
SESSION II

PROPERTIES OF THE HONG KONG INFLUENZA VIRUS



Bull. Org. mond. Sant) 1969, 41, 415-418
Bull. Wld Hith Org.

Properties of the Hong Kong Influenza Virus
1. General Characteristics of the Hong Kong Virus *

MARION T. COLEMAN & WALTER R. DOWDLE

Biological properties of the Hong Kong influenza variants are described in relation to
the isolation and identification of strains, sensitivity to nonspecific inhibitors, and serolo-
gical diagnosis. Hong Kong virus strains were readily isolated in both eggs and monkey-
kidney tissue cultures and were identified by haemagglutination-inhibition (HI) with
chicken erythrocytes. The morphology, soluble antigen, and neuraminidase of Hong Kong
isolates were similar to those of earlier A2 Asian influenza strains. Hong Kong haemagglu-
tinins were related in varying degrees to previous human A2 and animal influenza viruses.

The sensitivity of Hong Kong isolates to nonspecific haemagglutination inhibitors in
serum varied widely. From least to most inhibitory, the ranking of sera of8 animal species
tested was: monkey, goat, chicken, human, rabbit, ferret, guinea-pig and horse. The same
sera were treated with heat, trypsin, periodate, receptor-destroying enzyme and kaolin to
determine the most effective way of removing nonspecific inhibitors. The results varied with
the animal species involved.

The A2 Asian antigen was nearly as effective as Hong Kong antigen in detecting antibody
rises by HI tests. HI tests with either antigen were more efficient than complement-fixation
tests for serodiagnosis of Hong Kong influenza, but for maximum efficiency both tests
were required.

Biological as well as antigenic characteristics of
the Hong Kong influenza variants differ markedly
from those of influenza A2 virus strains isolated in
recent years. The isolation, identification and sen-
sitivity of Hong Kong variants to nonspecific
inhibitors and the serological diagnosis of infection
are emphasized in this discussion because of their
direct application in the diagnostic laboratory.

ISOLATION AND IDENTIFICATION

Unlike A2 strains of the past few years, Hong
Kong virus strains were readily isolated from throat
and nasal specimens both in the allantoic cavity
of embryonated eggs and in primary rhesus monkey-
kidney tissue cultures. Embryonated eggs were
routinely inoculated by combined amniotic-allantoic
routes, and in most instances haemagglutinins were
recovered from the harvested allantoic fluid without

* From the WHO International Influenza Center for the
Americas and the Respiratory Virology Unit, National
Communicable Disease Center, Health Services and Mental
Health Administration, Public Health Service, US Depart-
ment of Health, Education, and Welfare, Atlanta, Ga., USA.

further adaptation of the virus. In our laboratory
embryonated eggs were more sensitive for virus
isolation than monkey-kidney tissue cultures which
were inoculated and maintained without serum on
roller drums at 35°C. When specimens were ino-
culated in parallel into both systems, twice as many
isolates were recovered in eggs as in tissue culture.
The presence of Hong Kong influenza haemagglu-

tinins was detectable with either chicken or guinea-
pig erythrocytes at approximately equal titres. The
mean haemagglutination (HA) titre of allantoic
fluids on initial harvest was 1: 240. There was no
evidence that the newly isolated strains underwent
the initial 0 phase (higher HA titres with guinea-pig
than with fowl erythrocytes) which was described
for the Al isolates (Burnet & Bull, 1943) and was
observed with A2 strains of recent years.
Hong Kong influenza virus isolates usually pro-

duced recognizable cytopathic effect in monkey-
kidney tissue monolayers after 3 days' incubation
but presence of the virus could be detected even
earlier by haemadsorption of guinea-pig erythro-
cytes. The haemagglutinin titre of the culture
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medium was usually adequate at least by the second
passage to permit identification by the haemaggluti-
nation-inhibition (HI) test (Davenport & Minuse,
1964). Some 90% of the egg isolates were identified
by HI after a single passage.
Some variation was observed among isolates in

avidity for antibody, but the majority of strains were
inhibited by high titres of A2/Hong Kong/8/68
reference chicken serum. Generally, isolates with
higher HA titres were also more reactive with
specific antibody.
The morphology of Hong Kong variants, as shown

in electron micrographs of early egg passages, was
highly pleomorphic with typical spherical (Fig. 1)
and filamentous (Fig. 2) virions.1
The antigenic structure of the Hong Kong variants

was defined by complement-fixation (CF) as sharing
the soluble antigen common to viruses in the
influenza A group. The neuraminidase of the Hong
Kong strains was similar to the enzyme of other A2
strains (Coleman et al., 1968). Antigenic analysis
by reciprocal HI tests with allantoic fluid antigens
and immune chicken sera revealed varying degrees
of relatedness of Hong Kong strains to previous
human A2 and animal influenza viruses. These
relationships will be discussed in detail in subsequent
papers at this Conference.

SENSITIVITY TO NONSPECIFIC INHIBITORS

Five of the early influenza A2/Hong Kong iso-
lates in low passages (A2/Aichi/2/68-E6; A2/Hong
Kong/1/68-MK2E2; A2/Hong Kong/8/68-MK1-
El) and A2/Hong Kong/16/68-MK1E2; A/2
Hong Kong/50/68-MKI E2) and A2/Georgia/25/69
(E2) were examined for susceptibility to nonspecific
haemagglutination inhibitors in normal sera of 8
animal species.

Sixty sera from normal monkeys, goats, chickens,
man, ferrets, rabbits, guinea-pigs and horses were
tested by HI against 4 HA units of unheated
allantoic fluid antigens. Of the species tested,
monkey sera were the least inhibitory, followed by
goat sera and chicken sera. None of the untreated
normal monkey sera had any haemagglQtinin
inhibitors (Table 1). Some goat and chicken sera
were inhibitory at dilutions of 1:10 and 1:20
although the geometric mean titres (GMT) of all
observations (each serum against each virus strain)

1 Electron micrographs prepared by Dr Frederick A.
Murphy, Chief, Viropathology Laboratory, National Com-
municable Disease Center, Atlanta, Ga., USA.

were less than 1: 10 for these species. Most human
and rabbit sera inhibited viral HA (GMT = 1: 23
and 1: 50, respectively). Ferret sera varied widely in
inhibitory activity, ranging from no inhibition to
titres of 1: 640 (GMT = 1: 38). Every guinea-pig
serum tested demonstrated some inhibitory activity
(GMT = 1: 93). All normal horse sera were
strongly inhibitory for the Hong Kong strains
(GMT = 1: 525).

Aliquots of the same group of sera were treated
by various methods to determine the most efficient
way of removing nonspecific haemagglutination
inhibitors. The methods for treating sera included
heat inactivation, trypsin, periodate, heat-trypsin-
periodate combined (Davenport & Minuse, 1964),
receptor-destroying enzyme (RDE; Burnet & Stone,
1947), and kaolin adsorption. Inhibitory sera
resistant to standard RDE treatment were incubated
overnight with 1000 units ofRDE per ml rather than
100 units. Kaolin adsorption consisted of treating
preheated serum dilutions for 20 minutes at room
temperature (250C) with 25% acid-washed kaolin
adjusted to pH 7.2 and centrifuging to remove the
kaolin.

Heating at 56°C for 30 minutes slightly reduced
inhibitors in rabbit sera, had no effect on human,
ferret or horse sera, and enhanced inhibition by
chicken and guinea-pig sera. Thermal enhancement
of inhibitory serum activity has also been noted for
the Asian influenza viruses. Cohen, Newland
& Biddle (1963) suggested that heating may expose
more active sites on the inhibitory serum molecule
or that heating destroys some serum factor which
normally interferes with the union of virus and
inhibitor.
The inhibitors present in goat and chicken sera

were removed by trypsin, RDE and kaolin. Human
and rabbit serum inhibitors were not affected by
trypsin or periodate but were removed by RDE and
kaolin. Geometric mean titres of ferret serum
inhibitors were reduced by both periodate and kaolin
treatment although some individual ferret sera
remained inhibitory at 1: 10 dilutions. Overnight
treatment with 100 and 1000 units of RDE failed to
remove the inhibitors in ferret, guinea-pig, and horse
sera. Periodate was the only successful treatment for
horse sera, and kaolin adsorption was the only
method which afforded any reduction of guinea-pig
serum inhibitors. Kaolin adsorption is not the method
of choice when other methods of removing inhibitors
are effective, because kaolin also removes immuno-
globulin fractions containing specific antibodies.



FIG. 1. SPHERICAL INFLUENZA VIRIONS (A2/Hong Kong/1/68) FROM ALLANTOIC FLUID (x200000)
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FIG. 2. FILAMENTOUS AND PLEOMORPHIC INFLUENZA VIRIONS (A2/Aichi/2/68) FROM ALLANTOIC FLUID (x75000)



GENERAL CHARACTERISTICS OF HONG KONG INFLUENZA VIRUS

TABLE I
THE EFFECT OF TREATMENTS ON INHIBITORS OF A2/Hong Kong INFLUENZA

VIRUS HAEMAGGLUTININS IN NORMAL SERA OF 8 ANIMAL SPECIES

Treatment a

Species Nor.of___-Pridt
S isera None Heat Trypsin |Perioate Heat-T-P RDE Kaolin

Monkey 3

Goat 3

Chicken 7 16

Man 8 23 25 21 17 11

Ferret 8 38 37 13 16

Rabbit 10 50 31 11 22 92

Guinea-pig 14 93 618 546 91 118 288

Horse 7 525 525 589 172 40

a The Inhibition titre is the reciprocal of the highest serum dilution which inhibited 4 HA units
of antigen. Values shown are reciprocals of geometric means of serum titres against influenza
A2/Hong Kong/1/68, A2/Hong Kong/8/68, A2/Hong Kong/16/68, A2/Hong Kong/50/68, A2/Aichi/2/68,
and A2/Georgia/25/69. No entry indicates a geometric mean titre less <1 :10.

Like the early A2, or Asian, strains, the Hong
Kong strains appeared to be highly sensitive to
y-type inhibitor (Cohen, Newland & Biddle, 1963)
present in high titre in normal horse and guinea-
pig sera. Inhibitor sensitivity among the Hong
Kong influenza strains varied slightly but there was
no consistent variation with any species of sera or
any method of treatment. A single experiment with
heated virus indicated that the Hong Kong strains,
unlike the early A2 strains (Cohen & Belyavin,
1959), were extremely sensitive to a, or Francis
(1947), type inhibitors.
None of the Hong Kong inhibitors fits exactly

the published descriptions of Chu or f inhibitors.
Chu (1951) described the properties of such inhibi-
tors in a variety of animal sera as heat-labile,
adsorbed by kaolin, destroyed by trypsin, resistant
to periodate and RDE, and equally active against
live or heated viruses except mouse-adapted strains
which were relatively insusceptible. A mouse-
adapted strain of A2/Aichi/2/68 (E5M 16) was
resistant to inhibitors in untreated and heated sera of
ferrets and guinea-pigs. Also, kaolin treatment
effectively removed inhibitors in all species except
horse sera, but trypsin was largely ineffective and
heating at 65°C for 30 minutes did not destroy the
inhibitors.
The presence and reactivity of influenza haemag-

glutinin inhibitors in animal sera are complex and

unpredictable. The empirical findings must be taken
into consideration in the interpretation of HI
results.

SEROLOGICAL DIAGNOSIS

Diagnostic serology was routinely performed by
HI tests with A2/Japan/170/62 and A2/Hong
Kong/8/68 allantoic fluid antigens. The Asian
antigen was nearly as effective as the Hong Kong
antigen in detecting HI antibody rises in paired sera

TABLE 2

SEROLOGICAL CONVERSIONS a BY
HAEMAGGLUTINATION-INHIBITION (HI) AND

COMPLEMENT-FIXATION (CF) TESTS IN PAIRED SERA
OF 163 ADULTS FROM POPULATIONS EXPERIENCING

A2/Hong Kong INFLUENZA OUTBREAKS

Test method
Serological
conversions Either Total Total Only Only

test HI b CFc HI CF

Number 86 79 67 19 7

Percentage 100 92 78 22 8

a 4-fold increases in antibody titre.
b HI tests with A2/Aichi/2/68 and isolates from outbreaks as

antigens.
c CF tests with influenza A soluble antigen.
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from adults. However, it was not possible to eva-
luate both antigens in persons who could not have
been exposed to A2 viruses prior to the Hong Kong
epidemic.
The efficiency of HI and CF (soluble) tests for

diagnosing infection was evaluated using paired sera
of 163 adults from populations experiencing Hong
Kong influenza outbreaks in 1969. The serum pairs
were collected before and 2-3 weeks after illness.
HI tests were performed with allantoic fluid harvests
of A2/Aichi/2/68 and with isolates from the out-
breaks.

Serological conversion was defined as a 4-fold
increase in antibody titre. Of the total conversions

demonstrated, 92% were detected by HI and 78%
by CF (Table 2). Serodiagnosis by HI was the more
efficient method in that 22 % of,the conversions that
were recognized by HI were missed by CF. However,
8% of the conversions were detected by CF only.
Therefore the use of both tests was required for
maximum efficiency in serodiagnosis.

It is generally agreed that marked disparities
between CF and HI results may be related to the
interval between collection of acute and convalescent
sera (Kalter et al., 1959). In the present investiga-
tion, as well as in the earlier studies, the greatest
efficiency of diagnosis resulted when both HI and
CF were used.

REFERENCES

Burnet, F. M. & Bull, D. R. (1943) Aust. J. exp. Biol. med. Sci., 21, 55-69
Burnet, F. M. & Stone, J. D. (1947) Aust. J. exp. Biol. med. Sci., 25, 227-233
Chu, C. M. (1951) J. gen. Microbiol., 5, 739-757
Cohen, A. & Belyavin, G. (1959) Virology, 7, 59-74
Cohen, A., Newland, S. E. & Biddle, F. (1963) Virology, 20, 518-529
Coleman, M. T., Dowdle, W. R., Pereira, H. G., Schild, G. C. & Chang, W. K. (1968) Lancet, 2, 1384-1386
Davenport, F. M. & Minuse, E. (1964) Influenza viruses. In: American Public Health Association, Diagnostic

procedures for viral and rickettsial diseases, 3rd ed., New York, p. 465
Francis, T., Jr (1947) J. exp. Med., 85, 1-7
Kalter, S. S., Casey, H. L., Jensen, K. E., Robinson, R. Q. & Gorrie, R. H. (1959) Proc. Soc. exp. Biol. (N.Y.),

100, 367-370


