
General Discussion-Session II

DR J. T. SETO. In preliminary studies ofHong Kong
influenza sialidase (neuraminidase), the enzyme of
A2/Aichi strain was investigated.
The optimum pH of the sialidase activity of this

Hong Kong isolate was found to be between
pH 5.0 and pH 5.5. This is in contrast to an optimum
pH of 6.5 for A2/Japan/305 and pH 6.0 for X-7
recombinant. The enzyme of A2/Aichi is relatively
stable to heat inactivation: this is characteristic
of many previous A2 isolates. The enzyme of A2/
Aichi was found to be inhibited by the highly
specific X-7 virus enzyme antiserum to the same
extent as X-7 sialidase.

DR R. SOHIER. Concerning the use of strain-specific
complement fixation for the identification of human
influenza virus, if antisera are prepared strictly
according to the method preferred by Lief & Henle
they often contain not only homologous antibodies
but also heterologous antibodies. If such antisera
are absorbed with chorioallantoic membrane infected
with a remotely related strain of influenza virus
(e.g., A0/PR/8), many or all of the heterologous
antibodies are removed. For instance, it is possible to
obtain an antiserum that reacts only with A2 or
only with A2/Hong Kong/68.

DR R. DEIBEL. A ferret anti-influenza A2/Hong
Kong/68 serum and a ferret anti-influenza A2/
Taiwan/64 serum were used in haemagglutination-
inhibition tests with 22 influenza strains isolated
during the influenza epidemic in New York State
from December 1968 to January 1969. The test dose
was 4 HA units. The HI titres of the ferret sera with
the homologous virus strains were 640 and 320
respectively. However, the HI titres against the
recently isolated strains of influenza virus varied
from 160 to 5120 with the anti-influenza A2/Hong
Kong/68 serum and from <10 to 320 with the anti-
influenza A2/Taiwan/64 serum. With each of the
strains, HI titres of the anti-A2/Hong Kong/68
serum were at least 4-fold and up to 64-fold higher
than those of the anti-Taiwan/64 serum.
These results show that all 22 isolated virus strains

resemble the Hong Kong/68 variant, but the differ-
ences in the reactivity of the reference sera also
suggest some variations among these strains.

DR N. VEERARAGHAVAN. The haemagglutinating
properties of 50 strains of A2/Hong Kong/68 virus

with red cells of different species of animals have
been studied. The titres were similar with guinea-pig
and fowl cells. There was no evidence of a marked
O phase. The levels of the titres obtained with the
red cells of white rat, rabbit, mouse and monkey were
next in descending order. Seven strains gave very
low haemagglutination titres with sheep red cells
while none of the strains haemagglutinated calf cells.

DR D. J. DAVIS. The preceding papers have presented
data in support of the hypothesis that an influenza
virus antigenically similar to the Hong Kong strains
of 1968-69 circulated widely in the world 70-80
years ago. Serological evidence has been presented
which tends to show that such infections certainly
occurred in Asia, North America, and Europe.

It has also been pointed out that strains recovered
from horses in the last decade are related to the
A2 strains, and may be similar to those causing
human epidemics around 1890-1900. Data in the
paper by Davenport et al. (see page 453) seem to
suggest that the Hong Kong viruses are related to the
hypothetical virus that caused an epidemic in 1900,
and the data of Dr Masurel and of Dr Fukumi (see
pages 461 and 469) supported the idea that the Hong
Kong-like viruses circulated in or about 1900.
Marine et al. (see page 475) also found Hong Kong
and Equi-2-like antibodies in persons born before
1892 and, on the basis of antibody prevalence and
antibody absorption studies, concluded that the Hong
Kong virus and the closely related Equi-2 are proto-
types of a virus that circulated before 1900 and which
presumably caused the 1889-92 epidemics. With
these hypotheses in mind, it would seem worth
while to examine the historical record for a descrip-
tion of just what epidemics did occur about the turn
of the century.
There are 2 ways of ascertaining the historical

occurrence of influenza epidemics. One way is to
check the accounts in contemporary medical
writings; the other way is to examine the death rates
due to pneumonia and influenza. The records
indicate that influenza epidemics have been noted at
irregular intervals since the year 1173 a and, unlike
many other infectious diseases, influenza continues
to plague mankind. After a severe epidemic in 1847
and prior to 1889. there was a long period free from

a Vaughan, W. T. (1921) Influenza, an epidemiologic study
Baltimore (Amer. J. Hyg., Monograph Ser., No. 1).
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epidemics. It seems clear that during this 40-year
period there was no epidemic serious enough to be
reflected in increased mortality. In the USA increased
incidence of influenza, with subsequent mortality, was
noted in the eastern states in December 1889, with
the peak in early January 1890. In Europe, markedly
increased numbers of deaths from influenza and
pneumonia and reports of the disease also pointed to
a peak in January 1890. Early in 1892, another
epidemic of influenza occurred.
The next suggestion of epidemic conditions came

in 1900 when the mortality from influenza and pneu-
monia increased noticeably, but not as sharply as
in 1890 or 1892. The records of influenza and
pneumonia mortality in Massachusetts from 1887
to 1916 b show that the death rate for both diseases
was higher in 1900 than in any year between 1893
and 1916. The rate was about twice as high as the
average for the period. The highest monthly death
rates occurred in March and April of the year 1900.
A similar situation was reported in Great Britain.
For instance, in 1900, the death rate from influenza
in England and Wales was 509 per million compared
with 574 per million in 1892. The 1900 figure was
the highest between 1892 and 1918. One can postulate
that in the 10-year interval between 1890 and 1900 an
antigenic change occurred similar to the change we
have recently seen. The great pandemic of 1918 was
the next discernible event.
Data presented at this Conference have shown a

close relationship between the horse influenza viruses
A/Equi-2, recovered in 1963, and the Hong Kong
virus which was not recovered until 1968. Have these
strains or their antigenic components been lurking
in animal populations for several years before
invading humans? Were they modified in an animal
reservoir? Does the virus recycle about every
70 years? Should we be particularly concerned about
the reappearance of more virulent strains?

This discussion also bears on the question of selec-
ting criteria for classifying subtypes of influenza A
virus in order to relate them to similar strains
appearing years before. Such a classification is of
more than academic interest, and it is imperative in
public health practice quickly to discern and label a
new subtype that may have epidemic potential. The
capacity to cause sharp epidemics, particularly in
adults, as occurred in Hong Kong in July 1968, is
strong presumptive evidence of a new variant. We
should be alert to the implications of such an occur-
rence, particularly when an interval of 10 years has

b Frost, W. H. (1919) J. Amer. med. Ass., 73, 313.

elapsed. We should improve epidemiological tech-
niques to improve our forecasting of epidemics and
our methods of dealing with them.

DR D. HOBSON. The results of a recent Medical
Research Council trial in England with killed
vaccines illustrate the difficulty of determining the
antigenic relationship between Hong Kong virus and
earlier A2 strains.
A total of 183 adults was divided into 3 groups:

groups 1 and 2 were given Asian (A2/64) vaccine
subcutaneously; group 3 received only Hong Kong
vaccine. The main questions as we saw them were:
(1) whether Hong Kong and A2/64 antibodies were
distinct, independent variables; and (2) whether each
type of virus was stimulating and detecting one and
the same antibody with only random differences in
efficiency.
Each type of vaccine gave a greater homologous

than heterologous response, in terms of the number
with a 4-fold rise in titre. If we break down the
figures, the independence of the 2 antibody responses
was obvious: 4-fold rises in Hong Kong antibody
occurred in only 7% of those given A2/64 vaccine,
but 4-fold rises occurred in 39% of those given Hong
Kong vaccine. On the other hand isolated rises
in A2/64 antibody occurred in 32% of the people who
were given homologous vaccine but in none of
those given Hong Kong vaccine.
Even in people with a double antibody response to

vaccines, the A2/64 component was dominant in
those given A2/64 vaccine and the Hong Kong
antibody component was dominant after Hong Kong
vaccine.
Hong Kong and A2/64 viruses may not share

haemagglutinin, but they do share neuraminidase
antigen and give rise to the same enzyme-inhibiting
antibody. Could this common neuraminidase-
inhibiting antibody be responsible for the apparent
HI cross, by some form of steric hindrance? The
answer to this question seems to be no: a recom-
binant with fowl-plague virus haemagglutinin and
Hong Kong neuraminidase showed no inhibition by
any sera in HI tests.

DR S. C. SCHOENBAUM. In agreement with results
presented in earlier papers on the age distribution of
pre-epidemic Hong Kong antibodies, the frequency
of Hong Kong antibody was found to be high in sera
collected in 1968 in a community of retired people.
During an epidemic of Hong Kong influenza the

attack rate of clinical illness was 16% among 1564
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persons born after 1895, but before 1910; the
clinical attack rate was 9 % among 875 persons born
between 1890 and 1894 and only 6% among 540
persons born prior to 1890. Furthermore, there was

some suggestion that illnesses were milder among the
oldest members of the population. Although a small
(<500%) difference in attack rate between the oldest
and youngest members of this retirement community
was observed in an epidemic of A2 influenza that
occurred in the same population 3 years earlier, the
difference did not approach the 250% difference in
attack rates observed during the Hong Kong
influenza epidemic.

DR M. F. WARBURTON. In 1957, following a recom-

mendation from the World Health Organization,
we collected serum samples from older people in
Australia. These sera were recently examined for
HI antibodies against A2/Hong Kong, A2/Japan/
305/57 and A2/North Carolina/63 with the surprising
result that, although the pattern of antibody to
A2/Hong Kong in Australia in those born before
1900 is similar to that reported by others at this
session, there is an almost complete absence of
antibody to A2/Japan/305/57 virus. The 3 sera that
did possess antibody to the latter strain had higher
titres to the relatively closely related A2/North
Carolina/63 isolate. Asian antibody was not found in
25 sera collected in 1954 from persons born before
1900.
Comparative data on influenza mortalities in

England and Australia after 1890 indicate that
Australia was not seriously affected by influenza for
the 30 years following 1860 but did in fact suffer
severely in the 1890 pandemic and in the outbreaks
in 1895 and 1899-1900. This evidence would tend to
support the interpretation of Marine et al. (see page

475) that the 1890 pandemic was, in fact, associated
with a virus that possessed a haemagglutinin antigen
very similar to that of A2/Hong Kong and not
A2/Japan/305/57 as has been previously believed.

DR F. S. LIEF. Reciprocal haemadsorption-neutral-
ization tests revealed that a major antigenic shift
had occurred in the haemagglutinin of the A2/Hong
Kong variant. Reciprocal antigenic sharing could be
demonstrated with the Equi-2 strain but no cross-

reactions could be detected with any of the A2 strains
except for a very minor one-way cross-reaction with
an A2/ 1967 isolate. On comparing Hong Kong
virus with a more extended list of viruses, particularly
A2, by the strain-specific complement-fixation test,

it was found that Hong Kong virus bore an antigenic
relationship solely to Equi-2. Anti-V sera used in the
test were produced by injecting guinea-pigs with
ether-treated haemagglutinins. Pereira has shown
that such sera frequently lack antibodies to the viral
neuraminidase but have high titres of antibodies to
the haemagglutinin of the virion. Thus, by selecting
sera with antibodies directed solely toward the
haemagglutinin, the uniqueness ofthe haemagglutinin
component of the Hong Kong virus also became
apparent by complement fixation.
An examination of 64 sera from young adults and

66 sera from people 65-90 years old, taken prior to
the introduction of Hong Kong virus, revealed the
complete lack of neutralizing antibodies to Hong
Kong virus in the former and an 83 % incidence in the
latter. Both age-groups were saturated with anti-
bodies to prototype 1957, 1967 and 1968 A2 strains,
but the geometric mean titres of the 2 groups to the
latest strain were of a low order of magnitude
(1 :10 and 1: 15) respectively. Of the old people,
66% also had antibodies to Equi-2. Since the
incidence and levels of Equi-2 antibodies were lower
than those to Hong Kong virus, it suggested that the
Equi-2 antibodies reflected cross-reactive antibodies
due to infection in the past with a Hong Kong-type
virus. However, on assaying the sera of the young
cohort by complement fixation, antibodies to Hong
Kong virus also became detectable in 72% of them.
The question arose whether these antibodies were
directed to the viral neuraminidase and if so,
whether they were protective. Accordingly a series of
paired sera from young adult patients who were ill
with Hong Kong influenza was tested by complement
fixation against V antigens prepared from Hong Kong
and the recombinant X-15 (a virus containing
Equi-1 haemagglutinin and A2/RI/5+neuraminidase)
which was described in the earlier paper by Schulman
& Kilbourne (see page 425). Acute-stage sera from
all patients showed no neutralizing antibody to
Hong Kong but CF antibodies to the same virus
were readily detectable in all. On convalescence the
titres to A2/Hong Kong and X-15 rose significantly.
The results with these sera imply that the CF anti-
bodies to Hong Kong virus which were found in the
sera of the young cohort no doubt represented
antibodies to the neuraminidase which the Hong
Kong variant shares with earlier A2 strains. Such
neuraminidase antibodies apparently do not prevent
infection and disease. Whether they might help to
reduce severity and mortality remains to be
determined.
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In experiments with ponies, 8 animals were
inoculated with A2/Hong Kong virus and infection
developed in all animals, as evidenced by virus
isolation, occurrence of complement-fixing and
neutralizing antibodies to A2/Hong Kong and to
A/Equi-2 influenza viruses. During this study one
investigator developed an acute influenza-like
illness.

DR C. H. STUART-HARRIS. There is a striking
contrast between the papers presented in Session I
and Session II. The first session was concerned with
the description of epidemic experiences in various
countries and the second with the characteristics
of the Hong Kong virus and the evidence concerning
its origin. The problems raised in the first session by
the varied national experience of epidemics have not,
in my view, been solved by the intensive study of the
viruses.

In regard to the account of the haemagglutinin and
neuraminidase relationships between the Hong Kong
virus and the other A viruses of human origin, the
evidence seems to point to a common progenitor for
recent A2 viruses and the Hong Kong strain. The
interpretation of the relation between the various
animal A viruses and A2/Hong Kong is extremely
difficult. The finding of a relation between certain

avian and Equi-2 viruses and Hong Kong virus is
acceptable but I have yet to be convinced that animal
viruses explain the origin of human variants.
The suggestion that animal and human A viruses
indulge in a " dizzy dance " of recombination is not
acceptable to me.
Turning to the findings concerning the antibody

patterns in the pre-1957 sera described by Dr Masurel
(see page 461), these provide evidence that A2/Hong
Kong is "an auld acquaintance" of the human
population. Yet the implication of the recycling of
strains at 60-year intervals, referred to by Davenport
et al. (see page 453), raises the question of a ghostly
reservoir as yet undiscovered. Can we really accept
the concept of RNA ghostly species waiting for a
suitable moment to clothe themselves with surface
proteins and to appear once more as fully effective
viruses? Or is there some simpler explanation?
Can it be that we have overlooked viruses which
might constitute the intermediates between the
widely divergent antigenic groups of human A
viruses, and that a more gradual variation actually
exists? At any rate, the present lack of knowledge
concerning the origin of influenza viruses is likely to
be a challenge and a stimulus to the younger virolo-
gists among us. There is certainly plenty of work to
be done to clarify the present problems.
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