruses in which both A2/England/10/67
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and A2/Hong Kong/1/68 appeared equally sensitive
to aminoadamantane.
The most likely explanation lies in the suggestion

made in the previous report 1 that there is an enhance-
ment of the inhibitory effect of aminoadamantane
on influenza A2 infections in individuals who had
pre-existing anti-haemagglutinin antibody for A2
virus. As may be seen (Table 3), 90% of the contacts
studied possessed initial HI titres below 1:12, whereas

in the previous study 1 the corresponding figure was
40%.

This study therefore further suggests possible
advantages to be gained by combining aminoada-
mantane treatment with immunization.

1 Galbraith, A. W., Oxford, J. S., Schild, G. C. & Watson
G. I. (1969). Paper presented at the Second Conference on
Antiviral Substances of the New York Academy of Sciences,
1969.
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