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The Prophylactic Effectiveness of Amantadine
Hydrochloride in an Epidemic of Hong Kong

Influenza in Leningrad in 1969*
A. A. SMORODINTSEV, G. I. KARPUHIN, D. M. ZLYDNIKOV,

A. M. MALYSEVA, E. G. SVECOVA, S. A. BUROV, L. M. HRAMCOVA,
Ju. A. ROMANOV, L. Ju. TAROS, Ju. G. IVANNIKOV & S. D. NOVOSELOV

The effectiveness of amantadine hydrochloride as a prophylactic against influenza was
studied during an epidemic caused by viruses related to influenza A2/Hong Kong/1968
variants in Leningrad, USSR, early in 1969. In all, 8169 subjects, assigned to amantadine-
dosed, placebo-dosed, internal control and external control groups, were assessed. The
index of effectiveness of the prophylactic medication, based on clinical diagnosis, in subjects
who took amantadine regularly was 1.95. When the clinical diagnoses were confirmed
serologically the index of effectiveness for the amantadine compared with the placebo
group increased to 2.7. A comparison of the medicated group with the non-medicated,
non-isolated internal control group showed an index of effectiveness of 5.34. A daily dose
of 100 mg of amantadine was associated with an increase of 1.14 % in complaints of sleep
disturbances but these had no effect on the working capacity of subjects.

Influenza is one of the few infectious diseases
known to cause short-term, explosive, mass out-
breaks. Influenza A epidemics occur regularly at
intervals of 2-3 years and affect up to 50% of the
population of all age-groups. Consequently, there is
a need for both general and specific measures for the
control of the disease. In recent years a promising
new drug, amantadine hydrochloride, has been
developed by E. I. du Pont de Nemours & Co. and
used for the oral chemoprophylaxis of influenza.'

Investigations carried out in 1967 and 1968 by
Smorodintsev et al.2 showed amantadine to be an
effective prophylactic drug when administered to
volunteers in daily doses of 100 mg or 200 mg
begun 24 hours before challenge with aerosols of live
influenza A2 virus vaccines made up separately of the
strains A2/Moscow/21/65, A2/Leningrad/133/67
and A2/Hong Kong/1/68.
The marked protective effect of amantadine

observed in these clinical trials prompted further
studies of its effectiveness during an extensive out-
break of A2/Hong Kong influenza in Leningrad
during January-February 1969. Further support for
the probability that amantadine would be effective

against the viruses that caused this epidemic came
from the studies of Dr C. E. Hoffmann and his
associates at the Stine Laboratory, E. I. du Pont de
Nemours & Co., Newark, Del., USA. Using labora-
tory models of infections with A2/Hong Kong/
8/68 and A2/Hong Kong/50/68 viruses, they showed
these viruses to be sensitive to the drug. Subsequently,
similar studies with isolates from the Leningrad
outbreak (A2/Leningrad/21/69 and A2/Leningrad/
74/69) showed that these viruses also were sensitive
to amantadine.

* From the All-Union Research Institute of Influenza,
USSR Ministry of Public Health, Leningrad, USSR.

l Cochran et al. (1965); Davies et al. (1964); Davies,
Grunert & Hoffmann (1965); Grunert, McGahen & Davies
(1965); Grunert, R. R., McGahen, J. W., Davies, W. L. &
Hoffmann, C. E. (1964) Paper presented at a meeting of the
Federation of American Societies for Experimental Biology,
Chicago, Ill.; Hornick, Togo & Dawkins (1968); Jackson,
Muldoon & Akers (1963); Neumayer, Haff & Hoffmann
(1965); Quilligan, Hirayama & Baernstein (1966); Schild &
Sutton (1965); Stanley et al. (1965); Tyrrell, Bynoe &
Hoorn (1965).

2Smorodintsev, A. A., Zlydnikov, D. M., Romanov,
Ju. A., Kiseleva, A. M. & Rumovski, V. I. (1968) Paper
presented at a Symposium on Symmetrel, Willmington, Del.,
USA.
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MATERIALS AND METHODS

The experiments were carried out by the staffs of
the Epidemiological and Clinical Departments of the
All-Union Research Institute ofInfluenza, Leningrad,
with the participation of specially organized epide-
miological teams.
A total of 10 053 male adults between the ages of

18 and 30 years were available for study in 8 semi-
isolated engineerings schools in which working and
living conditions were essentially the same. The
subjects were regularly observed by qualified medical
personnel, and those who developed influenza
during the study in January-February 1969 were
hospitalized.
The populations in each of 7 of the schools were

divided into 3 study groups, namely-amantadine-
dosed, placebo-dosed and "internal control ".
While the dosed subjects lived at the institutions and
had little outside contact, those in the internal
control groups did not receive medication and lived
at home. The students in an eighth engineering
school made up a fourth group-" external control".
Members of this group were not given medication;
they lived at the school and were considered compa-
rable to the amantadine- and placebo-dosed students
at the other institutions.
The distribution of the study population is shown

in Fig. 1; 50.7% received amantadine, 31.6%
received placebo, 10% were in the internal control
group and 7.7% were in the external control group.
As soon as the trial was initiated, volunteers were

assigned as follows: (1) amantadine group, 5092;
(2) placebo group, 3175; (3) internal control group,
1011; (4) external control group, 775. However,
before dosing could begin, 441 subjects assigned
to the amantadine group and 307 assigned to the
placebo group contracted influenza. In addition, 766
volunteers in the amantadine group and 370 in the
placebo group did not take medication regularly
during the dosing period and are not considered
acceptable for analysis. The numbers of subjects
suitable for assessment of the prophylactic efficacy
of the study medication thus become 3885 in the
amantadine group and 2498 in the placebo group.
The A2/Hong Kong influenza' epidemic in

Leningrad began at the end of the first week of

1 Influenza A-type viruses were isolated from the popula-
tions and were determined to be antigenically similar to
influenza A2/Hong Kong/68 strains supplied by Dr H. G.
Pereira, WHO World Influenza Centre, London, England.
Strains isolated during the Leningrad outbreak have been
identified as A2/Leningrad/69.

FIG. I
DISTRIBUTION OF THE STUDY POPULATIONS INVOLVED
IN THE CLINICAL rTRIALS OF THE EFFECTIVENESS OF
AMANTADINE HYDROCHLORIDE AS A PROPHYLACTIC

IN INFLUENZA EPIDEMICS
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January 1969 and reached its peak by the end of
that month. The populations in different institutions
were involved in localized outbreaks at different
times. A twice-normal morbidity rate was an indica-
tion for the start of study medication. In 3 groups,
the initiation of dosing coincided with the initial
stages of the development of the outbreaks, and in
3 groups prophylaxis was begun just before the peak
of morbidity was reached.
A single 100-mg capsule of amantadine hydro-

chloride 2 was administered orally once daily after
the evening meal. Placebo capsules of identical
appearance were given in a similar manner. Amanta-
dine was also successfully administered as a syrup in
fruit juices at the same dosage of 100 mg once daily.
Dosing of 5 of the 7 populations studied was
continued for 30 days; 2 populations (No. 3 and
No. 5) were dosed for only 12 days.

I Supplied by E. I. du Pont de Nemours & Co., Wilming-
ton, Del., USA.
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Medications given to the different populations
were randomly coded and administered by a double-
blind design. Coding was different for each popula-
tion and the code was broken only after all statistical
analyses of the morbidity findings were completed
in the amantadine and placebo groups. The non-
dosed subjects in the internal and external control
groups could be identified.

Medications were distributed by the trained staffs
of the epidemiological teams. Using special charts,
these teams kept accurate records of the drug
distributions. Medical personnel in charge of the
populations observed, and the staff of the Influenza
Institute continuously checked the distribution of
medications.

After the preventive programme ended, 1825 non-
ill subjects participating in the study were
interviewed at random by the staff, who collected and
analysed the answers on special coded charts to
ensure double-blind evaluations of side-effects.

Since all study-groups were under complete
medical supervision, it was possible to hospitalize
patients with clinically diagnosed influenza. A case
history was recorded for each ill subject. In evaluat-
ing the results of dosing with both placebo and
amantadine, consideration was given to the duration
and regularity of dosing, any side effects that might
have occurred, the general clinical characteristics of
the disease, and serological findings. It should be
stressed again that at the time of evaluation it was
not known which subjects had received amantadine
and which had received placebo; the only exceptions
being subjects in the internal and external control
groups not given amantadine or placebo.
The etiology of the illness was confirmed as

influenza A2 by both complement-fixation and
haemagglutination-inhibition 1 tests performed on
paired heated sera. The acute specimens were
collected during the first days of illness and the
convalescent specimens 3-4 weeks later.
From a comparison of the incidence of clinical

illness in the experimental and control groups, an

" Influenza A2/Leningrad/69 and influenza A2/21/65
haemagglutinin were used.

clinical morbidity per 100 control
subjects x serologically confirmed

'Calculated as: morbidity per 100 control subjects
clinical morbidity per 100 comparable
subjects x serologically confirmed
morbidity per 100 comparable subjects

Since the serological confirmatory tests were made
randomly, the " corrected " indices are, in fact, derived by
the use of correction factors.

index of effectiveness (IE) of amantadine was calcu-
lated, using the following equation:

IE= PI (A)
P2

where P1 and P2 indicate influenza or acute respira-
tory disease morbidities in the control and experi-

TABLE I
EPIDEMIOLOGICAL EFFECTS OF AMANTADINE

HYDROCHLORIDE TREATMENT DURING INFLUENZA A2
OUTBREAKS IN LENINGRAD

IN JANUARY AND FEBRUARY 1969

Clinical findings

Group subjects Morbidityobserved No. of IE IPE

illnesses %

Amantadine 3 885 156 4.01

Placebo 2 498 195 7.81 < 1.95 a 48.72.7b 53.5
Internal control 1011 216 21.4 5.34 81.3

External control 775 214 27.6 6.88 85.5

a Index of effectiveness based on clinical diagnoses only.
b Index of effectiveness corrected for serological confirma-

tion of influenza A2 illness.

mental groups, respectively. In analysing the clinical
results supported by serological findings, a corrected
index of effectiveness (CIE) was calculated from the
equation:

CIE =
P x P'1

(B)

where P'1 and P'2 are the relative frequencies of
influenza diagnoses confirmed by laboratory tests in
the respective groups.2
A second index, the index of protective effect

(IPE) was calculated by means of the following
equation: 3

IPE = ' p' xl10 (C)

Most of the participants (84.9%) took amanta-
dine or placebo without interruption during the
entire period of study; 10.4% received medication
irregularly or were absent from the study for

' The equation may also be stated:

index of protective effect (%) - index ofeffect- x 100.0~index of effect
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TABLE 2

EPIDEMIOLOGICAL EFFECTS OF DOSING 7 STUDY POPULATIONS WITH AMANTADINE
HYDROCHLORIDE DURING INFLUENZA A2 OUTBREAKS IN LENINGRAD

IN JANUARY-FEBRUARY 1969

Morbidity Index of
Popula- ~~per 100 No. of Morbidity effectiveness (IE)

P tPopula- Medica- subjects oftion tion a betore subjects- _________ _____
No. start of observed No. of

medication illnesses % Observed Corrected

2 A 16.7 621 13 2.1 2.0 2.8
P 12.5 238 10 4.2

3 A 12.2 504 21 4.2 1.8 2.5
P 24.3 366 28 7.7

4 A 5.3 377 32 8.5 1.3 1.8
P 5.6 407 46 11.0

5 A 3.2 629 7 1.1 1.2 1.7
P 2.7 498 18 1.3

6 A 2.6 635 57 9.0 1.3 1.8
P 2.5 348 40 11.5

7 A 2.6 247 14 6.2 2.5 3.5
P 2.9 234 35 15.4

1lb A 10.5 872 12 1.4 2.5 3.5
P 10.4 407 18 3.5

Total A 8.7 3 885 156 4.0 1.95 2.7
P 9.7 2 498 195 7.8

a A= amantadine; P = placebo.
b Subjects in this population had been given live influenza vaccine.

1-7 days. During 8 or more days amantadine or
placebo dosing was not given to 4.7% of the subjects
and this group has not been included in the analyses
of results.

RESULTS

The clinical findings and indices of effectiveness of
amantadine treatment are shown in Tables I and 2.
The findings presented in Table 1 suggest that the
effectiveness of amantadine in the group which
regularly received the drug was almost twice as high
(1.95) as in the placebo group. When only those
patients with confirmed influenza A2 are considered,
the effectiveness of amantadine (2.7) is even more
striking.
The results of the protective effect of amantadine

appear more pronounced when comparisons are
made of the morbidity rates among the subjects of
-the amantadine and the internal control groups;

the index of effectiveness is 5.34 and the protective
coefficient is 81.3 %. Comparisons with the external
group give an IE of 6.88 and protection of 85.5 %.l

In Table 2 the observations for each of the 7 dosed
populations are reported. It should be remembered
that each population included a non-dosed internal
control group in addition to the amantadine and
placebo groups. The internal control group was not
considered to be sufficiently numerous to allow
significant individual analyses to be made and, as
noted in Table 1, it was treated as a single large
population of 1011 subjects.

Table 2 contains information on the morbidity in
each population prior to dosing. Except for popula-
tion No. 3, in which there was great disparity in pre-

1 When the external control group was compared with the
amantadine group of population No. 6, in which the dyna-
mics of the initial influenza outbreak were similar, the [E
was 3.08 and the IPE was 67.6%.
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FIG. 2
MORBIDITY FROM INFLUENZA A21HONG KONG/1968 AMONG SUBJECTS OF 3 SUBGROUPS

OF POPULATION No. 6 DURING JANUARY AND FEBRUARY 1969
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dosing morbidity in the group scheduled to be given
amantadine and that scheduled to be given placebo,
the dosed groups were reasonably similar at that
time. When the corrected indices of effectiveness are
considered, there is evident consistency in the
observed protective effect of amantadine.

It is noteworthy that the levels and durations of
influenza morbidity were different in the groups
receiving amantadine, placebo or no medication
(internal control). Fig. 2 shows the morbidity curves
in one of the populations prior to the initiation of
medication in the experimental group (10-20 January)
and after the start of the amantadine or placebo
programme on 21 January. After administration of
the drug was started, the patterns of development of
the outbreak changed in these dosed groups.
Morbidity continued to rise in the placebo group,
whereas it dropped in the amantadine group and
remained at a lower level throughout the outbreak.
The duration and intensity of the outbreak in the

internal control group not given medication were
quite different from those observed in the group
given amantadine or a placebo. Morbidity increased
earlier and reached a higher level than in the placebo
group. It seems likely that members of this control
group living in closer contact with the municipal
population were responsible for introducing the

influenza A2 virus into their institutions. The total
morbidity rate in the internal control group was
twice that in the placebo group and almost 3 times
that of the group dosed with amantadine.
Random serological examinations of patients with

clinically diagnosed influenza revealed that a high
proportion of the clinical diagnoses were erroneous,
the patients in fact suffering from respiratory
infections other than A2 influenza. Of the 291 ill
subjects examined, 47 (16.1 %) had acute respiratory
diseases of different etiologies that would not be
expected to respond to amantadine. (Of the 47
infections, 12 were caused by adenovirus, 9 by
parainfluenza virus, 12 by respiratory syncitial virus,
3 by influenza B virus, and I by Mycoplasma; in
addition, there were 10 mixed infections.)
The serological findings suggested that 42.1 % of

the subjects in the experimental group and 58.4% of
those in the placebo group were infected with
influenza A virus (Table 3). As has been reported
previously (Hornick, Togo & Dawkins, 1968;
Smorodintsev et al., 1968 1), there was a significant
difference in the intensity of the immune response of

1 Smorodintsev, A. A., Zlydnikov, D. M., Romanov,
Ju. A., Kiseleva, A. M. & Rumovski, V. I. (1968) Paper
presented at a Symposium on Symmetrel, Wilmington, Del.,
USA.
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TABLE 3

SEROLOGICAL FINDINGS a AMONG SUBJECTS OF THE AMANTADINE AND CONTROL
PLACEBO GROUPS

Subjects with Mean geometric titres Mean
4-fold or greater of serum antibodies geometric

No. of rise In antibody value of
Group subjects titre Acute Convalescent multiplicity

examined of rise in
No. % Titre Lo|g Titre Log2 antibody titretitre titre

Amantadine 107 45 42.1 4.0 2.1 26 4.71 1.52

Control 137 80 b 58.4 13.9 3.7 60 5.9 2.06

a Using haemagglutination-inhibition test.
b P<0.01.

those dosed with amantadine and of those dosed with
placebo.

Since amantadine has been reported to produce
side-effects (Tyrrell, Bynoe & Hoom, 1965; Sabin,
1967), particular attention was given to such effects
in these studies, and 1825 subjects from the amanta-
dine and placebo groups who did not become ill were
asked to fill out anonymous patient check lists. The
results are presented in Table 4. The over-all propor-

tions of subjects in the experimental and control
groups were 7.1% and 5.2%, respectively, giving an
excess of 1.9% among those who received
amantadine. Most reliable were the complaints of
various sleep disturbances and of dyspepsia, for
which the excess figures were 1.14% and 1.72%,

respectively. Other side-effects were statistically
insignificant.

DISCUSSION

Of the 164 virus strains isolated from patients in
Leningrad in January-February 1969, about half
came from patients included in this study. All the
strains were related to the influenza A2/Hong
Kong/68 viruses according to their antigenic and
biological properties. The same etiology was
confirmed by serological examinations of paired
heated sera in complement fixation and haemagglu-
tination-inhibition tests which showed a distinct
prevalence of antibodies that neutralized A2/Hong
Kong/1968-1969 strains. This was in contrast to a

TABLE 4
SIDE-EFFECTS PRODUCED BY AMANTADINE DURING PROPHYLACTIC ADMINISTRATION

WITH DAILY DOSES OF 100 mg

Complaint
No. of No. of subjects

Group .bects complaining Dyspepsi Deterioration Malaise Otherquestion- o le
ed Total % Total % Total % Total % Total %

Amantadine 1313 94 7.1 43 3.28" 15 1.14b 27 2.06 9 0.68

Control 512 26 5.2 8 1.56a | _b 14 2.74 4 0.78

a Differences statistically significant at the 5 % level.
b Differences statistically significant at the 5 % level.

870
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lower frequency of antibody to influenza A2/
Moscow/21/65.
The significant reduction of morbidity rates among

persons given a daily dose of 100 mg of amantadine
in comparison with the placebo group, as well as with
additional internal and external control groups,
showed that the causative viruses related to the
A2/Hong Kong/68 variants were sensitive to
amantadine under both laboratory and field condi-
tions and that the medication was effective against
the natural disease caused by this virus. The preven-
tive effect of amantadine was statistically significant
in analyses involving the 7 dosed study populations
and became evident immediately after oral adminis-
tration was started.
The reduction in the incidence of influenza in all

7 dosed populations, as shown by comparisons of
amantadine and placebo groups, is even more pro-
nounced when effectiveness is judged by comparisons
of amantadine groups with internal or external
controls. Subjects in the placebo and amantadine
groups were involved collectively in the various study
populations. The lower incidence of influenza in the
placebo group compared with the internal control
and, in particular, the external control groups, may
be the result of a decrease in the amount of virus in
the environment resulting from amantadine treat-
ment. This degree of epidemiological benefit is
sufficient to justify mass treatment with amantadine
for the effective control of A-type influenza epide-
mics.

Considering the importance of continuous daily
application of amantadine to achieve the highest
effectiveness, it is suggested that general use of the
drug among high-risk groups (old people, patients
with cardiovascular conditions and pre-school
children), as well as in other populations where
regular administration can be supervised (army,

schools, health personnel, etc.), is very desirable.
The incorporation of amantadine into fruit-juices
and other drinks can be recommended as a method of
ensuring its regular use.

CONCLUSIONS

(1) During an epidemic of influenza caused by
viruses related to influenza A2/Hong Kong/1968
variants, the prophylactic effectiveness ofamantadine
hydrochloride was studied under conditions of
double-blind, inert-placebo-controlled tests involving
adults. Altogether, 8 populations with, in all,
8169 subjects participated, including 1 population in
which neither amantadine nor placebo was used.

(2) In those subjects who received amantadine
regularly, the index of effectiveness of the prophy-
lactic medication, based on clinical diagnosis, was
1.95. When the clinical diagnoses were confirmed
serologically, the index of effectiveness for the
amantadine group in comparison with that for the
placebo group increased to 2.7. A comparison of the
amantadine group with the non-medicated, non-
isolated internal control group gave an index of
effectiveness of 5.34.

(3) Preventive treatment with amantadine resulted
in the reduction of influenza A2 morbidity not only
in the amantadine group, but also in the concurrent
placebo group.

(4) Administration of amantadine to healthy
young subjects at a daily dose of 100 mg after a meal
was associated with an increase of 1.14% in
complaints of various sleep disturbances which
however did not interfere with the working capacity.
This quite insignificant occurrence ofmild complaints
in the amantadine group cannot be considered a
contra-indication to general widespread administra-
tion of the drug.

SUM8

EFFICACITt PROPHYLACTIQUE DU CHLORHYDRATE D'AMANTADINE AU COURS
D'UNE EPIDtMIE DE GRIPPE DE HONG-KONG A LENINGRAD, EN 1969

Une epidemie due a des virus grippaux apparentes aux
variants A2/Hong Kong/68 a foumi l'occasion d'6valuer
la valeur prophylactique du chlorhydrate d'amantadine.
Au total, 8169 sujets ag6s de 18 i 30 ans ont participe a
cet essai mene selon la m6thode du double anonymat:
3885 d'entre eux ont requ quotidiennement 100 mg
d'amantadine par voie buccale pendant 12 it 30 jours, et

2498 un placebo. On a constitue deux groupes temoins
comprenant 1786 personnes auxquelles on n'a administr6
aucune preparation.
Chez les sujets trait6s regulierement, l'indice d'effica-

cite de l'amantadine, etabli d'apres des criteres purement
cliniques, a atteint 1,95, ce qui correspond a un coefficient
de protection de 48,7%. Si l'on considere les cas de

871
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grippe confirmes serologiquement, l'indice d'efficacite et
le coefficient de protection prennent les valeurs respec-
tives de 2,7 et de 53,5%. Une comparaison des taux de
morbidite enregistres dans le groupe traite par I'amanta-
dine et dans les deux groupes temoins fait ressortir des
indices d'efficacite de 5,34 et 6,88 et des coefficients de
protection de 81,3% et 85,5%.

La prophylaxie par I'amantadine a entramn6 une
reduction de la morbidit6 par grippe A2 non seulement
chez les sujets traites, mais aussi dans le groupe * pla-
cebo . Les reactions secondaires, rares et benignes, ne
contre-indiquent en aucune fagon un emploi generalise
de ce genre de prevention.
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