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Studies on relationships between human
and porcine influenza
1. Serological evidence of infection in swine in Great Britain with an
influenza A virus antigenically like human Hong Kong/68 virus

J. W. HARKNESS,1 G. C. SCHILD,2 P. H. LAMONT,1 & C. M. BRAND2

Serological evidence of infection of swine in Great Britain with an influenza A virus
closely related to the human A/Hong Kong/68 (H3N2) variant was detected by a variety
of serological tests. The Hong Kong/68 virus was first detected in man in Great Britain in
August 1968 and wasprevalent in the winters of1968-69andl969-70. There wasno evidence
that swine had been infected with a Hong Kong/68-like virus before the appearance of the
virus in man. The detection of virus-neutralizing antibody and high titres ofneuraminidase-
inhibiting antibody for Hong Kong/68 virus, and the production of precipitin lines corre-
sponding to influenza A ribonucleoprotein and haemagglutinin and neuraminidase anti-
gens of Hong Kong virus in immunodiffusion tests indicated that the swine sera con-
tained antibody specific for the Hong Kong/68 virus. Evidence suggested that the infection
of swine occurred in the early months of 1970. Clinical influenza among swine in Great
Britain was not reported during the study period and there was no serological evidence
ofinfection with " classical" swine influenzavirus strains.

A new variant of influenza type A virus was iso-
lated in July 1968 in Hong Kong (Chang, 1969).
Following its initial isolation, the Hong Kong virus
spread to many areas of the world (Cockburn et al.,
1969), rapidly replacing the formerly prevalent Asian
influenzavirus (antigenically H2N2) as the main cause
of epidemic influenza in man. Epidemics of influenza
caused by the Hong-Kong variant occurred in most
countries of the world in the two successive winters
of 1968-69 and 1969-70. The first recorded isolation
of Hong Kong virus in Great Britain was in August
1968 (Roden, 1969). Immunological characteriza-
tion of the Hong Kong virus (Coleman et al., 1968)
by haemagglutination-inhibition tests revealed mark-
ed antigenic differences between it an human A2 virus
isolated between 1957 and 1967. In particular, there
was an absence of cross-reactivity between Hong
Kong virus and the virus (A/Tokyo/3/67 (H2N2))
prevalent in the year preceding the isolation of Hong
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Kong/68. In contrast, the neuraminidase of the
Hong Kong variant was antigenically closely similar
to that of Asian influenzaviruses isolated from man
between 1964 and 1967.

Recently it was reported from the German Demo-
cratic Republic (Sandow & Wildftihr, 1970) and from
Hungary (Romvary, personal communication) that
samples of swine sera collected during 1969 and 1970
contained high levels of haemagglutination-inhibit-
ing (HI) antibody to Hong Kong/68 virus. The
presence of such antibody was confirmed in samples
of swine sera sent from Hungary to the World
Influenza Centre in London. Further, the isolation
of influenzavirus strains antigenically closely related
to the human Hong Kong/68 variant from swine
in Taiwan was recently reported by Kundin (1970).
There was no evidence of clinical influenza in swine
in Taiwan but a proportion of animals tested during
January and February 1970 possessed HI antibody
to Hong Kong/68 virus.
The present study was prompted by the above-

mentioned findings in swine populations in Hungary
and Taiwan. We wished to determine if there was
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serological evidence in swine populations in Great
Britain of infection with a virus antigenically re-
lated to the human Hong Kong/68 variant. We also
wished to determine if there was evidence that swine
might have been infected with a Hong Kong/68-like
virus before the first appearance of Hong Kong/68
virus in man in Great Britain in 1968. Serological
studies by Kaplan & Payne (1959) revealed that
evidence of infection of swine with the human Asian
influenza variant shortly after its appearance in man
in 1957 was very infrequent and similar studies in
Ireland (Meenan et al., 1962) failed to detect
any evidence of infection in swine with the A2/57
virus.
The exclusive use of haemagglutination-inhibition

tests in serological studies with influenza is subject
to certain disadvantages. In particular, the presence
in sera from many species of animals of nonspecific
inhibitors of haemagglutination leads to difficulties
in interpreting the results of such tests; also, such
tests do not detect antibody to the other subtype-
specific antigen of the influenzavirus envelope-
namely, the neuraminidase. In the present report
we describe the results of additional tests for the
detection of antibody to the subtype-specific enve-
lope antigens of the influenzavirus. Neuraminidase-
inhibition and immunoprecipitin tests were both
employed and gave information that was of value
in assessing the serological evidence of past infection
in swine with an influenzavirus related to the human
Hong Kong/68 variant.

MATERIALS AND METHODS

Influenza viruses

Strains A/England/1/66 (H2N2), A/Hong Kong/
1/68 (H3N2) inhibitor resistant strain), A/Swine/
Iowa/15/30, A/swine/Cambridge/39, A/swine/Wis-
consin/2/66, and A/swine/Taiwan/7310/10 (Kundin,
1970) were obtained from the collection of the World
Influenza Centre, London. FPV-HK was a recombi-
nant strain containing haemagglutinin derived from
fowl plague virus (Dutch strain) and neuraminidase
derived from A/Hong Kong/1/68. X31 was a re-
combinant virus (Kilbourne, 1969) antigenically iden-
tical to human Hong Kong/68 virus but with a high
growth potential in eggs. The viruses were cultivated
in the allantoic cavity of embryonated aggs except
for the A/Hong Kong/1/68 virus used in virus
neutralization tests, which had been adapted to
growth in calf kidney cell cultures.

Swine sera
These were obtained from swine herds widely

distributed in England, Scotland, and Wales at
various times between 1967 and late 1970. Sera were
from animals (usually sows) of breeding age (at
least 15 months old). Not more than 6 serum
specimens were drawn from each herd, and where
small batches of sera (30 or less) were tested not more
than 3 samples were taken from the same herd.

Haemagglutination-inhibition (HI) tests
These tests were performed by standard methods

(WHO Expert Committee on Respiratory Virus Dis-
eases, 1959) using chick erythrocytes and 8 haemag-
glutinating units of virus. To destroy nonspecific in-
hibitors, swine sera were treated with receptor-
destroying enzyme (cholera filtrate, produced by
Wellcome Reagents Ltd., London) overnight at 37°C,
followed by heating at 56°C for 60 min to destroy
residual enzyme activity. Virus and serum were left
in contact for 60 min before the addition of erythro-
cytes.

Virus-neutralization tests
Dilutions of heat-inactivated swine sera were incu-

bated for 60 min at room temperature (20-21 °C) with
100 (calf kidney) TCD50 of A/Hong Kong/68 virus
(calf-kidney-adapted strain) before inoculation into
calf kidney tissue cultures. The virus-neutralization
titre of a serum was expressed as the highest dilution
inhibiting cytopathic effects in cultures examined
after incubation for 3 days.

Neuraminidase-inhibition tests
Neuraminidase activity was estimated by the

method described by Webster & Laver (1967) using
fetuin as the substrate. In neuraminidase-inhibition
tests the method used was essentially that described
by Schild & Newman (1969) but with the following
modifications to increase the sensitivity of the test:
(1) the concentration of neuraminidase (FPV-HK
virus) used was so adjusted that on incubation with
excess substrate for 16 hours at 37'C the amount
of N-acetyl-neuraminic acid released per 0.08 ml
of virus was 10-15,tg; (2) during the enzyme-neutra-
lization reaction virus and antiserum were incubated
at room temperature (20-21°C) for 3 hours.

Immunoprecipitin tests
These tests were carried out by a modification

(Schild et al., 1972) of the techniques described by
Schild & Pereira (1969) for influenzaviruses. The
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Table 1. Proportion of swine sera showing Hi antibody in tests with A/Hong Kong/1/68 (H3N2) virus (human
isolate). The sera were obtained from 91 herds in Great Britain and were collected in July and August 1970

Reciprocal Hi titres Total no. of sera Total no. of sera
with an HI titre of

< 10 10 20 40 80 160 320 640 tested 1 :40 orgreater

no. of sera with indicated Hi
titres 325 40 29 45 40 26 9 2 516 122

percentage of total sera with
indicated Hi titres 63.0 7.8 5.6 8.7 7.8 5.0 1.7 0.4 - 23.6

antigen, purified and concentrated X31 virus, was
disrupted in the wells in the agar by the addition
of 1 % (final concentration) ofsodium dodecyl sulfate.
Identification of the precipitin lines was made by
the use of a reference hyperimmune rabbit serum
against Hong Kong/68 virus (Schild et al., 1972).

RESULTS

The incidence of haemagglutination-inhibiting
activity with human Hong Kong/68 virus in 516
serum samples collected from sows aged 15 months
or more during July and August 1970 is summarized
in Table 1. Altogether, 37% of sera had HI titres
of 1: 10 or greater, 23.6% had titres of 1: 40 or
greater, and in a small proportion of sera (2.1 %)
the HI titre was 1: 640 or higher.
Of this collection, 504 serum samples were obtained

from 85 different swine herds distributed in 31 coun-
ties in England, Scotland, and Wales (see Fig. 1).
Each herd contributed 5 or 6 serum samples. The
distribution ofsera with positive HI reactions amongst
the herds is shown in Table 2. In the present study
an HI titre of 1: 40 or greater was arbitrarily selected
as indicating a positive HI reaction. From 39 of the
85 herds (46%) at least 1 serum sample gave a posi-
tive HI reaction and in the remaining 46 herds
(54 %) no serological evidence of infection was de-
tected. There was no obvious variation in the pro-
portion of individual animals yielding HI-positive
sera in different areas of England, Scotland, or
Wales (see Fig. 1).

It was important to determine as far as possible
the time when HI activity to Hong Kong/68 virus
was developed. Swine sera collected at various
times between January 1967 and September 1970
were therefore examined. These sera had been col-
lected for routine purposes from widely distributed
localities in Great Britain. Of 111 sera collected

Fig. 1. Distribution of swine herds with serological
evidence of infection with A/Hong Kong/68 virus in
England, Scotland, and Wales in July and August 1970.
Open circles represent herds without serological evi-
dence of infection; solid circles represent herds with
evidence of infection.
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Table 2. Distribution of sera with Hi antibody to Hong
Kong/68 virus (titre of 1 : 40 or greater) amongst 85
herds of swine each providing 5-6 serum samples

collected in July and August 1970

no. of sera with HI 0 1 2 3 4 5 or 6
antibody

no. of herds 46 8 6 10 8 7

between January 1967 and March 1968, that is,
before the date of the first isolation of Hong Kong
virus from man in Great Britain, only 1 serum
gave a positive HI reaction with Hong Kong/68
virus (HI titre of 1: 80). However, this serum
reacted with a higher titre in HI tests with A2/Eng-
land/1/66 virus (titre of 1: 320). The significance of
this finding with a single serum sample is not clear
but possibly indicates infection with an Asian influen-
za virus. For the period from July 1968 to Septem-
ber 1970 20-70 serum samples from sows at least
15 months old were available for each period of
1 month with the exception of January 1969; for
his month a large collection of 2 200 sera was

available from animals 6 months old representing
herds in every county of Great Britain. The pro-
portion of sera with HI activity for Hong Kong
virus is shown in Fig. 2. Including the 2 200 sera
collected in January 1969, no evidence of HI activity
was detected before February 1969. There was thus
strong evidence that pigs were not infected before that
period. Only 2 of 72 samples collected in March
showed HI activity and in sera collected in April and
June 1969 a small proportion were positive. After
September 1969 the proportion of positive sera in-
creased and the peak incidence of HI activity was de-
tected in sera collected in March 1970 (55% positive).
The geometric mean titre (see Fig. 2) also increased
after September 1969 and reached a peak (titre 1: 320)
in June 1970.

Virus isolation studies by the Public Health Labo-
ratory Service (Miller et al., 1971) have indicated
that since its first appearance the Hong Kong virus
has been prevalent in the human population during
2 periods. The first period was for 5 months from
mid-December 1968 to mid-May 1969, and was
marked by a slowly evolving epidemic of clinical
influenza in the community. The second period
was from December 1969 to mid-January 1970, and

Fig. 2. Proportion of swine sera collected during various periodsthat had an HI antibody titre of 1: 40 or greater for
A/Hong Kong/68 virus.
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Table 3. Comparison of the frequency of Hi antibody
to human Hong Kong/68 virus (titre of 1: 40 or greater)

in serum samples man and swine

Percentage of serum samples
Serum collection made with Hi antibody

Man Swine

October-December 1968

April-July 1969

June-July 1970

2

19

46

was marked by an epidemic of illness that was

of shorter duration but more severe than that of
the previous winter. It was of interest to compare
the frequency with which HI antibody occurred
in the human and swine populations in relationship
to these periods of known prevalence of the virus
in man. Extensive serological surveys in adults in
Great Britain have also been reported by Miller et al.
(1971) and have indicated that the proportion of sera

with HI antibody (titres of > 1: 40) rose from 2%
in sera collected before the first epidemic period to
19% afterwards. After the second period, 46% of
sera contained HI antibody. A comparison with the
frequency of HI antibody detected in swine sera
collected during the same periods is shown in Table 3.
The proportions of sera with HI activity indicate
that a slower rate of acquisition of antibody occurred
in swine populations than in man; nevertheless, an

increase in antibody frequency occurred in both hosts
following the successive winters of 1968-69 and
1969-70.

Specificity ofHI antibody
It was important to determine the specificity

of the HI activity in sera positive in tests with

Hong Kong/68 virus. A number of swine sera col-
lected between July 1968 and September 1970, with
HI titres of 1: 80-1 : 640 with Hong Kong virus,
were tested in HI tests against a range of influenza A
viruses of porcine origin-including A/swine/Iowa/
15/30, swine/Cambridge/39, and swine/Wisconsin/2/
66-and also against a human Asian isolate, A/Eng-
land/l/66. None of these sera had HI antibody in

tests with virus strains other than Hong Kong
(Table 4). The serum sample collected in January
1968 which showed a higher titre with A/England/l/
66 (H2N2 than with Hong Kong/68 (see above) was
the only serum that reacted with the A/England
virus. The collection of pig sera with HI antibody to
Hong Kong/68 virus was also tested against swine/
Taiwan/7310/70 virus; all contained HI antibody for
the swine/Taiwan virus and the titres were similar to
those detected with Hong Kong/68 virus (see Table 5).

Other studies, not described in detail in this report,
were carried out to characterize further the HI acti-
vity detected in swine sera. Briefly, in sera treated
with receptor-destroying enzyme all HI activity for
human Hong Kong/68 virus could be removed by
adsorption with concentrated purified Hong Kong
virus (X-31 strain). In contrast, adsorption with
swine/Cambridge/39 virus did not remove HI activity
for Hong Kong virus. In addition, sedimentation
studies in 5-20% sucrose density gradients indicated
that HI activity for Hong Kong virus had a sedi-
mentation coefficient ofapproximately 7 S. Although
not conclusive, these studies strongly suggested that
HI activity was due to antibody (probably of the
IgG class) specific for Hong Kong virus.

Virus-neutralization tests
Neutralization tests were carried out with 27

samples of swine serum that had known HI titres
with Hong Kong/68 virus ranging from <1: 10
to 1: 640, using calf-kidney-tissue cultures to detect

Table 4. Specificity for Hong Kong/68 virus of Hi antibody in swine sera collected between July 1968 and
September 1970. A failure to react, where recorded, represents the results of tests in which the lowest dilution of

swine serum was 1: 10

Human isolates Swine isolates

A/H K/68 A/Eng./1 /66 Swine/lowa/30 Swine/Camb./39 Swine/Wisc./2/66 Swine/Tai./70

proportion of swine sera 104a 0 0 0 0 90
with Hi antibody (100%) (O°%) 6 (%) 10 (°O%) i (%) g(100%)

a All sera had HI antibody with Hong Kong/68 virus at titres of 1: 80 to 1: 640.
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Table 5. Comparison of reactions of swine sera collected during 1969 and 1970 in HI,
neuraminidase-inhibition, and immunoprecipitin tests. The latter were carried out with
concentrates of X-31 virus, a virus antigenically identical to Hong Kong/68 virus,

disrupted with sodium dodecyl sulfate

HI titres Neuraminidase- Immunoprecipitin tests;
inhibition titres precipitin linesdetected:

Serum
samples swine! wie Neura- Hae-

HK/68 Tai./70 FPV-HK Wisc./61 RNP mini- mag-
Tai./70 ~~~~~~~~daseglutinin

June-December 1969

1 160 320 < 10 < 10 - - -

2 320 640 75a <10 - - -

3 40 40 < 10 < 10 - - -

4 320 160 50 < 10 - - -

5 2 560 1 280 250 10 + - -

6 40 40 < 10 < 10 - - -

7 240 160 < 10 < 10 - - -

8 320 320 20 < 10 - - -

9 240 120 < 10 < 10 - - -

10 480 360 20 < 10 - - -

11 480 360 < 10 < 10 - - -

12 40 20 20 < 10 - - -

January-June 1970
13 1 280 2560 1 000 30 + + -

14 80 40 < 10 < 10 - - -

15 2 560 5 120 3 000 50 + + +

16 80 40 < 10 < 10 - - -

17 20 20 < 10 < 10 - - -

18 320 320 15 < 10 - - -

19 320 320 2 500 50 + + -

20 2560 1 280 150 20 + - -

21 640 320 300 < 10 + + -

22 640 320 50 < 10 + + -

July-September 1970
23 2 560 1 280 50 < 1 0 - - -

24 1 920 1 280 1 000 100 - - -

25 480 960 < 10 < 10 - - -

26 960 960 80 < 10 - - -

27 640 1 280 150 20 - - -

28 640 1 280 20 < 10 - - -

29 1 280 640 80 10 - - -

30 320 320 50 < 10 - - -

31 640 480 20 < 10 - - -

32 80 40 10 < 10 - - -

33 160 320 40 < 10 - - -

34 320 320 20 < 10 - - -

aLSerum dilution inhibiting 50 % of neuraminidase activity.
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virus infectivity. Fig. 3 shows the levels of neutraliz-
ing antibody for Hong Kong virus plotted against
the HI titre. There was a good correlation between
the activity of individual serum samples in HI and
neutralization tests. The presence of neutralizing
activity for Hong Kong virus adds to the evidence
for the specificity of the antibody for Hong Kong/68
virus.

Neuraminidase-inhibition tests

In studies on the antibody response in man follow-
ing natural Asian influenza infections, Schild & New-
man (1969) detected high titres of neuraminidase-in-
hibiting antibody in sera collected 2-3 weeks after
infection. The antineuraminidase antibody was speci-
fic for the neuraminidase of viruses of the Asian
subtype (H2N2). The presence of antineuramini-
dase antibody in swine sera was investigated in
order to seek further evidence of past infection
with Hong Kong virus. A group of swine sera
known to contain HI antibody to Hong Kong
virus (HI titres of 1: 40-1: 2 560) were examined
by neuraminidase-inhibition tests using a recom-
binant influenza virus strain, FPV-HK, as the source
of enzyme. FPV-HK virus contains haemagglutinin
derived from fowl plague virus (Dutch strain) and

640
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40
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neuraminidase derived from Hong Kong/68 virus,
and was selected for use in these tests in order to
eliminate the possibility that apparent neutralization
of neuraminidase activity might be produced by
" steric hindrance " due to antibody to Hong Kong
haemagglutinin (Easterday et al.. 1969; Schild et al.,
1970).
Table 5 shows a comparison of the neuraminidase-

inhibition and HI antibody titres in swine sera
collected at various times during the study. High
titres of neuraminidase-inhibition with FPV-HK
virus were detected in sera collected in the first 6
months of 1970 but with sera collected before 1970
high titres of neuraminidase-inhibiting antibody were
infrequent or absent, even though some of these sera
contained high titres ofHI antibody. Neuraminidase-
inhibition tests were also carried out using swine/
Wisconsin/66 virus. This virus contains neuramini-
dase antigenically different from that of the Hong
Kong/68 virus (Schild et al., 1972). Most swine
sera had no detectable antibody to the neuraminidase
of swine/Wisconsin; however, a small proportion
of sera gave small neuraminidase-inhibition titres.
The sera that reacted with swine/Wisconsin virus
in these tests were those with high levels of neura-
minidase-inhibition against FPV-HK virus (Table 5).

8 16 32 64 128 256 512 1024
Virus neutralization titre

IWHO 20376

Fig. 3. Comparison of HI titres and virus-neutralization titres for A/Hong Kong/68 virus in swine serum samples
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Immunoprecipitin tests

Immunodiffusion tests have been used effectively to
detect immune responses in man following Hong
Kong infections. Schild et al. (1972) showed that
following Hong Kong virus infections precipitin
lines corresponding to the haemagglutinin and neur-
aminidase antigens of Hong Kong virus and to
influenza A ribonucleoprotein could be detected.
Table 5 shows the results of similar tests on samples
of swine serum. The precipitin lines that formed
with the swine serum were identified by their contin-
uity with the precipitin lines given by a reference
rabbit serum prepared against Hong Kong virus as
described by Schild et al. (1972) (see Fig. 4). The
swine sera that showed precipitins for Hong Kong
virus were largely those collected in the first 6 months
of 1970. With some sera precipitin lines correspond-
ing to all three antigens of Hong Kong/68 virus-

Fig. 4. Precipitin reactions of swine sera. The well
marked X-31 contains concentrates of X-31 virus
disrupted with sodium dodecyl sulfate. Wells marked P1,
P2, P3, and P4 contain swine serum samples, and those
marked Anti-HK contain a reference hyperimmune
rabbit serum for A/Hong Kong virus. Wells P1, P2,
and P3 produced no reactions, P4 produced precipitin
lines corresponding to the ribonucleoprotein (R),
neuramrinidase (N), and haemagglutinin (HA) antigens
of X-31 virus.

namely, the haemagglutinin, the neuraminidase, and
the ribonucleoprotein-were detected (Table 4).
However, the most frequently observed response
was the production of 2 lines that corresponded to
neuraminidase and ribonucleoprotein. The relative
infrequency of precipitin lines corresponding to
haemagglutinin, even in sera containing high titres
ofHI antibody, had also been observed in studies on
human sera from individuals convalescent after
Hong Kong/68 infection (Schild et al., 1972).

DISCUSSION

InfluenzaA viruses from swine were first isolated by
Shope in theUSA (Shope, 1931). Viruses belonging to
the same subtype as the "classical" A/swine/Iowa/15/
30/virus (Pereira, 1969; Meier-Ewert et al., 1970) con-
tinue to produce epidemic influenza in swine in the
USA and other countries. Considerable attention
has been given to the possible relationships between
human and swine influenza based mainly on antibody
in human sera apparently specific for swine influenza
virus (Laidlaw, 1935; Andrewes et al., 1935; Francis
& Shope, 1936; Francis & Magill, 1936; Davenport
et al., 1953; Blagkovic & Rathova, 1956; Schild &
Stuart-Harris, 1965). Since such antibody appeared
to be restricted to persons exposed to the pandemic
of 1918-19, its detection led to the hypothesis that
the swine influenzavirus, or a closely related strain,
was the causative virus of the 1918-19 pandemic.
Furthermore, antigenic relationships have been
demonstrated between known human A0 and swine
influenzaviruses (Andrewes et al., 1935; Francis &
Shope, 1936). Recent studies have indicated that
swine influenza strains and human AO and Al viruses
share a related antigenic type of neuraminidase (N1)
(Schild et al., 1972). However, viruses identical to
the " classical " swine strains have not been isolated
from man and the significance of these findings
remains unconfirmed. This report describes other
evidence suggesting epidemiological relationships be-
tween human and swine influenza but involving the
human Hong Kong/68 variant. The serological
studies described provide strong evidence for the
natural infection of swine in Great Britain with an
influenza A virus closely related to the human Hong
Hong/68 virus strain. Infection of swine with a
Kong Kong/68-like virus seems to have occurred
during 1969 and 1970 in many localities in Great
Britain but no evidence of infection was detected
in swine sera collected before the onset of the Hong
Kong influenza epidemics in the human population
in December 1968. The conclusion that the antibody
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in swine was stimulated by a virus closely similar
to the human Hong Kong virus was based on the
demonstration of antibody to the neuraminidase
of Hong Kong virus as well as to its haemagglutinin,
and was strongly supported by the demonstration
in swine sera of precipitins specific for influenza A
ribonucleoprotein and for the haemagglutinin and
neuraminidase antigens of the Hong Kong virus.
The isolation of virus strains closely related to

human Hong Kong/68 virus from swine in Taiwan
has been reported by Kundin (1970). Antigenic
analysis of the swine/Taiwan isolates has revealed
that they contain neuraminidase as well as haemag-
glutinin antigens closely similar to those of the
human Hong Kong virus. These findings are des-
cribed in detail by Schild et al. (1972). Furthermore,
workers in the German Democratic Republic
(Sandow & Wildfuhr, 1970), Hungary, Czechoslo-
vakia, Hong Kong, and the USA (personal com-
munications from Dr J. Romvary, Dr D. Blaskovic,
Dr B. Tumova, Dr W. K. Chang, and Dr B. Easter-
day) have reported the presence of antibody to
Hong Kong virus in swine sera collected in the
respective countries during 1970. These findings
suggest that infection of swine with a Hong Kong/68-
like virus is common to a wide range of geographical
areas. However, it is not clear from the evidence
at present available whether the infection of swine
with a Hong Kong/68-like virus in Great Britain
and other countries occurred simultaneously. Also,
in the absence of virus isolates from swine, other
than those isolated in Taiwan, it is not certain
whether the infecting virus in each case was anti-
genically identical to human Hong Kong/68 virus.

In the present study only limited attempts were
made to isolate influenzavirus from swine populations
in Great Britain and no isolations were obtained.
Kundin (1970) reported the absence of clinical symp-
toms of influenza in swine populations in Taiwan
from which Hong Kong/68-like viruses were isolated
and no evidence of clinical illness was reported in
pigs in Great Britain during the present study.
Attempts to isolate virus from asymptomatic in-
fections present difficulties. However, in further
studies in Great Britain, virus isolations from swine
will be attempted in conjunction with serological
techniques aimed at locating swine populations in
which active influenza infection is present, thus
increasing the chances of recovering virus.
We have recently demonstrated minor antigenic

relationships between the haemagglutinins of the
human Kong Kong/68 virus and certain strains of

" classical " swine influenza A virus (Schild et al.,
1972) although the neuraminidases of the Hong
Kong virus and " classical " swine viruses are anti-
genically distinct. The possibility that the HI anti-
body to Hong Kong virus detected in the swine
sera might have been a heterologous response was
ruled out since these sera failed to react with " clas-
sical" swine viruses. It is of interest that the last
reported influenza epidemic in Great Britain was
in 1939 (Blakemore & Gledhill, 1941) and a survey
in Great Britain in 1969 (Harkness et al., 1971)
failed to detect any serological evidence of infection
with " classical " swine influenzavirus. Studies on
the infection of swine in Great Britain with a Hong
Kong/68-like virus are thus not complicated by the
simultaneous presence of other influenza A strains,
as might be in the case in other countries.

Several hypotheses may be suggested to explain
the evidence of infection of swine with a Hong Kong/
68-like virus; they are that the human pathogen is
capable of crossing species barriers to produce in-
fections (probably asymptomatic) in swine, or that
the Hong Kong virus may have been introduced
from swine populations to man. However, the possi-
bility cannot be excluded that infection in man and
pigs may be simultaneous and independent and that
interspecies transfer of infection does not occur.
The latter possibility seems unlikely since there is
evidence both that the swine/Taiwan/70 virus is
capable of infecting and producing mild respiratory
symptoms in human volunteer subjects (Beare et al.,
1971) and that the human Hong Kong/68 virus is
capable of infecting swine under experimental con-
ditions (Lamont, unpublished observations). The
finding that there was no evidence of infection of
swine before the appearance of Hong Kong virus in
man suggests that the second hypothesis is not true
and that, in Great Britain at least, the human Hong
Kong virus was the source of infection in sWine. A
number of workers have suggested that new variants
of influenza A virus may arise in nature by genetic
recombination between animal and human virus
strains. The origin of the Hong Kong virus is un-
certain. However, in view of its apparent ability
to infect both man and swine, it is tempting to
speculate whether it could have arisen as a result
of recombination between a human A2 and a swine
influenzavirus. Webster (1971) has shown that
under experimental conditions recombination may
take place in vivo between avian and porcine in-
fluenza A virus strains but no direct evidence is yet
available that such phenomena occur in nature.
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RtSUME

tTUDE DES RAPPORTS ENTRE LA GRIPPE HUMAINE ET LA GRIPPE PORCINE:
1. PREUVE StROLOGIQUE DE L'INFECTION DE PORCS, EN GRANDE-BRETAGNE,

PAR UN VIRUS GRIPPAL A ANTIGENIQUEMENT SEMBLABLE AU VIRUS HUMAIN HONG KONG/68

Diverses 6preuves immunologiques ont permis de
demontrer l'existence chez des porcs, en Grande-Bretagne,
d'une infection par un virus grippal A etroitement appa-
rent6 au virus A2/Hong Kong/68 de la grippe humaine.
Dans les s6rums de porcs examin6s en 1967/68 et au

d6but de 1969, on ne d6celait aucun indice d'une infection
par le virus Hong Kong/68. D'avril a septembre 1969,
quelques serums donnaient des r6actions d'inhibition de
I'hemagglutination (IH) positives pour ce virus. Apres
septembre 1969, le nombre des serums positifs s'est
progressivement accru, le taux maximal de positivite
(55%) 6tant observ6 en mars 1970. En Grande-Bretagne,
le virus de Hong Kong a ete isole pour la premiere fois
chez 1'homme en aofut 1968 et rien ne permet de supposer
que des populations porcines aient Wt6 infect6es par un
virus de ce type avant son apparition chez 1'homme.
Au cours de la presente 6tude, on a trouv6 dans des

serums de porcs des anticorps IH et neutralisants speci-
fiques du virus Hong Kong/68 ainsi que des titres
6lev6s d'anticorps inhibant la neuraminidase de ce virus.
Les epreuves d'immunodiffusion ont fourni des lignes
de precipitation correspondant & la ribonucleoproteine

des virus A ainsi qu'a l'h6magglutinine et a la neuramini-
dase du virus Hong Kong/68. Etant donne la presence
de titres eleves d'anticorps dans les serums preleves dans
les premiers mois de 1970, il est probable que l'incidence
des infections par un virus de type Hong Kong a et6
elev6e durant cette periode.
Tous les s6rums positifs en IH pour le virus Hong

Kong/68 donnaient des reactions croisees avec le virus
swine/Taiwan/7310/70, virus isole chez des porcs a
Taiwan et renfermant une hemagglutinine et une neura-
minidase tres proches de celles du virus humain Hong
Kong/68.

Durant ces investigations, on n'a signale aucun cas
clinique d'infection grippale chez les porcs en Grande-
Bretagne, et les examens serologiques n'ont pas montr6
d'infection par des souches classiques de grippe porcine
(souches apparent6es a la souche Shope S15). Quelques
tentatives en vue d'isoler des virus grippaux chez le
porc ont 6choue.
La signification de ces observations au regard des

relations eventuelles entre les virus de la grippe humaine
et les virus de la grippe porcine est examin6e.
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