
Survey of Influenza Hi antibodies in Peninsula
Malaysian sera collected before and aftet the
Hongkong 'Flu epidemic in 1968

INTRODUCTION
In July, 1968, an epidemic of Hongkong 'flu

occurred throughout Peninsular or West Mdaysia.
Because of inadequate returns of epidemiological
date from the respective medical departments in the
various states, the epidemiological picture of the
outbreak was incomplete and the final reports,
unreliable. The extent of involvement and severity
of the outbreak, therefore, were not assessed to any
degree of accuracy.

The object of this survey is primarily to
determine the actual involvement of the population
in the Hongkong 'flu and to recapitulate,
immunologically, the prevalence of the various A,
A2 and B influenza virus strains in the country
before the Hongkong/68 outbreak.

MATERIALS AND METHODS

Human sera

A total of lZ5 sera from normal persons of
different age group were examined. Of these, 375
were collected in 1961-67 (pre-Hongkong 'flu out-
break) and 350, in 7969 (post-Hongkong 'flu
outbreak). These sera were left-overs from routine
Kahn testing and serological surveys carried out
for leptospirosis and poliomyelitis, and were obtained
from persons all over Peninsular Malaysia. They
were stored at -2Oo C until required.
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DORA S.K. TAN and MOHAMED OMAR
WHO National Influenza Centre,
Institute forMedical Research, Kuala Lumpur, Malay sia

All sera were inactivated at 560C for 30 minute

prior to treatment with Receptor Destroying Enzyme
(npE) to remove non-specific inhibitors' The
method adopted was that recommended by the

WHO International Influenza Center for the

Americas.

Viral antigens

Antigens were prepared from strains obtained
from the WHO.
They Are:

1. A/Swine/19 7 6 I 3l (HswlNl )
z.AlPRl8l34(HON1)
3.AlFMltl47(H1N1)
4.A/Sin gap or e I | 57 (H2N2)
S.A/Taiwan/ I I 64\H2N2)
6.A,/Hongkong/ 1/68(H3N2)
7. Al EnSand,l 8 78/6 9 (H 3N 2)
8.B/Massachusetts/3/66

The A/Eng/69 (H3N2) strains was reported \
Dr.H.G. Pereira of the WHO World Influenza Centre
as representing a "drift" from the prototype Hong-
kong strfi in its antigenic characteristics (personal
communication).

Each of these strains was tested by the cross

haemagglutination-inhibition (HI) test with specific

antisera (Table 1). Some amount of cross-reaction
was obseved between A|TW|64(H2N2) antigen and
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TABLE 1

RESULTS OF CROSS HAEMAGGLUTINATION INHIBITION TESTS

Antigen

A/SW/B1
(HSw1N1)

B/Mass/66
A/PR/34
(HoN1)

AlFMl4T
(H1N1)

A/Tw/64
(H2N2)

A/Sing/5 7

(H2N2)
AlEnsl69
(H3N2)

A/HK/68
(H3N2)

Antiserum

i0 101040 10160 160320A/K-tr/68(H3N2)

1010 1020 10160 40320A/Eng/69(H3N2)

101010 10160 4010 10A/Tw/64(H2N2)

1010 10160 1010 4040AllapliT(H2N2)

10 10 1010 16010 10Ai FM/47(H1N1) 10

10u0 1010 1010 10i0A/PR/34(H0N1)

101Q 1601010 1010 10
A/Swine/31
(HSw1N1) 10

1601010 1010 i010 10B/Mass/66

cross-reaction between the Hongkong antigen and the
Taiwan antibody. The cross-reactions between the
A/HK(H3N2) antigen and A/Eng(H3N2) antibody
and vrce versa are consistent with the close relation-
ship between the 2 strains. A,/Sing (H2N2) didnot
cross to any great extent with A/HK strain and
appeared to behave differently &om A/TW(H2N2)
virus. There were no corss-reactions among the
subtypes HO, H1, H2lH3 and type B viruses.

Haemagglutination-inhibition test (Microtiter system)

The technique employed was that recommend-
ed by WHO and taught to ParticiPants of the
Symposium on Joint Activities of WHO Virus
Reference Centres and National Virus Laboratories
held in Tokyo in 1970. Serial two-fold dilutions of
each serum from 1:1280 were tested against 16HA
units of the viral antigens. 0.025 ml. of vrrus was
added to 0.025 ml. of serum and to this was added
0.05 ml. of 0.5% suspension of fowl erythrocytes.
The titre was expressed as the reciprocal of the
highest dilution Frrirg complete inhibition of
haemagglutination. HI titres of 1:10 and above are
regarded as positive. The usual controls and a back
titiation of ihe virus antigens were set up with each
batch of.era tested.

RESULTS AND DISCUSSION

The donors of the 725 sera collected before
and after the Hongkong 'flu outbreak in 1968 were

age grouPs to year
of birth::

Age group

A (Pre-outbreak)
(Post-outbreak)

B

C

D
E

Year of birth

1,957-67
1957 -68
1 940-56
1918-39
i 900-1 7
1 889-99

This form of age-grouping is based on the time
of occurrence of important, events in the history of
influenza epidemic and investigations and was
employed for the sake of more meaningful interpreta-
tion of results. Pandemics presumably due to Asian
(H2) prototype and swine influenza viruses occurred
in 1899-90 and 1918-19, respectively. These periods
were termed by some workers as the "ancient A2
influenza era". From immunological recapitulation
(Davenport et al., 1969: Masurel, 1969: and Fukumi,
1969) it was presumed that an "ancient Hongkong
influenza era" existed in or about 1900. In 1940,
the rype B virus (Lee strain) was firts recovered and
recognised to be distinctly seperable from type A
strain antigenically(Francis, 1940). In 1957, another
Asian (H2 pandemic occurred.

The pre-outbreak sera of age grou.p A was
collected in 1967 and of age group B to E, in 1961.
The post-outbreak sera of all age groups were
collected in 1969. The group A sera collected
before the outbreak belonged to children born in

was no

L8



1957-67 but those collected after the outbreak
were of chil&en bom in 19 57-68.

Conversion rates after the Hongkong'fle epidemic

The conversion rate of the antibodies against

the Hongkong virus in Peninsular Malaysian sera

after the Hongkong 'fle outbreak in 1968 was from
8% to 87% (10-fold). About 29Vo of the population
appeared to have been spared of the infection. The
mean geometric antibody titre(GMT) rose from 6 to
21 representing an almost 4-fold increase (Fig. 1).

A similar conversion was observed with the
closely related A/Eng!and/69 antibody where there
was a l3-fold increase in incidence ertd a ?-fold
increase in GMT.

The incidence of A/Taiwan and A/Singapore
antibodies rose between lth - to 2-fold after the
outbreak. However, the GMT of the A/Taiwan
antibo&es increased by Afold and that of the
A,/.Singapore antibodies increased by 3-fold. It is
possible that the rise in incidence and titre of the
A,/Taiwan antibodies indicated an anamnaestic
response to the A/Hongkong virus rather than
a simultaneous infection with these 2 strains.

No siggificant conversion was noted with A/
PBJ8, A/FM/I and A/Swine antibodies. A ?-f.old
increase in incidence and average. mean titre was'

however, noted with B/Mass antibodies.

Moderate rates of antibodies versus Hongkong
virus were detected in children less than 10 years of
age (groupA) even before the 1968 outbreak (Fig 2

and Table 2a). It is possible, howevet, that the HI
test was detecting neuraminidase (N2) antibodies to
the Hongkong virus, which is closely related to the
N2 antigens of the Taiwan and Singapore strains.
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Fig. 2 FREQUENCY DISTRIBUTION AND GEOMETRIC
MEAN TITRE OF HI ANTIBODIES TO S INFLUENZA
VIRUS STRAINS IN W. MAIAYSIAN SERA OF 5 AGE
GROI.IPS COLLECTED BEFORE AND AFTER TI{E

HONGKING'FLU OUTBREAK IN 1968.
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The sera of these children were sent to the WHO
International Influenza Center for the Americas,
Atlanta, U.S.A., to be tested for specific H3
antibodies. They were put up against the wild type
A/HK/8/68(H3N2) and the recombinant A/llK/8/63
(H3)-equine/Praque/1/56(Neql) in the HI test (see
Table 3). With one exception all of the Hi titres
to A/HK antigen dropped out when thc sera wcre
tested against the recombinat strain containing
only the H3 haemagglutinin. This suggests that the
pre-1968 HK titres were apparently due to N2 and
and not to H3 antibodies.The possibility that the HK
virus ,could have been circulating among the younger
age group prior to 1968 was therefore ruled out.

TABLE 3

HI TEST OF PRE.HK INFLUENZA OUTBREAK
CHILDREN'S SERA TO DETECT H3 ANTIBODIES

Sera

Codc No.

ANTIGEN

A/HK/8/68 A/HK/8/68 (H3)

cq/Pr/56 (Ncq 1)

Scrtrtl
Con trol

VR 23076

2287 5

2285r
23321

2341,9

23610

23476
23631,

23641

23405
22834

80

10

160

160

20

0

40

l0
l0
40

0

0

0

80

0

0

0

tl

0

0

0

0

10

0

0

0

0

40

0

0

0

0

Xo

CONTROLS

A/HK/8/68
AiHrgs/68-

eq/Pr/56

320

320
160

160

Why the N2 antibodies inhibited H3N2 virus
to this degree is not clear. It could be due to the
presence of low level (undetectable) nonspecific
inhibitors which will gready enhance the reaction.
Frequently, this is the result of incomplete distruc-
tion of nonspecific inhibitors by RDE. In any
event, this is a real phenomenon.

The actual epidemic in 1968, appeared to have
involved more the adult groups than children aged
1 to 2 years. The individual post-epidemic titres of
the older groups ranged from 1:10 to 1:640whereas
those of age froup A ranged from 1:10 to 1:80.
In subsequent minor and localised outbreaks caused
by the Hongkong variant which occirrred in Malaysia
in 1970 (Tan ctal., l97t) and 1971 (unpublished)
the children were again spared of the infection.
Thc reasons for this arc not clear.

The pattern for A/Singapore antibodies in the
pre-outbreak sera differed considerably from those
of A/Taiwan and A/Hongkong antibodies. All age

groups possessed A/Singapore antibodies with the
peak incidence in group B, born in 1940-56, who
comprised children and young adults. A post-
cpidemic booster effect is evident in all age groups.

In the case of A/Taiwan antibodies, their
relative high prevalence in children (group A)
compared with the older age groups may be attributed
to the fact that groups B to E were sampledin 1961
i.e. before they experienced the A|TWl64 virus and
group A was sampled in 1967 after the emergence of
thc 1964 virus. Not much significance can therefore
bc attached to the diiferenceln antibody prevalence
bctwccn group A and the others. The post-outbreak
scra showcd greater than 9O7o prevalence rates for all
agc groups, presumably due to anamnestic response.

The oldest age group, E. born in 1889-9O
showed residual antibodics versus A/Taiwan and
A/Singapore viruses which were generally higher in
prevalence and titre than those of antibodies in
persons born between 1900 to 1939 (aged22to6t
years). This was also evident with antibodies versus
A/Hongkong and A/England strains although in these
cases tle titres were much the same among the

-various age groups (Table 2a).

It has been presumed, as mentioned in the
foregoing, that the pendemic of 1889-90 was due to
Asian (H2) prototype and that the Hongkong type
virus apperared in man about 1900. Marine and
Workman (1969) had even suggested that the 1889-
90 pandemic was in fact more closely related to
the Hongkong variant than to other known strains.

Based on the hypothesis of Davenport et al.
(1953) and the antibody patterns of tih" elderly
persons of Malaysia born in 1889-90, it may be
deduced that this section of the population did

2l



encounter the Asian (H2) prototype virus and the
Hongkong variant in their younger days'

The pandemic of 1918-19 was presumed to be

caused by strain related to swine influenza virus'
This is most cl"r.ly evident in theextremely marked
incidence of antibody against A/Swine strain in
those born between 1889 to 1917 compared with
the incidence in the younger age grouPs.

There were no significant differences between
the pre-and-post epidemic prevalence and. titres of
antibodies ,gri.,.t AtFMllt4T, A/PR/8/34 and A/
Swine/l976/31 lri.r'rt"t (P>0.01 ) as there were in
antibodies versus all the H2 strains. It appears there-
fore that infection with the Hongkong virus caused
anamnestic rises in andbodies to H2 antigens but
not to H1 or HO. This suggests that reinforcement
of antibodies with each succeeding epidemic (Daven-
port, 1953) may be limited to certain antigenic
"familics" of type A vrruses.

The peak inciden-ce of antibodils against A/
PR/8 was in group D (born in 1900-17). However,
the GMT in all the age groups were low (less than
1:10) as wcre the prevalence ratios.

Antibodies versus A/FMlll47 werc highest in
prevalence and titre in the adults and middle-aged
Lor., bet*""n 1918 to 1956, They were ininimal
in children and declined with age.

Since this laboratory was set up in 1953' it
has not detected, to any great extent, influenza
outbreaks due to the type B variant in Peninsular
Malaysia. A localised outbreak of type B influenza
was reported by Smith and Thomson (1956) to have
occurred in 1955 in a residential boys' school, the
Malay college in Kuala Kangsar (166 miles north of
Kuala Lumpur). This was the first time type B
influenza virus had been isolated in Malaysia
("Malaya" at that time). In May, 1955, a further
outbreak of type B influenza, confirmed by serology
alone, occurred in a Malay Regiment DePot at Port
Dickson (56 miles south of Kuala Lumpur). However,
on both occasions, the infection did ncit assume
epidcmic proportions.

The pre-Hongkong 'flu epidemic pattern of the
B/Mass antibodies (Fig. 2) shows a peak in incidence
\37Vo) in those born in 1900-17, but the GMT was
less than 1: 1.0 as in the other age grouPs.

After the Hongkong 'flu outbreak, however,
the mean titres of B/Mass antibodies increased in all
the age-groups excePt the youngest (Table 2). The
highest increase was in age group B' born in 1940-56,
in which the GMT rose from 6 to 12. As no HI
cross reactions were detected between the type B
and A2/HK variants (Table 1) nor are such reactions
to be expected, the only possible conclusion is that
type B vi.us had been active, in mild way, during
i".i"g th. A}IHK epidemic itself' This activity had
reinforced the low and sparsely-distributed type B
antibodies acquired during the mild and localised
outbreak in or about 1955. Here again, the youngest
age-group appeared to have been spared of the
infection.

SUMMARY

Of 725 Peninsular Malaysian sera tested for
influenza HI antibodies 372 were collected before
the Hongkong 'flu outbreak in 1968 and 350, after
the epidemic. Five age froups ranging from those
born it 1889 to those Lorn in 1968 were tested with
8 infl uenza type strains ; AJSwine/ 1 97613 1 (HSw1 N i )'
AJPR/8/34 (HoN1), AlFMlrl4TlHlN1), A/Singag*
porelll 57 (H2N2), AlTiwanlll64(H2N2)' A/Hong -

[ong/1/68 (H3N2), A/England/878/69 (H3N2) and
B/Massachuse tts I sl 66.

The A/Hongkong antibodies increased in
prevalence by lO-fold and in GMT, by 4-fold after
ihe epider.-ric and about SOVo of the population were
involved. Children aged 1 to 12 were comparatively
spared of the infection which appeared to have
aitacked mainly the young adult groups' The
reasons for this are not clear.

A similar conversion was observed with the
the closely related AlEn{69 antibodies.

Moderate rates of antobodies versus Hongkong
virus were detccted in children less than 10 years
old even before the 1968 outbreak. However, further
examination of these sera by the WHO International
Influenza Center for the Americas, USA., suggests
that these titres were due to N2 and not to H3
andbodies, thus ruling out the possibility that the
HK virus was circulating among the younger age

group prior to 1968'

Antibodies versus A/Taiwan and A/Singapore
viruses were increased by ly2 to 2-fold in an

22



anamnestic response to A/Hongkong virus. No
significant conversion was noted with antibodies
versus A/Swine, A/PR/8 and A/FM/I strains after
the epidemic.

An increase in incidence () 2-fold) and GMT
(lth-fold) was noted with B/Mass antibodies.

The antibody patterns in the elderly population
of Malaysia indicated that the country had been
affected by the ancient Asian (H2)pandemic of 1889-

90, the 1918-19 pandemic caused by the swine virus

and possibly also by the ancient Hongkong 'flu
strain presumed to have circulated around 1900 or

even prior to that.

Antibodies against A/PR/8 and A/FM/1 viruses

were most prominant in the adult and middle-aged

groups.

Evidence of mild type B activity during the
A/Hongkong epidemic itself was detected in the

boosting of type B antibodies, especially in the age

grorp bort during the recorded localised outbreak
in 1955.

ACKNOWLEDGEMENTS

The authors are deeply indebted to Prof. Sir
Charles Stuart-Harris of the Royal Hospital, Sheffield,
U.K., and Dr.W.R. Dowdle of the Center for Disease

Control (C.D.C.) Atlanta, Ga., U.S.A. for their valua-
ble advice and criticism. They are also grateful to
C.D.C. for the supply of the necessary reagents
employed in the study.

REFERENCES

DAVENPORT,F.M., HENNESSY,A.V. AND FRAN.
CIS, T., Jr.(1953). Epidemiologic and immino-
logic significance of age distribution ofantibody
to antigenic variants of influenza virus. J.
exper.Med., 98, 641.

DAVENPORT,F.M,, MINUSE,E., HENNESSY, A"V.

& FRANCIS, T.Jt', (1969). Interpretations of
influenza antibody Patterns of man' Bull'
Wld Hlth Org., 41. 453.

FRANCIS,T. Jr., (1940)' A new type of virus

from epidemic influenza Science, 92, 4O5.

FUKUMI,H. (1969). Interpretation of influenza
antibody patterns in man. Ex-isting and

significance of Hongkong autibody in old
piopl" prior to the Hongkong influenza
epidemic. Bull.Wld.Hlth'Org., 41, 469.

MARTNE, W.M. & WORKMAN, W.M. (1969)
Hongkong influenza immunologic revapitula-
tion. Amer.J.Epidem., 90. 406.

N4-A.SUREL, N., (1969). Serological characteristics

of a "new" serotype of influenza A virus:
the Hongkong strain. Bull.Wld.Hlth. Org',
42,46t.

PEREIRA,H,G. (1964). Antigenic varinats of
influenza 42 virus. Bull. Wld.Hlth Org.,
31, 129.

SMITH,C.E.G. & THOMSON, W.G. (1956) -An
outbreak of influenza due to type B virus in
a residential boys' school in Malaya, Med' J'
Malaya, 1O,332.

TAN, DORA S.K., DHILLON, G,S., MOHAMED
OMAR & EAPEN, J.S. (1971). An outbreak
of Hongkong influenza in a youth camp in
West Malaysia. Med.J. Malaya, 25,263.

23


