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Experience with Hong Kong Influenza
in Tropical Areas*

E. L. BUESCHER," T. J. SMITH2 & I. H. ZACHARY:3

Following the introduction ofA2/Hong Kong/68 influenza virus into 2 different susceptible
populations residing in Thailand and the Panama Canal Zone, epidemic disease occurred
within approximately I month. The establishment and transmission of the virus, and the
disease it caused, were studied in detail. The rates of progression and extent of overt
epidemic disease and the proportions of overt to subclinical infection in the 2 areas were
different. In Korat Royal Thai Air Force Base, only 8 % of US servicemen became ill,
although 13 % of them were infected. The epidemic progressed slowly, so that no more
than 1.5 % of the population were ill at any one time during the 3 months of its recog-
nized presence. In contrast, in the Canal Zone the clinical attack rate approached 50 %,
and subclinical infection occurred in 5 % or less of the population during a 6-week period
when absenteeism from schools and work was quite obvious. Factors such as immun-
ization status ofthe populations and virulence ofvirus seemed not to be primarily responsible
for the differences. Rather, the latter appear to be related to differences in environmental
circumstances, with crowding contributing to the higher disease incidence in the Canal Zone.

The data show that this variant A2 virus may produce different epidemiological patterns
of disease in tropical areas, similar to those observed in temperate zones.

THE POPULATIONS STUDIED

Approximately 6200 US military personnel,
unaccompanied by families, were resident in the
Royal Thai Air Force Base, Korat, Thailand, in
August 1968. This base is 729 ft (222 m) above sea
level at 15°N latitude, 150 miles (240 km) north-east
of Bangkok. The climate is tropical. Men are
billeted in well ventilated tropical barracks, or in
smaller detached buildings of similar construction.
Approximately 100 ft2 (9.3 M2) of living space is
available for each man. There is little contact be-
tween men of different military units because of their
duties and of long, often irregular duty hours.

* The data on which this paper is based are taken, by kind
permission of the authors, from Zachary & Johnson (1969)
and from an unpublished report on the outbreak in Korat
Royal Thai Air Force Base by T. J. Smith, L. C. Olson,
G. E. Kandel & R. Snitbhan.
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munology, Walter Reed Army Institute of Research, Walter
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' Chief, Department of Virology, US Army Component,
SEATO Medical Research Project, Bangkok, Thailand.
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Central recreational facilities are available for off-
duty activities, and contact with the residents of
Korat city is not extensive. Medical care is provided
by a single dispensary, which military personnel
customarily make full use of; in practice, most men
with febrile disease regularly report for diagnosis and
treatment.

The second study was made in the communities
of Paraiso and Pedro Miguel, 7 miles (11 km) from
Balboa, Panama Canal Zone (9°N latitude). The
population of each is about 1700, mostly English-
speaking Negroes of West Indian ancestry. Housing
varies from 1- and 2-family units to older 12-family
wooden buildings; the number of rooms ranges from
1 in bachelor quarters to 4 or 5 for larger families.
Crowding is common since family size is large,
averaging 6 individuals per household. The schools,
commissary, social club, post office, and health
centre serving both communities are located in
Paraiso. The schools follow the Panamanian aca-
demic schedule and are in session from May, the
beginning of the rainy season, until January, the
beginning of the dry season. The health centre at
Paraiso treats only minor medical problems; persons
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with more serious illnesses are referred to Gorgas
Hospital for out-patient care or hospitalization.

DESIGN OF STUDIES

Hong Kong influenza virus was introduced into
the US military population of Korat Royal Thai Air
Force Base during late July and early August, and
into the Canal Zone in mid- to late September 1968.
Once disease was recognized in the Korat population,
efforts were made to identify it as influenza by
recovering virus from diseased persons, to study the
course of the epidemic by identifying new cases daily,
and finally, as the epidemic waned, to estimate the
extent of total infection by serological survey.

Families at Paraiso-Pedro Miguel in the Canal
Zone were studied retrospectively for influenza-like
illness occurring between 1 September and 31 October
1968. Clinic records were reviewed; 63 families in
the community were selected at random from the
655 households of more than 1 person and members
were examined for signs and symptoms of influenza.
The entire population of the 2 communities was

also divided into 8 age-groups on the basis of 1968
census lists. From each age-group, 25 individuals
were randomly selected and were requested by mail
and telephone to appear at the health centre to give
blood samples. Children under 3 years of age were
not included in the survey. On 20 and 21 November
1968, blood specimens were obtained from 167
individuals, representing 83.5% of those originally
selected. At the time of bleeding, each individual was
questioned concerning respiratory illnesses occurring
between 1 September and 20 November 1968.

Laboratory techniques
Pharyngeal secretions from selected patients were

inoculated into primary or secondary rhesus monkey
kidney cell cultures after treatment with antibiotics;
cultures were maintained with Eagle's Basal Medium,
incubated for 3-5 days at 35°C-37°C, and tested by
the method of Shelokov, Vogel & Chi (1958) for
haemadsorption with guinea-pig red cells. Recovered
agents were identified as A2/Hong Kong/1968 virus
by haemagglutination inhibition (HI) and/or neutral-
ization (N) tests, using antisera prepared in fowl to
strains of virus recovered in Hong Kong. Acute and
convalescent sera were tested for HI and/or N anti-
body by conventional methods (Jensen, 1961;
Weinberger, Buescher & Edwards, 1965). Similar
tests were used to survey test populations for post-
epidemic serum antibodies to the Hong Kong virus.

THE EPIDEMICS

During the first 2 weeks in August physicians at the
Korat Royal .Thai Air Force Base (RTAFB) saw
several patients with undifferentiated febrile disease
which, viewed in retrospect, was probably influenza.
During the third week, however, cases occurred with
increasing frequency, and by 25 August 10-20 new
cases were being recorded each day (see the accom-
panying figure). During this early period, many of

APPARENT HONG KONG INFLUENZA BASED
ON CLINIC VISITS, KORAT RTAFB
AND PARAISO-PEDRO MIGUEL, 1968
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the patients were flight personnel or other individuals
based at Korat RTAFB who had just returned from
other parts of Asia where influenza was already
recognized as epidemic; it appears probable that the
virus was introduced to the base population by these
flight crews. The peak incidence of disease was
reached during the first week in September, when
150 new cases were seen. Thereafter, the epidemic
gradually declined, and by the end of the month only
1-3 new cases were being seen each day. By 31 Octo-
ber, the epidemic of overt disease appeared to be
ended. Between 1 August and 31 October, 496 men
had influenza of sufficient severity to require relief
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from duty; this was 8% of the US population at the
base.

In the Canal Zone, isolated cases of influenza were
observed during the third week of September 1968.
Within the next 2 weeks, disease prevalence increased,
and by the week of 30 September attendance at
hospital clinics had doubled, with the increase due
almost exclusively to acute respiratory disease.
Similar experience was reported by several other
dispensaries and community health centres, and
absenteeism in Canal Zone schools increased
strikingly. The epidemic appeared to have run its
course by the end of October, although sporadic
disease was seen for another month. The experience
at the Paraiso-Pedro Miguel dispensary is illustrated
in the bottom half of the figure, which confirms that
peak numbers ofpatients were seen during the middle
weeks of October.

Because medical treatment centres in the Canal
Zone are not uniformly accessible to or used by the
resident population, the true incidence of overt
disease there was more difficult to determine than at
Korat RTAFB, where febrile persons regularly
present themselves for treatment. However, there
are several reasons to believe that the clinical attack
rates (see the figure) in the Canal Zone and at
Paraiso-Pedro Miguel were considerably higher than
those at Korat RTAFB, despite recorded data.
First, 28 of 57 laboratory workers in the Middle
America Research Unit, Balboa Heights, Canal Zone,
developed acute upper respiratory illnesses between
1 September and 30 October 1968 and approximately
half of these showed HI antibody increases when
earlier banked sera were compared with those
obtained in November. Second, a history of disease
during the same period was readily elicited from
persons surveyed in November from Paraiso-Pedro
Miguel (Table 1). Of 516 persons queried in Novem-
ber, 235 (46 %) reported a distinct respiratory illness.
The attack rates appeared to be higher (67%) in
pre-school children, and were lower in teen-aged
children (38 %) than in the other age-groups. Thus,
clinical disease in the Canal Zone appeared to be of
higher incidence than at Korat.

It appears likely that influenza virus was introduced
into the Canal Zone by crews of ships coming from
the Far East. A review of ship traffic showed that,
between 15 July and 31 August 1968, 13 ships arrived
in the Canal Zone after having departed from Hong
Kong less than 4 weeks previously. Between 1 and
20 September 1968, 56 ships arrived from various
areas of the Far East. Several of these ships had

TABLE 1

CLINICAL ATTACK RATE OF INFLUENZA-LIKE ILLNESS,
PARAISO AND PEDRO MIGUEL, C.Z., SEPTEMBER-

OCTOBER 1968

Age- Number No. with history Proportion with
group surveyed of influenza-like positive history
(years) illness (%

3-5 27 18 67

6-12 84 44 52

13-19 111 42 38

20-29 84 34 41

30-39 33 14 42

40-49 74 35 47

50-59 68 31 46

60 35 17 49

visited more than one of the areas experiencing
influenza epidemics. Although most ships were only
in transit in the Canal, some docked in the Zone,
and crew members mingled with the inhabitants.
However, even in a transit of the Canal at least 30
employees involved in getting the ship through the
Canal have sufficiently close contact with crews to be
infected.

Influenza viruses recovered from many patients in
each of the 2 epidemics were shown ultimately to be
indistinguishable from the prototype A2/Hong
Kong/1/68 virus, and the majority of patients studied
showed significant increases in either HI or N anti-
body or both in the 30-day interval following onset
of illness. In both epidemics, disease was relatively
mild; for example, at Korat RTAFB, patients regu-
larly experienced fever of 101°F-103°F (38.3°C-
39.4°C), cough, and myalgia for only a short period;
although the duration of illness varied from 1 to
14 days, the mean was 3.8 days, and the mean lost
duty time was 2.6 days. There were no significant
sequelae. In the Canal Zone, disease similarly was
mild, and without obvious sequelae.

INAPPARENT INFECTION

Representative samples of persons residing in both
Korat RTAFB and Paraiso-Pedro Miguel were bled
in November, and serum samples were tested for
antibodies to the recently infecting influenza virus.
Since the epidemics reached their peak in early
September at Korat and in October at Paraiso-Pedro
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TABLE 2
MINIMUM POST-EPIDEMIC INFECTION RATES, KORAT RTAFB AND PARAISO-PEDRO

MIGUEL, NOVEMBER 1968

Korat RTAFB a Paraiso-Pedro Miguel b
History No. of No. with Proportion with No. of No. with Proportion with

men antibody influenza (%) men antibody influenza (%)

Symptomatic

Hospitalized 10 4 40.0

Clinic visit 18 4 22.2

Subtotal 28 8 28.5 50±3 c - 42.0

Asymptomatic 129 12 9.3 36±3 c - 5.0

Total ] 157 J 20 12.6 86 40 47.0

a The patients were airmen aged 18-35 years. Neutralizing antibody titres >1: 50 were con-
sidered positive; the symptoms were determined from hospital records.

b The patients were indigenous persons aged 13-49 years. Hi antibody titres >1 :32 were
considered positive; the symptoms were determined by retrospective inquiry.

c Estimated from histories obtained retrospectively.

Miguel, the serum samples were obtained 2 months
after peak disease in Thailand and 1 month after the
epidemic in the Canal Zone. Since N antibody
persists in high titre (> 1:50/0.1 ml) longer than HI
antibody, N test results from the Korat survey were
compared with HI test data from Paraiso-Pedro
Miguel (Table 2). By these objective (though perhaps
insensitive) criteria, evidence of recent infection with
Hong Kong virus was found in at least 29% of US
personnel with overt illness at Korat RTAFB and in
9.30% of those who were asymptomatic during the
epidemic. The over-all prevalence of N antibody
detectable in a 1: 50 dilution of serum obtained from
these men was approximately 13 00. In contrast, the
prevalence of HI antibody was higher in the Paraiso-
Pedro Miguel population sample. At least 42% of
persons with a history of illness showed an HI anti-
body titre of 1 :32 or greater, and 50% of those
without a history of illness were infected. The over-all
prevalence of infection as indicated by serological
survey of this population was 47 %.
The estimates of infection frequency at Korat

RTAFB based on N test results are in all probability
the minimum values for that epidemic because of the
type of N test that was used; many other persons
might also have shown specific N antibody at titres of
less than 1: 50. On the otherhand, estimates ofinfection
frequency at Paraiso-Pedro Miguel based upon HI
test data are probably very close to the actual values,
since HI antibody to Hong Kong virus at a titre of

1:32 or greater was found only rarely in sera obtained
in Panama before the appearance of this virus in
1968. It therefore seems highly likely that a greater
proportion of persons was affected by epidemic
dissemination of this virus in the Canal Zone than
in Korat RTAFB.

Effect of immunization
The effect ofearlier immunization could be assessed

only at Korat RTAFB. US military personnel there
had received at least 1 influenza immunization prior
to the epidemic with standard military polyvalent
A and B vaccine. The vaccine used in 1968 contained
400 CCA units of A2/Taiwan/1/64 antigen in a total
dose of 1000 CCA units. The number of immuniza-
tions varied with the length of military service, some
older men having received as many as 12 annual
inoculations. Routine influenza immunization was
carried out on the base in May 1968, when an effort
was made to immunize all personnel; in August,
when influenza became apparent, another programme
was instituted to immunize those individuals who had
not received vaccine in May. As a result, 236 (83 %)
of 285 men whose records were examined had been
vaccinated in 1968, all but 16 after I May. The mean
duration of symptoms was 3.8 days in 49 men not
recently immunized, resulting in an average loss of
2.8 duty days. Analysis of complete influenza
immunization histories of 77 men showed no correla-
tion between the number of prior immunizations and
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the severity of illness. The apparent lack of effect of
prior vaccination is illustrated by the observation
that 18 of the 77 men had received 7 or more doses of
vaccine during the preceding 10 years; these 18 men
lost an average of 3.4 duty days because of illness,
compared with an average loss of 2.6 days for the
entire study group.

DISCUSSION

The epidemiological patterns of Hong Kong
influenza in these 2 outbreaks are quite obviously
different. In US personnel in Thailand, disease was
recognized in late July shortly after its identification
in Hong Kong, and at a time when major epidemics
were occurring in the Philippines, Taiwan, and
Singapore. Following its introduction by returning
flight crews in late July, the virus was not rapidly
disseminated until over 5 weeks later, when in late
August a sharp increase in overt disease occurred.
Ultimately 8% of the population experienced
incapacitating illness, but new cases appeared at a
rate such that not more than 1.5% of the population
was indisposed at any given time. Not only were
attack rates low, but serological survey after the epi-
demic showed that not more than 13% of the total
study population was infected. However, the same
virus was introduced into the Canal Zone some time
during August. After 4-8 weeks, a similar increase
in new cases occurred, but the clinical attack rate
approached 50%, 4-5 times the rate seen in Thailand.

This high rate was confirmed by serological survey.
On the other hand, the proportion of individuals
experiencing subclinical infection was greater in the
Thailand base (approximately 9%, Table 2) than in
the Canal Zone (5 %).

It seems unlikely that these differences in clinical
attack rates are explained by " virulence " of the
virus, since other epidemics in Asia and the Americas
following dissemination of the Hong Kong virus were
discrete, large, and well recognized. While earlier
immunization might conceivably have influenced the
extent of the Korat epidemic, the facts that the over-
all incidence of infection was low and that disease
severity was comparable in both immunized and
unimmunized persons suggest that this was not the
critical factor. It appears, therefore, that the disper-
sion of men at Korat RTAFB-i.e., their relative
isolation from each other and from schoolchildren-
might have limited transmission of the virus. This
theory cannot be fully proved, nor will it ever be
possible in a population such as that at Korat RTAFB
to have the appropriate controls to substantiate this
assessment. However, corresponding environments
might be found in other biologically similar popula-
tions elsewhere in the world, which would permit
assessment of transmission rates as influenced by the
degree of isolation of the subjects. These should be
sought and utilized in future studies in order to
evaluate the effectiveness of environmental control as
a means of modifying future epidemics.
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