
General Discussion-Session VI

DR D. HOBSON. As Williamson & Jackson said
(see page 665), the effect of memotine appears to be
mediated through direct contact with the virus par-
ticle. In our laboratory studies with sensitive avian
influenza viruses, the effect of memotine is not
simply to block virus uptake by host cells. Treated
virus particles adsorb to and elute from red blood
cells at the normal rate. Adsorption and penetration
of treated virus into BHK tissue culture was studied
by quantitative haemadsorption and again there was
no difference from untreated virus. These results
suggest that memotine may act on the virion by
destroying either its capacity to shed its coat after
adsorption or the ability of its genome to code for
early steps in the growth cycle.

DR D. A. HILL. Our experiments also failed to
show protection of mice with poly I -poly C against
lethal infections with influenza A2 as did those of
Dr Hilleman (see page 696). This should not be
interpreted as indicating lack of activity of poly I
poly C against influenza A2 since the doses required
to produce death in mice, even with pathogenic
strains, are presumably much greater than any
encountered in natural infections. The toxicity of
poly I poly C by topical use is much reduced when
compared with that which occurs with intravenous
use. Poly I -poly C has been used topically in the
eye in the treatment of herpes simplex infections
and was not toxic in these studies.

DR E. FARKAS. Field trials with a Hungarian aman-
tadine preparation were carried out in Hungary
during an influenza epidemic in March 1969 with
the Hong Kong variant. Seven semi-closed com-
munities of men aged 19-22 years were used in
these studies. A total of 2530 volunteers was given
200 mg of amantadine daily for 3 weeks and an
additional 2210 volunteers received placebo. Admin-
istration of drug and placebo began as soon as the
first cases of clinical influenza were recognized in
the community. Confirmation of the presence of
influenza was provided by isolation of virus similar
to the Hong Kong variant and by demonstrating
rises in specific HI antibody.
The following results and conclusions were ob-

tained:
(1) Morbidity rates calculated from diagnosed

cases were similar in the 2 groups; however, there
was a highly significant difference between the

2 groups in favour of amantadine as regards highest
fever.

(2) The numbers of patients hospitalized were 59
in the amantadine group and 220 in the placebo
group. Among these patients, 5 (8%) of the aman-
tadine group and 45 (20%) of the placebo group
exhibited a complication of influenza. These dif-
ferences are statistically significant (P<0.05). Twenty
cases of bronchitis occurred in the placebo group
and none in the amantadine group (P<0.01) and
11 cases of bronchopneumonia occurred in the pla-
cebo group as compared with 1 case in the amanta-
dine group (P<0.01). Hospitalization in the placebo
group averaged 6.7 days and in the amantadine group
5.3 days (P<0.01). In addition, fever lasted 3.6 days
in the placebo-treated group compared with 2.6 days
in the amantadine group (P<0.01).

(3) The geometric mean HI titre for individuals
who exhibited seroconversion was 1: 68 for the
amantadine group and 1: 58 for the placebo group.
The difference is statistically significant (P=0.05).

(4) No side-effects were observed.
In vivo experiments revealed the A2/Hong Kong/

1/68 strain to be considerably less sensitive to
amantadine than an A2 strain isolated in Hungary
in 1965. The fact that complications of influenza were
significantly reduced despite this deserves attention.

DR D. A. J. TYRRELL. This has been an encouraging
session. I clearly remember working on antimetabo-
lites as possible antiviral agents: most of the work
from that period led to the conclusion that every-
thing which stopped virus growth stopped cell meta-
bolism too-in other words it was toxic, although
the mechanism by which it was toxic might be inhi-
bition of nucleic acid or protein synthesis or inter-
ference with the Krebs cycle. It seemed that the
machinery for virus synthesis was so closely asso-
ciated with that of the cell that the only way of
inhibiting it was to inhibit everything.
The first thing we can learn from the papers of

this session is that there are now several non-toxic
inhibitors of virus multiplication which operate at
different stages of viral replication; in the early
stages, in the case of amantadine and the synthesis
of virus protein in the case of interferon. They have
been discovered by different modes of research,
empirical screening in the case of amantadine,
a search for neuraminidase inhibitors in the case
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of the isoquinolines, and interferon and interferon-
inducers as a direct conclusion of the fundamental
observations of Isaacs and Lindemann.
The question of several years ago, "Can an anti-

influenzal drug be produced? " has now become
" Which antiviral drug will actually work? " The
answer to this question is that more than one
drug will work. Amantadine has now been shown
to be effective. It has little effect against influenza B
viruses but it is good to learn that it acts prophy-
lactically against Hong Kong influenza and not only
against the earlier A2 strains. The isoquinolines show
again that other orally administered drugs can pre-
vent respiratory infection, and against influenza B
as well as A2 viruses; however, in this case the
sensitivity of the Hong Kong strain appears to be
less than that of earlier influenza A2 strains. Two
new questions are now being asked in this field, and
both are of practical importance. Firstly, " Can we
develop synthetic drugs with a really wide range of
activity against the influenza viruses?" Secondly,
" Can we use the drugs we have to discover whether
these agents can have a therapeutic, as distinct from
a prophylactic effect in a virus infection?" The
dogma used to be that antiviral drugs would have
an effect only if administered in the incubation period
since by the time clinical disease was evident most of
the virus multiplication had already taken place. It
is therefore of great interest that amantadine may
have a therapeutic effect. If therapy is possible, it
may become possible to use the drugs at the most
obvious time, when the patient becomes sick. The
benefit to be derived from our present drugs may be

no greater than that which can be obtained from
aspirin, but better drugs may follow: in this case it may
be particularly important to delay and treat an infec-
tion rather than preventing one altogether. If we
do not do this we shall build up a population without
the benefit of naturally acquired immunity, and
therefore dependent on a supply of drugs or vac-
cines for their resistance to epidemic influenza.

Finally, interferon and interferon-inducers offer us
2 more alternatives. There is ample evidence that
both can prevent a wide variety of infections in a
wide variety of situations. But we are only in the
early stages of evaluating their use as anti-influenza
agents. Interferon does not seem to get into the
respiratory mucosa from the circulation, so inter-
feron and interferon-inducers will have to be deliv-
ered into the respiratory tract as drops or sprays.
To do this properly, much detailed work must be
done on the techniques and dosages to be used, and
we still have no measure of their effectiveness,
certainly not in comparison with simple and easily
made synthetic drugs. Human interferon can be
produced from leucocytes but really large-scale pro-
duction might be difficult and there are difficulties
in safety-testing. Poly I -poly C can be produced
more easily but is toxic parenterally and might be
toxic when given locally. Other sources of interferon-
inducers such as penicillin cultures must also be
explored. The interferon-inducers may also have
marked toxic and immunosuppressive effects. Never-
theless, interferon and inducers must attract con-
tinued attention because they would act against such
a wide range of viruses.
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