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SUMMARY. Forty nine of the 149 boys (33%) at a prepara-
tory school fell ill at the beginning of the autumn term 1986
with symptoms of influenza. One hundred and eighty two
of the 470 pupils (39%) in the senior part of the same school
had similar symptoms of influenza at the beginning of the
spring term 1987.
A new variant of influenza A HlNl virus was isolated from

both outbreaks and shown to be antigenically similar to
A/Taiwan/1/86. The attack rate among pupils who had
previously received trivalent influenza vaccine containing
A/Chile/1/83 HlNl antigen was not significantly different
from the rate among those who had never been vaccinated.
It is concluded that annual vaccination of all boarding school
pupils may be inappropriate.

Introduction
IN the general community attack rates during an influenza
epidemic are around 1lo and vaccine is estimated to give

70-80% protection.' Much higher attack rates are noted in
semi-closed communities such as boarding schools. However,
Hoskins and colleagues2 failed to find a significant protective
effect of yearly vaccination against influenza A H3N2 at a boar-
ding school over a period of five years. More recently influenza
A HINI viruses have re-emerged and two successive outbreaks
caused by an A/lbiwan/1/86 like virus in a school community
are reported here.

The school
iWo outbreaks of influenza occurred in a school in south east
England, one affecting the boys junior school in autumn 1986,

EL Tiare, MB, MRCPath, consultant microbiologist, Public Health
Laboratory, Chelmsford; JCL Rawes, MB, general practitioner, Dun-
mow; P Chakraverty, BSc, principal microbiologist, Virus Reference
Laboratory, Colindale, London; ND Noah, MB, FRCP, consultant
epidemiologist and D Webster, MB, senior registrar in community
medicine, Communicable Disease Surveillance Centre, Colindale, Lon-
don; T. Corcoran, research assistant, National Institute for Biological
Standards and Control, South Mimms, Herts; J Oxford, Bsc, PhD, pro-
fessor of virology, Department of Medical Microbiology, The London
Hospital Medical College, Whitechapel.
Submitted: 28 February 1989; accepted: 23 August 1989.
© British Journal of General Practice, 1990, 40, 10-12.

and the other affecting the senior school during the following
spring. The pupils at the senior school are mostly boys but there
are a few girls in the sixth form. Most of the pupils in the school
are boarders; all juniors are accommodated in one house and
all eat together. In the senior school, accommodation is divided
into nine houses and all meals are taken centrally except for
pupils in houses E and G which are two separate buildings some
distance from the school. While situated on adjacent sites, the
junior and senior schools are physically separated and there is
no sharing of classrooms or residential accommodation. Cer-
tain specialist teachers teach in both parts of the school and some
children in one section have siblings in the other. In 1986 the
annual vaccination was carried out on 18 and 19 September using
Influvac Sub-unit vaccine 0.5 ml (Duphar). The vaccine
contained antigens derived from A/Chile/1/83 HlNl, A/
Mississippi/1/85 H3N2 and B/Ann Arbor/1/86. This vaccine
conformed to the current World Health Organization
recommendations at the time of vaccination.3

First outbreak
The autumn term began on 16 September 1986 and the first boy
became unwell the following day with fever, sore throat,
headache, malaise, conjunctivitis and productive cough. This
boy had never been vaccinated against influenza and he had
recently been in contact with his uncle, who had just returned
from central Africa. At this time there were no reports of in-
fluenza A HINI in the United Kingdom although the virus
A/Taiwan/1/86 was prevalent in Asia and the southern
hemisphere.4 On 18 September two more boys became ill, and
the outbreak developed rapidly. By 29 September, 49 of the 149
junior boys had been affected, giving an overall attack rate of
33% (Figure 1). The main symptoms consisted of malaise, fever
(average temperature 101 °C, maximum 104 °C), dry cough and
mild sore throat and these settled in 72 hours on average (range
two to four days). There was no influenza-like illness in the senior
part of the school during this term.

Second outbreak
The spring term began on 6 January 1987 and the first pupil
reported ill on 12 January 1987. Between 6 and 12 January there
had been no visits away from the school, no home weekends
and no visiting parties to the school. None of the initial cases
gave any history of known contact with individuals suffering
from an influenza-like illness. Local general practitioners con-
firmed that there had been no evidence of influenza circulating
within the local community. During the course of this outbreak,
a total of 182 of the 470 pupils in the senior school reported
influenza-like symptoms, giving an overall attack rate of 39%
(Figure 2).

Investigations
Epidemiological
Dates of onset were analysed and vaccination histories obtained
for both outbreaks. In the second outbreak attack rates were
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Figure 1. Distribution of cases of influenza in the first outbreak.

analysed by sex, year of birth, class and house within the school.
The chi-squared test was used to compare rates.

Microbiological
Nose and throat swabs and, where possible, respiratory secre-
tions were obtained from 37 boys in the first outbreak; serum
was obtained from the first boy affected. Nose swabs were

obtained from 52 pupils in the second outbreak.
Swabs from viral transport media were inoculated into primary

baboon kidney cultures on the day of collection. Influenza A
virus was identified by immunofluorescence. All positive strains
and the serum sample were submitted to the Virus Reference
Laboratory at Colindale for typing and antibody determination.
Antigenic analysis of these viral strains was carried out by the
haemagglutination-inhibition test using post-infection ferret sera

and monoclonal antibodies to viral haemagglutinin, prepared
with currently circulating influenzaA viruses. The serum sample
was treated with receptor destroying enzyme and tested for
antibody to the currently circulating influenza A and B viruses
by the haemagglutination-inhibition method.
Ten representative viral isolates from the two outbreaks and

were analysed for their sensitivity to the antiviral agent
amantadine.

Results

Epidemiological
Both Figures 1 and 2 show similar patterns, though the second
outbreak lasted somewhat longer than the first. In the first out-
break there was a higher attack rate in the children who had
been vaccinated twice in the period 1985-86 (3907, 20/52) than
in those who had never been vaccinated (3107, 21/68). Similarly,
in the second outbreak, the more recent vaccination in the
autumn term of 1986 showed no protective effect - 39% attack

Figure 2. Distribution of cases of influenza in the second outbreak.

rate in tho5e vaccinated (151/387) and 377o in those not vac-

cinated (31/83). There was no statistically significant difference
between attack rates in the second outbreak when analysed by
sex, year of birth or class within the school. Between houses
however there were significant differences with an attack rate
ranging from 6207. in house H to 28%o in house E (chi-squared
= 24.7, P = 0.002).

Microbiological
Influenza A HlNl virus was isolated from 15 of the 37 boys
tested in the first outbreak (41%o), and 25 out of 52 pupils tested
in the second outbreak (4807). Nose swabs were positive for all
15 boys in the first outbreak from which the virus was isolated.
In eight of these cases the nose was the only site positive; one

boy also had a positive throat swab and six boys had positive
respiratory secretions.

Serological investigation indicated that the first boy to become
unwell had evidence of recent infection with influenza A HlNl;
this boy had never been vaccinated. The result of the
haemagglutination-inhibition test on his post-infection serum

sample showed that he had developed antibody to the new
variant A/Taiwan/1/86 HINI virus and no detectable antibody
to the earlier A/Chile/1/83 HINI virus which had been cir-
culating in the community during the previous winters. All the
influenza A viruses isolated were found to be antigenically
similar to A/Taiwan/1/86. Thus, the viruses from the two school
outbreaks all reacted in the haemagglutination test in a similar
manner with a monoclonal antibody prepared against the closely
related virus A/Singapore/6/86 HlNl (monoclonal antibody
number 65). However, the viruses failed to react serologically
with a monoclonal antibody prepared against a virus related to
A/Chile/1/83 (monoclonal antibody number 740). Analysis of
the haemagglutinin reactivity of the viruses with post-infection
ferret sera gave essentially identical results.
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All 10 viral isotations taken at different times during the two
outbreaks were inhibited in tissue culture by 50 Mg ml-' of
amantadine.

Discussion
Influenza A/lhiwan/1/86 HIN1 like variants were first identified
in April 1986 from outbreaks in Singapore, Kuala Lumpur and
Hong Kong and although serologically related to earlier HlNl
viruses, they showed considerable antigenic drift. From south
east Asia the new variants spread to New Zealand, Australia and
the northern hemisphere. In June 1986 a similar virus was
isolated from a 39 year old man who had been in contact with
a recent arrival from a country where influenza virus of this type
was known to be circulating. The first outbreak described in
this paper was the first evidence that this new virus strain was
circulating in the UK.

Since 1972 it had been the policy in the school to offer in-
fluenza vaccine annually to the children and since that time the
only notable outbreak occurred in 1978/79. Although the
children had been immunized in 1986 with the recommended
vaccine, no protective effect was noted in two successive out-
breaks of influenza. The first outbreak occurred too early for
the vaccine to afford protection, though interestingly those vac-
cinated a year earlier had slightly higher attack rates than those
who had never been vaccinated.

Analysis of the second outbreak showed that even the vac-
cine given three months earlier did not offer protection. This
vaccine contained A/Chile/1/83 as the HlNl component; genetic
analysis of the haemagglutinin of the A/Taiwan/1/86 variant,
which caused the outbreak, showed five amino acid substitu-
tions at the tip of the molecule, near an important antigenic
site.5 Genetic and accompanying antigenic variation in the
haemagglutinin molecule, so-called antigenic drift, has been
shown to compromise vaccination with H3N2 viruses, particular-
ly in school communities with a high attack rate2 and this study
has demonstrated a similar phenomenon with the HINI virus.
Moreover, since the precise amino acid sequence of the infec-
ting virus and the virus used in the vaccine are known we are
able to conclude that up to five amino acid changes at this
antigenic site of the haemagglutinin, may nullify the protection
expected with the vaccine. This emphasizes the importance of
continual updating of the viral components of influenza vaccine.
Of further epidemiological interest was the length of time that

elapsed between the first and second outbreaks at the two sites.
This demonstrates the vagaries of epidemic influenza and em-
phasizes the necessity for carefully controlled studies in such
school groups, always incprporating comparisons within a single
school. The significant difference in attack rates between houses
in the school, and not between classes, suggests that domestic
contact is of greater importance in the spread of infection than
contact in classrooms.

In an influenza outbreak in the USA among personnel on a
naval base in Florida,6 the attack rate in those who had receiv-
ed current vaccine containing the same strains as in the UK was
higher (37%7; 23/63) than in those who were not vaccinated
(33%; 11/33). Studies of influenza outbreaks in schools have
sometimes demonstrated a complex epidemiology,7 often in-
volving more than one antigenic variant or even concurrent
viruses of two subtypes.89 We therefore attempted virus isola-
tion throughout the two epidemics and not simply at the begin-
ning of each outbreak. Indeed, a detailed serological analysis
of representative viruses from the two outbreaks, using
monoclonal antibodies, indicated a very close antigenic similarity
in the haemagglutinin antigen. This was particularly surprising
since the outbreaks were separated by a period of two and a
half months. It should be noted, however, that the viruses
examiined were cultivated on the same cell type (MDCK), which
minimizes the antigenic variations otherwise noted.'0

This study raises again the issue of whether or not to vac-
cinate against influenza at boarding schools, and if so, how
often. Vaccination is a fairly expensive and time consuming pro-
cedure and there is some evidence to suggest that immuniza-
tion with influenza A H3N2 vaccine merely delays natural
infection.2 It might therefore be better to experience the in-
convenience of a natural infection at an early age, particularly
for the often milder HlNl virus, avoid annual vaccination and
gain more lasting immunity in the long term. Apart from those
at special risk because of pre-existing respiratory problems, vac-
cination could then be undertaken on a more selective basis, for
eample, among children sitting important examinations.

It has been suggested that the use of amantadine prophylaxis,
in a dosage that does not cause significant side effects, might
be useful in preventing influenza A in boarding schools." In
the two outbreaks described here there would have been time
to attempt attenuation of both outbreaks had amantadine been
distributed soon after the first cases occurred. To be effective
however, much organization would be necessary including
effective laboratory communication so that suitable specimens
could be obtained to provide rapid viral identification and sup-
plies of amantadine in large quantities. Davies and colleagues'2
used amantadine in boarding school pupils (100 mg per day for
15 days) to control an outbreak of influenza A H3N2. Of 859
pupils, 79% took amantadine and almost all of them completed
the course. While amantadine was being taken the number of
clinical cases was considerably fewer than that predicted on the
basis of previous outbreaks of influenza A. Ten influenza isolates
from the two outbreaks studied here were shown to be sensitive
to amantadine.

In conclusion, these results suggest that there may be disad-
vantages in annual vaccination of boarding school pupils against
influenza, except in special circumstances. The use of amantadine
in the early stages of an influenza A outbreak should be
re-examined.
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