
INFLUENZA 1

Influenza in families
THE ROYAL COLLEGE OF GENERAL PRACTITIONERS
THE PUBLIC HEALTH LABORATORY SERVICE
Preliminary report based on the winter of 1973/74.the first year's study.

T^HE level of antibody against the surface antigens
-¦* of the influenza virus possessed by members of the
population is undoubtedly an important factor in
determining the severity of epidemics (Pereira et al.,
1969). A greater knowledge of the degree of resistance
against natural challenge given by such antibody and
of cross-immunity to related antigenic variants of the
virus should help in understanding the epidemiology of
influenza and could lead to improved forecasting of
epidemics. A study of these points requires the regular
serological surveillance of a group of people living
normally in the community who are under suitable
clinical observation, and for whom viral diagnostic
facilities are available. It therefore needs the collabora¬
tion of suitable volunteers, clinicians, health workers,
and laboratory staff. Such a study in volunteer families
was started in October 1973 by a working group* from
the Royal College of General Praetitioners (RCGP) and
the Public Health Laboratory Service (PHLS), after a

successful feasibility study conducted during the winter
of 1972/73. The general praetitioners recruited
volunteers who agreed to provide a blood sample twice
a year for influenza serology, and to have all episodes
of acute febrile and respiratory illness documented and
investigated virologically whenever they occurred
throughout the year. The laboratory work was carried
out by 27 participating PHLS laboratories.1 The
results of the study are expected to help the evaluation
of the relationship between serological measures of
immunity and the clinical severity of influenza caused
by different variants as they naturally appear, and also
to allow estimates to be made of the clinical and sub¬
clinical attack rate and severity of influenza in families
in successive outbreaks.

This paper gives some of the findings from the first
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winter period of the 1973/74 study year (October to
March inclusive) during which time there was a small
influenza outbreak in Britain.

Method

Participants
Family doctors were recruited to the study by the
Royal College of General Praetitioners, and virologists
from the Public Health Laboratory Service were

invited to participate. Each family doctor arranged to
collaborate with the nearest participating PHLS virus
laboratory. In each laboratory area a general practi¬
tioner was appointed as a local convener, and an annual
meeting of these doctors is held to discuss the progress
of the study. Periodic progress reports are given to

general praetitioners and virologists, and reports in a

more simplified form are sent to the volunteers.

Procedure
Each family doctor recruited between two and five
families in which those aged 15 years or over agreed to

provide a blood sample (10 ml) in October and April
each year. These samples are delivered to the collaborat-
ing laboratory and the separated sera stored at -20°C
until titrated in pairs for their content of antibodies
against current influenza A and B viruses, using anti¬
gens provided by the PHLS Standards Laboratory,
Colindale. Two millilitres of each serum sample is sent
to the PHLS Virus Reference Laboratory, Colindale,
where it is stored and used for checking doubtful results
and is available for further study.
The volunteers agreed to consult their doctors for all

non-specific febrile and acute respiratory infections
throughout the year.including the summer months.
For each illness basic clinical observations are recorded
by the doctor, and a nose and throat swab is taken for
virus culture and delivered in transport medium to the
nearest collaborating laboratory. A monthly enquiry is
also made, by the doctor or his staff, to record illnesses
for which the volunteer patients may have failed to visit
or call their doctor.
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Serological tests

The antihaemagglutinin antibodies in the paired sera
were tested by haemagglutination-inhibition (Pereira et
al., 1964) against the A/Hong Kong/1/68, A/England/
42/72, and A/England/929/73 strains of influenza
virus; the latter strain is antigenically equivalent to the
A/Port Chalmers/1/73 virus prevalent in Britain in the
1974/75 winter. In addition, haemagglutination-inhibi¬
tion (HAI) antibodies to influenza B were titrated
against B/England/21/68, B/Hong Kong/5/72 and
B/England/847/73. The B/England/68 virus represen¬
ted strains prevalent before 1972; the B/Hong Kong/72
virus represented new strains that replaced the earlier
strains in 1972; the B/England/73 virus represented
intermediate strains that circulated in Britain in
1973/74.

Serological conversion implies a four-fold or greater
rise in HAI titre, or a rise in titre from <10 to 20 or

greater. In calculating geometric mean titres (GMT),
titres of< 10 were taken to be five.

Co-ordination and analysis
The study was co-ordinated jointly by the Epidemio-
logical Research Laboratory (ERL) of the PHLS and by
the Epidemic Observation Unit of the RCGP. All
returns were sent from family doctors and laboratories
to the ERL for recording and analysis.
Results

Participants
A total of 325 volunteers in 123 families were under
close surveillance in the period 1973/74. The ages of the
volunteers ranged from 15 to 86 years (Table 1) and the
study group included families with different numbers of
children, as well as childless families (Table 2). The
occupation of the 'heads' of the families (Table 3)
indicated that unskilled workers were poorly
represented.

Antibody distribution before and after winter
(October 1973 to Aprill 974)
a) Influenza A. Only a small increase was observed in
the HAI antibody titres of the study population during
the winter (Table 4).
A total of 37 of the volunteers (11 per cent) had a

four-fold or greater increase in HAI antibodies to one

or combination of the influenza A antigens tested
(Table 5).

b) Influenza B. The serological findings suggest that
the study population also had very little influenza B
infection (Table 6), only 30 (9 per cent of the volunteers)
having a four-fold or greater HA response (Table 7). An
additional seven volunteers had a four-fold or greater
CFT response in the absence of an HA antibody change.

Age and serological conversion
The proportion of volunteers with serological evidence

of influenza infection varied only slightly between the
age groups (Table 8). Influenza B was more common in
those under 45 years of age than in older volunteers, but
the differences were not statistically significant.

Serological response to the different influenza
strains

a) Influenza A. The HAI antibody response to
influenza A infection tended to be greater to the virus
strain that had been prevalent in the previous winter
than to the strain prevalent in the winter under study.
Tables 4 and 5 show that, of 37 volunteers who had a

four-fold or greater HAI response, 29 (78 per cent)
responded to the A/England/42/72 antigen, compared
with only 16 (43 per cent) to A/Hong Kong/1/68, and
21 (57 per cent) to A/England/929/73. Almost all the
influenza A strains isolated in England and Wales in the
winter were similar to A/England/929/73 (Pereira,
1975). The three volunteers responding only to A/Hong
Kong/1/68 all had a pre-winter HAI antibody titre
against that strain of 1/40 or greater.
Of the 21 volunteers who had a four-fold or greater

antibody rise to the A/England/929/73 strain, only five
responded only to that strain. The remaining 16
responded also to A/England/42/72, and 11 cases to
A/Hong Kong/1/68. In only four of these volunteers
was the response to A/England/929/73 greater than to
the other strains; in the majority the response was great¬
est to A/England/42/72 (seven) or to A/Hong Kong/
1/68 (four).

b) Influenza B. The sera were tested against the older
influenza B strains, represented by B/England/21/68,
against the new B/Hong Kong/5/72 strain, and against
a representative of the strains intermediate between
these two.B/England/847/73, which had been respon¬
sible for most of the influenza B during the 1973/74
winter in Britain.
The results given in Tables 6 and 7 show that of the 30

volunteers who had a four-fold or greater rise of
influenza B antibody, 23 (77 per cent) responded to the
intermediate B strain (B/England/847/73), of whom 13
(57 per cent) responded to only this strain. A serological
response to the older B strain (B/England/21/68) was

observed in 12 (40 per cent) participants of whom five
responded to that antigen only, and three of these had
no pre-existing antibody to it. One participant
responded only to the new B/Hong Kong/5/72 strain;
he possessed serum HAI antibody at a titre of ten to the
antigen at the beginning of the winter, and at 40 after
the winter, but had no detectable antibody to the other
two strains in either of his specimens of sera.

HAI conversion and pre-existing immunity
a) Influenza A. The proportion of volunteers with an

HAI titre of 40 or greater before the winter is shown in
Table 9 for the 37 who had a serological response,
together with that for all the volunteers. A titre of 40
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Number of children under
15 years of age in family
Number of families

Table 3. Occupation of heads of families.

Table 4. Antibody distribution to influenza A before and after winter.

Number with HAI titre Number with
serological

Time <10 10 20 40 80 160 320 6401280 2560 Total CMT conversion

78 33 57 60 46 34 14

67 48 53 64 40 33 12

A/England/42/72 Pre-
winter 140 43 43 31 25 22 12
Post-
winter 129 43 40 37 32 18 14 10

A/England/929/73 Pre-
winter 248 25 19 12 7 4 7
Post-
winter 229 29 23 16 8 8 7

16

29

21

Table 5. Number of subjects with serological conversion to influenza A antigen.

A/HK/1/68 A/England/42/72 A/England/929/73 A/HK/1/68 A/England/42/72 A/HK/T/68
only only only+ + +

A/England/42/72 A/England/929/73 A/England/42/72
+

A/England/929/73
5 2 5 1111
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Table 6. Antibody distribution to influenza B before and after winter.

Number with HA titre Numberwith
serological

Antigen Time <10 10 20 40 80 160 320 64012802560 Total CMT conversion
B/England/21/68 Pre- /

B/England/21/68 B/HK/5/72 B/England/847/73 B/England/21/68 B/HK/5/72 B/England/21/68
only only only +++

B/England/847/73 B/England/847/73 B/HK/5/72
+

B/England/847/73
5 1 13 3 4 4

Table 8. Serological conversion by age group.

Age group
15-44
45-64
65+
Total

Number
211
91
23

325

Number with serological
conversion to:

Influenza A Influenza B

25(12)
.10(71)

2 (9)
37(11)

23(11)
6 (7)
1 (4)
30 (9)

was chosen because there is evidence that it is frequently
associated with protection against infection (Hobson et
al., 1972).

It is clear from the results in Table 9 that an HAI anti¬
body titre of 40 did not necessarily prevent infection as
indicated by serological response. A/England/929/73
antibody did not appear to offer better protection
against homologous infection than A/England/42/72
antibody, but there is some evidence that A/Hong Kong
antibody was less protective.

b) Influenza B. Table 10 shows the number of
volunteers with HAI antibody at a titre of 40 or greater,
both for all volunteers and the 30 who had an HAI
response to influenza B. The possession of antibody at a

titre of 40 or more did not preclude serological con¬

version. Those who seroconverted to each of the
antigens, including the old B/England/21/68 strain,
had a lower distribution of antibody titres than those
who did not, but the difference was not statistically
significant.
Recorded acute
febrile illness

respiratory and nonspecific

During the six-month winter observation period 115 (35
per cent) of the 325 volunteers had at least one acute
respiratory or non-specific febrile illness for which they
consulted their doctor for swabs to be taken and clinical
details to be recorded. Twenty-two volunteers had two
such illnesses, and seven had three, making a total of
151 illnesses investigated from the beginning of October
1973 to the end of April 1974.a rate of 49 per cent.
This compares with approximately 23 per cent from the
RCGP morbidity records (RCGP categories 240 to 247,
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Table 9. Serological conversion to any of the influenza A antigens in relation to a pre-winter
HA antibody titre of 40.

Pre-winter HA antibody titre

*Sero-conversion to any of the three influenza antigens.

Table 10. Serological conversion to influenza B antigens in relation to a pre-winter HA antibody
titre of 40.

Pre-winter HAI antibody titre

*Sero-conversion to any of the three influenza antigens.

251, 256, 261 and 267; personal communication). The
higher rate recorded in the present study is attributed to
the fact that the volunteers were asked to report to their
doctors even with minor illnesses.
An additional check on the occurrence of minor ill¬

ness was provided by the monthly enquiry made to each
family. Only an additional 42 illnesses in 38 volunteers
came to light, suggesting that the volunteers largely
complied with the request that they reported to their
doctors with every significant illness. These were added

to the total giving a figure of 193 illnesses, a rate of 62
per cent during the six-month winter period.
Volunteers with illness in which influenza virus
was isolated
From nine volunteers an influenza A virus was isolated
from swabs collected in an acute illness; seven were

typed and all resembled the A/England/929/73 strain.
Two of these nine volunteers (cases 7 and 8) showed no

HAI serological response to influenza A in the pre-
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Table 11. Antibody distribution before and after winter in participants with influenza virus isolations.

A/England/929/73
Pre-winter Post-winter

<10
<10
<10
<10
<10
<10
40
20
10

20
40
20
10

160
80
20
20
40

A/England/42/72 A/HK/1/68
Pre-winter Post-winter Pre-winter Post-winter

<10
<10
<I0
<10
<10
20
40

160
320

10
320
80
80
640
640
40
80

320

<I0
<10
<10
10
80
40
40

160
<10

10
160
40

<10
640
40
10
160
10

Table 12. Investigated illnesses.

Average number of days in bed

Average duration of illness

Average number of symptoms
(first and other)

Number of cases

Illness with
isolation of
an influenza

virus
2.9

9.6

4

9

Illness without isolation
of influenza virus, but

with serological
conversion in pre-winter
and post-winter samples

1.1

6.7

2.9

24

Illness without isolation
of influenza virus, and
without serological

conversion
0.5

6.4

2.7

92

winter and post-winter sera (Table 11); these results
were confirmed by examining the twin sera at Colindale.
The possibility was considered that the patients with

no HAI rise might have had an illness too near the time
of the second blood sample for an HAI response to have
developed, but their illnesses were in January; the
second blood sample was taken in April.

The severity of the illness. It is difficult to measure
the severity of an illness. For the purposes of this study
it was decided to use the number of days confined to bed
and also the duration of the illness.
Three of the nine volunteers from whom an influenza

virus was isolated were not confined to bed; two of the
three had no rise in HAI antibodies.

Features of the investigated illnesses in which an

influenza virus was isolated may be compared with
other investigated illnesses (Table 12).
The illnesses in which an influenza virus was isolated

lasted longer, required more bed rest, and gave rise to
more symptoms than illnesses in which the virus swabs
were negative on culture. In the negative 'culture

patients, the illnesses were slightly more severe when the
pre-winter and post-winter sera showed a four-fold or

greater rise in HAI antibody than when there wasjio
such rise.

Illness and pre-existing immunity
a) Influenza A. Influenza A virus was isolated from
nine ill patients (Table 11) and in seven the strain was

typed and proved to resemble A/England/929/73. The
pre-winter antibody titres to this strain were less than
ten in cases 1 to 6; three of these patients (cases 1, 2, 3)
also had no antibodies to the other two influenza A
strains, while in cases 4 to 6 antibody was present to
either one or both of these strains.
The remaining three patients did have pre-winter anti¬

body to the infecting strain. In cases 7 and 8, the
patients did not go to bed and they had pre-winter
A/England/929/73 antibody titres of 40 and 20 respect-
ively, as well as raised titres to the other two'strains. In
case 9 the patient was ill in bed for three days and had
an A/England/929/73 antibody titre of only ten and no

antibody to A/Hong Kong/1/68.
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b) Influenza B. From none of the ill patients was an

influenza B virus isolated.

Infection and children in families
The number of volunteers with influenza and other ill¬
nesses is shown in Table 13 according to the number of
children in families.

There was no evidence that clinical illness from which
influenza A virus could be isolated was more common

in families with children. It may be seen, however, that
the frequency of acute respiratory and non-specific
febrile illness was commonest in adults in families with
children. The findings also suggest that serological con¬

version to influenza B was commoner in families with
one to two children than in those with none, although
the numbers were small.

The attack rateof clinical influenza
The attack rate of clinical influenza, especially in the
absence of an epidemic, is difficult to estimate. There
were nine volunteers who had an illness in which an

influenza virus was isolated, in all cases the .virus was

influenza A.this would indicate a rate of influenza A
of 2*8 per cent and of influenza B of 0 per cent.
However, influenza virus isolation is not always success¬

ful in clinical influenza and a more accurate figure may
be given by adding the 16 volunteers who had an illness
without a virus being isolated but who nevertheless had
serological evidence (HAI or CFT) of infection during
the winter. This gives a rate of eight per cent influenza A
and 5-5 per cent influenza B. These estimates could,
however, be too high because some of the clinical ill¬
nesses reported may not have been influenza.their
serological conversion may have been due to sub¬
clinical infection. There were 11 volunteers with an

illness causing them to rest in bed and who also had
serological and/or virological evidence of influenza A.
On this basis the attack rate of influenza A was 3 . 4 per
cent, and of influenza B 1-5 per cent; these estimates
may be closer to the true figures.

Conclusions
Epidemiological studies on communicable diseases may

often be made with the help of volunteer families.
Families are representative of the community, the
members are in close contact with one another, and the
family can be observed continuously by the doctor. A
number of successful family-based studies have
therefore been reported (Brimblecombe et al., 1958;
Fox, 1974). In the present study a fairly stable
population has been established, which must reflect the
general praetitioners' care in choosing families likely to
stay in the study. Unskilled workers' families are,
unfortunately, not well represented (Table 3). Each
family doctor looked after a small number of families
(two to five) so that a close relationship was built up
between doctor and volunteers. All the 325 volunteers
allowed two samples of blood to be taken in the first
year of study, and we believe that very few, if any,
significant illnesses have escaped being reported.

Nevertheless, trivial illnesses are unlikely to have been
recorded since other studies in which families have
been questioned about the presence of symptoms
suggest that there may be as many as two to four minor
upper respiratory illnesses per person in six months,
rather than the figure of 0-5 recorded in the present
study (Horder and Horder, 1954; Brimblecombe et
al., 1958; Sutton, 1961).
The serological findings are interesting and complex.

They show that the incidence of influenza infection,
both clinical and sub-clinical, was only 11 per cent for
influenza A and nine per cent for influenza B.in spite
of the study population being highly susceptible to both
viruses; only ten per cent had an HA antibody titre of 40
or more to the prevalent influenza A strain before the
winter, and only 15 per cent to the influenza B strain.
The HAI antibody response to influenza A infection

tended to be greater to the previous sub-type
(A/England/42/72) of the A/Hong Kong (H3N2) virus
in volunteers who had the corresponding pre-existing
antibodies. In three of the 35 volunteers with an HAI
response to influenza A, the increase in antibodies was

confined to the A/Hong Kong/1/68 strain. In sero-

logicaj surveys such cases would be missed if only the
latest of the series of antigens was used. This 'paradox-
ical' antibody response has recently been described both
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in animals and man (Virelizier et al., 1974; Laver et al.,
1976). In the case of influenza B, response to the
previous distantly related virus was also seen, but it was
a less frequent occurrence than in the case of influenza A.
An influenza A virus was isolated in only nine of the

volunteers and in the seven which were typed all were
similar to the A/England/847/73 strain, but in two of
these no HAI antibody rise was detected on examination
of the pre- and post-winter sera. The possibility was
considered that the participants with no rise in HAI
antibody might have had an illness too near the April
bleed for an HAI response to have had time to develop,
but their illnesses were in January. HAI conversion,
therefore, may not be a completely reliable guide to the
incidence of influenza in the general population.
The attack rate of clinical influenza is difficult to

measure accurately. In the present study the participants
were asked to report even trivial respiratory and non-
specific febrile illnesses to their doctor, so that some
cases of influenza would be seen which in the ordinary
course of events might have been missed; illnesses
recorded only on monthly enquiry cards would certainly
fall into this category. A reasonably close estimate
might be based on those illnesses which caused confine-
ment to bed for at least one day, provided also that an
influenza virus was isolated during the acute illness, or
serological conversion occurred between the pre-winter
and post-winter sampling. On this basis the attack rate
of clinical influenza A was 3 i4 per cent and that of
influenza B 1 5 per cent.
A main aim of this family project is to study the rela-

tionship between serum antibodies against influenza
virus antigens and resistance to infection with new
strains of virus. Information on this aspect of the study
from the first year's figures is limited because only nine
cases of influenza occurred from which a virus was
isolated during the acute illness. However, the presence
of pre-existing homologous antibodies did not necess-
arily prevent infection. Antibody against A/England/
929/73 virus did not appear to be more protective
against natural infection with homologous virus than
antibody against the variant that had been prevalent in
the previous year-A/England/42/72-but A/Hong
Kong/ 1/68 antibody may have been less protective.
The study of the clinical pattern of the influenza

illness, although recorded on the clinical record cards,
will not be significant until more cases appear as the
survey progresses. The family pattern of illness, also, is
expected to emerge more clearly as the study proceeds.
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Pinsent, E. Hope-Simpson, G. 1. Watson, W. 0. Williams
(Chairman).
Public Health Laboratory Service: W. B. Fletcher, P. G. Mann,
M. S. Pereira, J. W. G. Smith.
Advisers: Professor G. Belyavin, Sir Charles Stuart Harris and
Professor D. L. Miller.
Study Secretaries: Mrs B. Dunhill, Epidemiological Research
Laboratory; Mrs J. Mant, Epidemic Observation Unit.
Joint Recorders: Dr J. W. G. Smith and Dr W. 0. Williams.
General Practitioners: G. H. Anderson, C. Barker, D. H. Broughton,
J. M. Cane, J. H. Carlton, G. W. Clark, H. J. P. Davies,
A. M. Deall, J. Dupere, R. W. Edmonds, A. J. B. Edwards,
D. B. Evans, J. G. Eyers, A. D. Fox, I. C. Fuller, M. Goodman,
S. and R. Griffiths, C. B. Hall, C. H. Stewart-Hess, G. H.
Hubbard, A. John, M. Johnson, H. and M. Kidd, R. L. King,
H. Lacey, W. H. McBay, A. J. Mayes, A. Melhuish, I. J. Mungall,
J. H. Owen, R. B. Parker, D. Parry, D. Petchey, L. A. Pike, B. K.
Rogers, G. Robertson, J. V. Salinsky, M. Schapira, E. Serhan,
D. B. Shaw, M. G. Sheldon, K. Southgate, R. Steel, E. Tansley,
C. Thomas, K. 0. Warner, G. 1. Watson, R. Simpson-White,
W. 0. Williams.

Clinical trials and
non-therapeutic procedures

These pose very special problems with respect to con-
sent. In the case of adults a form of consent should be
drawn up based upon the special features of the trial,
experiment, or procedure in question, and especial care
is required in explaining the purpose and effects to the
volunteer. The practitioner concerned is urged to seek
any necessary guidance and assistance from his
colleagues, his> ethical committee, his professional
association or college, and from his protection society.
In the case of a therapeutic trial a parent or guardian
can consent on his child's behalf, but for non-
therapeutic investigations or procedures it is open to
considerable legal and ethical debate whether a parent
or guardian can give a valid consent on behalf of the
child. The doctor should seek appropriate advice.
Reference

The Medical Protection Society (1976). Annual Report, 84, 29-30.
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