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Lung Cancer and Bronchitis-in Northern Ireland, 1960-2
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This paper summarizes the results of a retrospective epidemio-
logical study of men and women who died of lung cancer or
bronchitis during the years 1960-2 in Northern Ireland. The
purpose of the study was to obtain information about the extent
of the associations with lung cancer and bronchitis of smoking
habits, area of residence, occupation, social class, month of
birth, morning cough three or more years before death, illnesses
during the last 10 years of life, and the incidence of cancer and
bronchitis among parents, brothers, or sisters of those who died
from lung cancer or bronchitis. Northern Ireland was chosen
as the area to be studied, since the objective was to cover so far
as was possible all the men and women aged 35 or more who
had died of lung cancer or bronchitis during a recent period
in a moderately large area of the United Kingdom. In this
study 93% coverage was obtained.

Through the courtesy of the Registrar-General a list was
obtained, for confidential use in the investigation, of all
Northern Ireland residents aged 35 years or more who were
recorded in the Register of Deaths as having died of lung cancer
ar bronchitis in Northern Ireland during 1960, 1961, and 1962.
For each of these subjects a “ control ” was selected, who was
the next person in the Register of Deaths of the same sex in the
same five-year age group, who last resided in the same type
of area, and who died of a non-respiratory illness. Personal
interviews were then sought with the relatives of all those on
the lists by trained women interviewers of the Health Surveys
Unit of AGB Research Ltd. during January-July 1964. During
1960-2 873 male and 167 female residents aged 35 or more
had died of lung cancer, and 1,262 males and 630 females

* Senior Physician, Eastern Cape Provincial Hospital, Port Elizabeth,
South Africa.

had died of bronchitis, in Northern Ireland. Including con-
trols, this gave a total of 5,864 interviews to be carried out.

For the purposes of the present study Northern Ireland was
divided into six areas, consisting of Inner Belfast, Outer Belfast,
environs of Belfast, urban districts, small towns, and truly
rural districts. Inner Belfast was the central part of Belfast
County Borough containing approximately half of the County
Borough’s population: this area had already been defined in
work carried out by the Department of Social and Preventive
Medicine of the Queen’s University of Belfast. Outer Belfast
comprised the remainder of Belfast C.B. The Census Office
had already coded lung cancer and bronchitis deaths by these
areas. The environs of Belfast comprised Newtownabbey
Urban District plus the townlands of Castlereagh, Hillsborough,
and Lisburn Rural Districts. Urban districts consisted of
Londonderry C.B., all Municipal Boroughs, and all urban
districts except Newtownabbey U.D. Small towns consisted of
19 towns and villages containing 50 or more houses, having no
legally defined boundaries, and with a population of at least
1,000. Truly rural districts were the remainder of Northern
Ireland. The population in each type of area is given in
Tables IV and V.

The results of the interviews were summarized by the Health
Surveys Unit of AGB Research. Most of the tables in this
paper were calculated by this unit and are taken from a detailed
report on the results of the survey (Wicken, 1966). The
comments in the present paper and the organization and plan-
ning of the study are, of course, my personal responsibility.

The lung cancer and bronchitis mortality rates among adults
(male and female) aged 35 or more in Northern Ireland during
the years 1960-2 are given in Table I.
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TaBLE I.—Lung Cancer and Bronchitis Mortality Rates per 100,000 per
g;ar in Northern Ireland, 1960-2, Among Men and Women Aged
+

Lung Cancer Bronchitis
Males .. .. . 100 144
Females .. .. 17 63

Table II gives the standardized mortality ratios for lung
cancer and bronchitis. In this table the number of deaths
observed in Northern Ireland is expressed as a percentage of
the number which would have occurred if the death rates from
lung cancer and bronchitis for England and Wales at each
age had applied to the population of Northern Ireland.

TaBLE 11.—Standardized Mortality Ratios for Lung Cancer and Bronchitis
in Northern Ireland, 1960-2, Among Men and Women Aged 35+

Mal SME Mal SME
es .. . ser €S . .o
Lung cancer{ Femaes” 11 oo | Bromehits{Remaes 11 1l 101

The male and female lung cancer mortality rates and the
male bronchitis mortality rate in Northern Ireland were sub-
stantially below the corresponding rates for England and Wales.
Rather surprisingly, however, the female bronchitis mortality
rate was virtually the same as that for England and Wales. As
is shown below, there is a definite association between cigarette-
smoking and bronchitis mortality, and as women in England
smoked cigarettes to a greater extent than did women in
Northern Ireland, it might have been expected that the female
bronchitis mortality rate would have been significantly lower
in Northern Ireland than in England and Wales, as was found
for men. If there had been some factor peculiar to the climate
or air pollution of Northern Ireland that had contributed to
female bronchitis mortality, the same factor might have been
expected to contribute also to male bronchitis mortality. On
the other hand, an occupational factor—for example, byssinosis,
which leads to chronic bronchitis and emphysema—affecting
women much more than men could explain the statistical evi-
dence. Elwood et al. (1965) found ‘“a strong association
between exposure to flax dust and byssinosis ” in the flax-mills
of Northern Ireland and a “marked association” between
byssinosis and bronchitis. More women than men aged 35
or more were employed in the flax-mills.

An objection to comparisons between the figures for Northern
Ireland and the corresponding figures for England and Wales
might be that the mortality rates of the two areas are not com-
parable, since the average standard of diagnosis in Northern
Ireland, so far as lung cancer and bronchitis are concerned,
may have differed from the average standard of diagnosis in
England and Wales. It is, however, unlikely that there was a
significant difference between the standards of diagnosis of lung
cancer and bronchitis in the two countries. The National
Health Service operates in both areas, and there are no parts of
Northern Ireland where access to National Health Service
facilities is particularly difficult.

Smoking Habits

In prder to calculate lung cancer and bronchitis mortality
rates it was necessary to ascertain not only the numbers who
had died from these diseases in the different residential and
smoking groups but also the numbers of living men and women
who were non-smokers and of each type and level of smoking.
Accordingly a survey of smoking habits was carried out. In
each of the six areas one member of 1,500 households, which
had been selected at random, was interviewed and asked about
his or her smoking habits and those of other members of the
household aged 35 or over. Information about the smoking
habits of 12,307 people was thus obtained directly or at second
hand in 8,171 interviews. Information was obtained only in
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broad categories—for example, whether a person smoked, and
whether the number of cigarettes smoked per day was 1-10,
11-22, or 23 or more. Ex-smokers were combined with current
smokers in the tables given in this paper, except in Table IX,
and the effect of this on the mortality rates is considered later.
The distribution of the population between different smoking
habits for the six areas was fairly consistent. The largest
differences were between the figures for Inner Belfast and truly
rural districts. The figures for these two areas and Northern
Ireland as a whole, with comparable figures for Great Britain,
are given in Table IIL

TasLE 111.—Smoking Habit Distribution of Men and Women Aged 35+
in Certain Areas of Northern Ireland and Great Britain in 1964

Men . Women
Truly Truly

Inner N. Inner N.

Bel. |Rual| e | G.B. | Bel- |Rul| fre. | G.R.

fgst tricts l%nd (%) fgst tricts laand (%)

(%) %) (%) (%) %) (%)
Non-smokers B 15 27 22 12 70 85 75 53
Snéo_kers of’ ol

rettes only:

13";-10 per day .. 22 18 21 18 19 10 16 24
11-22 ,, 5 .. 31 22 28 26 8 4 7 18
23+ é, .. 16 8 11 22 3 1 2 5

Cigarettes and pipe
gigars .. pp“ 7 6 7 11 * * . e
Pipe/cigars only .. 10 20 12 11 — . . *

* Less than 0-5%.

From these figures and the results of interviews with relatives
of lung cancer andvbronchitis subjects, it is possible to calculate
lung cancer and bronchitis mortality rates. One possible
qualification of these rates should be borne in mind. Todd
and Laws (1959) and Todd (1966) have examined the degree
of accuracy with which a smoker can be expected to report
his own past smoking habits. In the present study, however,
widows and other relatives were asked about the smoking
habits of their husbands and other relatives who had died up
to four and a half years previously. Some examinations of
the accuracy of statements made by a widow about a deceased
husband’s smoking habits have been made by Stocks (1958),
Haenszel et al. (1962), and Todd (1966). The broad conclu-
sion from their work seems to be that statements by widows
have approximately the same order of accuracy (or inaccuracy)
as earlier statements by subjects themselves.

The present study may, nevertheless, be open to a special
source of inaccuracy. It is conceivable that the knowledge that
a husband had died of a disease that is known to be associated
with smoking may have led a widow to overstate the amount
that her husband had smoked. If this had happened it would
not have been detected in the present study. On the other
hand, since it is much less likely that such a widow would have
reported her husband to have been a smoker when he had
really been a non-smoker, it is reasonable to expect the total
number of smokers to have been accurately reported even if
the number of heavy smokers had been overstated and the
number of light smokers understated. If this latter type of
error did in fact happen it would mean that the mortality rates
of heavy smokers given in Tables IV-VII and IX would be
overstated and those for light smokers understated.

Area of Residence

The lung cancer mortality rates in the six different types of
area of Northern Ireland analysed by smoking habits are given
in Tables IV and V. The rates shown for each area have been
standardized to the age distribution of Northern Ireland in order
to eliminate variation due to differences in the age structure of
the areas.

The usual feature of a lung cancer mortality rate increasing
from non-smokers to heavy cigarette smokers is to be seen in
Tables IV and V in each type of district for both men and
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women, apart from four small anomalies in the female figures
possibly due to smallness of numbers. A few exceptionally high
mortality rates for smokers of 23 or more cigarettes a day—
for example, 772 for men in small towns and 716 in environs
of Belfast—may be due to an error of overstatement of the
smoking levels of lung cancer subjects relatively to controls.
Even so, the trend is clear.

In general it can also be reasonably concluded that there is
a rural/urban contrast in the lung cancer mortality rates for
non-smokers and for smokers of each type and level for both
men and women in Northern Ireland. The rural/urban contrast
in mortality rates is of course very much less than the cigarette-
smoking gradient, and there are more inconsistencies in the
rural/urban contrast, especially in areas of moderate urbaniza-
tion. The numbers in these areas on which the rates are based
were, however, relatively small, and this probably accounts for
the anomalous figures.

The corresponding age-standardized bronchitis mortality
rates for men in each category of smoking habits in the six
areas of Northern Ireland are given in Table VI.

Cigarette-smoking and Bronchitis

An association between cigarette-smoking and bronchitis has
been sufficiently established to require no further comment. The
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evidence is reviewed, for example, in the reports of the Royal
College of Physicians (1962) and the U.S. Surgeon General’s
Advisory Committee (1964). Perhaps one of the main out-
standing questions is whether bronchitis is more frequent among
heavy than light cigarette smokers or whether bronchitis is
related only to the practice of smoking cigarettes, regardless of
the amount smoked. No evidence was found, in several
morbidity studies, of a substantial increase in the incidence of
bronchitis with the amount smoked. Ogilvie and Newell (1957)
found no association between the number of cigarettes smoked,
either currently or in the past, and bronchitis, “the fact of
smoking cigarettes at all being the relevant factor.” In several
studies (Higgins, 1959 ; Higgins et al., 1959) there appeared to
be an increasing incidence of the earlier symptoms of bron-
chitis as the amount smoked increased, but in the later stages
of the disease the differences in incidence between light and
heavy cigarette smokers were relatively small.  Fletcher and
Tinker (1961) offered two possible explanations of this pheno-
menon. Using a different approach, Glynn (1961) reached a
slightly different conclusion: “ Within the bronchitis group of
biopsies the degree of mucous change was not related to the
use of tobacco or the presence of infection but depended on
the duration of the disease.”

On the other hand, Doll and Hill (1964) found that the death-
rate from both “ chronic bronchitis ” and “ chronic bronchitis
as associated cause” increased very clearly with the number

TABLE IV.—Age-standardized Lung Cancer Mortality Rates per 100,000 per Year of Men (Aged 35+) in Various Smoking-habit
and Area Groups in Northern Ireland

Inner OQuter Urban Small Environs Truly Rural Northern
Belfast Belfast Districts Towns of Belfast Districts Ireland
Non-smokers . 36 (6, 40 (10 21 (7 —_ 16 (1 10 (9 18 (33
Past and present smokers of: ® a0 ™ 1) 9 (33)
Cigarettes only:

1-10 per day 138 (37) 140 (25 121 33) 71 (3) 60 (6) 25 (12) 87 (116)
11-22 ,, 288 (90) 207 (43 171 260 (9) 192 (16) 74 (46) 168 261;
23+ . .. 509 (75) 430 (53) 515 60 772 (11) 716 (13) 173 (403 383 (252

Cngarettes ‘and plpelmgm .. 124 515) 156 (13) 81 (10) 134 (2 204 §6) 48 (11 94 (5
Pipe/cigars only 73 (18) 62 (11) 57 (17) 13(1 65 (3) 28 (31) 41 (81
‘Total population (1961) (thousands) 43-7 40-8 59-8 6:6 199 121-4 2923

Figures in parentheses in this and the following tables show the number of deaths on which the rates are based.

TABLE V.—Age-standardized Lung Cancer Mortality Rates per 100,000 per Year of Women (aged 35 +) in Various Smoking-habit

and Area Groups in Northern Ireland

| |
Inner Outer | Urban ‘ Small Environs Truly Rural ! Northern
Belfast Belfast l Districts { Towns of Belfast Districts | Ireland
Non-smokers .. 16 (23) 11 (12) 12 (17) 15 (3) 10 (4) 9 (29) 11 (88)
Past 1m::d present smokers of cxga.rettes
only:

1-10 per day 33 (6) 13 gs) 27 5) 73 51) 50 (2) 11 (2) 25 (19;
11-22 ,, ,, .. 172 (4) 101 (6) 73 (1) — 56 (7) 74 (25
23+ 5 5 .. .. .. 78 (5) 155 (3) 615 5) — — 40 (5. 210 (18)

Total population (1961) (thousands) 54-8 52-8 78 217 120-7 334-
TABLE VI.—Age-standardized Bronchitis Mortality Rates per 100,000 per Year of Men (aged 35+) in Various Smoking-habit and
Area Groups in Northern Ireland
Inner Outer Urban Small Environs Truly Rural Northern
Belfast Belfast Districts Towns of Belfast Districts I Ireland
Non-smokers .. 216 (38) 81 (20) 44 (16) — 68 (5) 42 (45) ‘ 64 (124)
Pazg and prescnlt smokers of:
lgarettes only:
1-10 per day 411 (107) 315 (56) 152 (41) — 191 ?3) 63 (28) 189 EZB;
11-22 ,, 327 ?OO) 333 (63) 242 $62) 363 (11) 2717 (16) 93 48; 220 (300
G 23+ Fe / fgg (gs; 222 §2§g :;'gg g; 161 (2) 554 (5) lgg (%g) 2% ég?)
igarettes an pipe, cxgars 0. 128 (1 —_ —
Pipe/cigars only .. 339 (80) 186 (40) 148 247) 126 (7) 110 (7) 67 (108) 118 (289)

TABLE VIL—Age-standardized Bronchitis Mortality Rates per 100,000 per Year of Women (aged 35+) in Various Smoking-habit and
Area Groups in Northern Ireland

| |
| Inner Outer Urban Small i Environs Truly Rural ! Northern
\ Belfast Belfast Districts Towns | of Belfast Districts : Ireland
Non-smokers .. 116 (162) 68 (81) 57 (104) 39 (5) 48 (15) ' 34 (123) ‘ 58 (490)
Past and present smokers of cigarettes :
1-10 per day .. 112 (19) 125 (13, 72 (12) — 39 (3) 46 (10) 77 (57)
11-22 ,, . 323 57) 260 (5;) 126 $5) — _ 48 (3) 118 (20)
23+ 5 e . . 53 (3) 63 (1 407 (9) 355 (1) — 40 (1) 201 (15)
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of cigarettes smoked. Wicken and Buck (1964) found the same
trend in bronchitis mortality in Eston U.D., to a less extent
in Stockton M.B., but not in four rural districts. In the
Northern Ireland study (Table VI) there was an increasing
mortality rate from bronchitis as the number of cigarettes
smoked increased in urban districts, environs of Belfast, and
truly rural districts, but not in Belfast itself. It is possible
that in cities the contribution to bronchitis of factors related to
urbanization can mask the contribution of differences in the
levels of cigarette smoking.

In the Northern Ireland study non-smokers in Inner Belfast
had a higher bronchitis mortality rate than cigarette smokers in
truly rural districts, but it would be unwise to deduce too much
from this. Table VII shows the age-standardized bronchitis
mortality rates for women.

Lung Cancer and Bronchitis in Non-smokers and
Ex-smokers

One of the questions it was possible to answer from the
results of the Northern Ireland inquiry was, “ Taking non-
smokers only, how do their mortality rates from lung cancer
and bronchitis, respectively, vary from rural to urban districts?”
The relevant figures are given in Table VIII. As will be seen,
lung cancer and bronchitis mortality rates for non-smoking
men were three to four times as high in Belfast as in rural
areas. The picture, however, is not one of complete con-
sistency. Some of the figures for areas of intermediate urban-
ization do not fall exactly into place. But these are also areas
of very small numbers, and this may account for the incon-
sistencies. Apart from these figures, there is clearly, even among
non-smokers, a rural/urban contrast in both lung cancer and
bronchitis mortality rates of men and women in Northern
Ireland.

TABLE VIIL.—Age-standardized Lung Cancer and Bronchitis Moriality
Rates per 100,000 per Year Among Non-smokers (Aged 35+) in
Northern Ireland 1960-2

Lung Cancer Bronchitis
Males Females Males Females
Inner Belfast 36 EG) 16 (23) 216 (38) 116 (162)
ter .. .. 40 (10) 11 (12) 81 (20, 68 (81)
Total ,, .. 38 (16) 14 (35 137 258 94 (243)
Urban districts . . . 21(7) 12 (1 44 (16) 57 (104)
Small towns .. .. — 15 §3) — 39 (5)
Environs of Belfast .. 16 (1) 10 (4) 68 55) 48 515)
Truly rural districts 9 (29) 42 (45) 34 (123)
N. Ireland (average) 18 (33) 11 (88) 64 (124) 58 (490)

In Tables III-VIII ex-smokers were classified according to
their former smoking habits, so that non-smokers were those
reported as never having been smokers. In Table IX the lung
cancer and bronchitis mortality rates for men aged 35 and over
in Northern Ireland are analysed separately for those who had
given up smoking some time before their final illness and those
who had continued to smoke up until the time of their death.

TABLE IX.—Age-standardized Lung Cancer and Bronchit's Mortality
Rates per 100,000 per Year Among Ex-smokers and Continuing
Smokers (Aged 35+) in Northern Ireland, 1960-2

Lung Cancer Bronchitis
All male ex-smokers (35 +) 91 (98) 172 (194)
Ex-smokers who had ceased smokmg for
L_,ff; than 4 years .. lég (g 181 (79)
years .. .. .. . 272 (43
10 years or more 66 §32 128 372;
Ex-smokers who previously "smoked:
Cigarettes only:
1-10 per day .. .. .. 102 521) 310 (69)
pa e onon e | R
Other forms of tobacco . 33 (12) 78 (29)
All male continuing smokers (35 +) .. 130 5669) 169 (870)
Continuing smciken who smoked:
rettes only:
1-10 per day .. .. .. 83 595) 164 (176)
pEny Gl T omey ) e
Other forms of tobacco 61 (128) 126 (322)
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The lung cancer mortality rate among ex-smokers declined
with the passage of time after smoking ceased and was slightly
greater among those who had previously been relatively heavy
smokers of cigarettes only. The death rate from bronchitis did
not decline consistently with the passage of time after smoking
ceased, and was apparently inversely related to the number of
cigarettes previously smoked. This latter trend is unexpected
in view of the positive association, among continuing smokers
and the combination of both continuing and ex-smokers, be-
tween the bronchitis mortality rate and the number of cigarettes
smoked. It might be explained, however, on the hypothesis
that some heavy smokers with chronic bronchitis first reduced
their consumption of cigarettes and only later ceased smoking,
with the result that, after their death, they were classified as
light smokers. The inclusion of ex-smokers in Tables IV and
VI has had the effect of reducing the overall male mortality
rates from lung cancer and bronchitis in Northern Ireland
for only the highest levels of cigarette smoking. Thus if ex-
smokers had not been included in these tables the lung cancer
mortality rate for men smoking 23 or more cigarettes a day in
Northern Ireland would have been 568 per 100,000 per year
instead of 383 per 100,000 per year (Table IV), and the corre-
sponding figure for bronchitis mortality would have been 418
instead of 284 (Table VI).

Non-smokers in Rural Areas

One of the important questions that have been asked in rela-
tion to mortality from lung cancer and bronchitis is: “ What is
the death rate from lung cancer and bronchitis in the absence
of both smoking and urbanization ? ” Table X summarizes
the estimates of the lung cancer and bronchitis mortality rates
of non-smokers in rural areas that are available from inquiries
carried out in the United Kingdom.

TaBLE X.—Lung Cancer and Bronchitis Morality Rates of Non-smokers
per 100,000 per Year Estimated in U.K. Inquiries

Area Covered, etc. Lung Cancer Bronchitis

Truly rural districts N. Ireland, men aged 35+

age-standardized rate, 1960-2 (Table VIII) . 10 (9) 42 (45)
Rural areas, U.K., male doctors aged 35 ¥ .

standardized rate Nov. 1951-Oct. 1961 (Doll

and Hill, 1964) . 12 (1)
{\Ie:sey men aged 35 + 1952-61 (Dean, 19653) 18 (2)

orth Wales seaboard men aged 35-74, standard-

ized rate 1952-5 (Stocks, 1958) 22 (5)
Four rural districts, N. Riding of Yorkshu'e, men

aged 35+ standardized rate 1952-62 (Wicken

and Buck, 1964) 29 (5) 31(7)
Guernsey, Alderney, and’ Sark, ‘men aged 35+

1952-61 (Dean, 1965a) . 33 (4)

The figures in Table X have almost certainly been standard-
ized on different bases, and for other reasons the figures are
not strictly comparable. Further, although the Channel Islands
are not industrialized, it may not be wholly accurate to regard
them as rural areas. Even with these limitations on com-
parability, the figures in Table X show more variation than
might have been expected, possibly as a result of the smallness
of the numbers on which the rates are based. According to
the present study, however, the lung cancer mortality rate for
non-smokers in truly rural districts of Northern Ireland was
10 deaths per 100,000 per year for men and 9 deaths per
100,000 per year for women. The corresponding mortality
rates for bronchitis were 42 for men and 34 for women.

It is of particular interest that the lung cancer mortality rate
for male non-smokers in the truly rural districts of Northern
Ireland—that is, in the presumed absence of all air pollution—
should be as low as 10 deaths per 100,000 per year. In a study
of lung cancer in South Africa (Dean, 1961) the lowest lung
cancer death-rate encountered was the rate for male non-
smokers aged 45-64 who had been born in South Africa, who
lived in rural districts, and who were non-smokers. Their
lung cancer mortality rate was 8 deaths per 100,000 per year.
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However, the age groups covered by the South African study—
namely, 45-64—differed from those covered in the Northern
Ireland study (35+); but, putting the present study on the
same basis, there were only four male non-smokers aged 45-64
who lived in the truly rural districts of Northern Ireland and
who died of lung cancer in the period 1960-2. This number of
deaths is equivalent to a rate of 9 per 100,000 per year for
men aged 45-64. The lung cancer mortality rate of male non-
smokers in truly rural districts of Northern Ireland was there-
fore practically the same as the South African figure for locally
born men, despite the great differences between the climates of
the two areas. The Northern Ireland rate was also not very
different from the rate of 14 found by Mills (1960) for male
non-smokers aged 40-69 in rural Ohio in 1947-55.

If the male lung cancer mortality rate in the United Kingdom
may be taken, in the absence of smoking and air pollution and
other contributions by urbanization, as being about 10 deaths
per 100,000 per year, then the higher mortality rates than this
found for rural non-smokers in other surveys quoted in Table X
suggest that air pollution may have had a more widespread
effect, or that urban dwellers had moved to rural areas to a
greater extent, than had been previously appreciated, even
though the smallness of the numbers involved may also have
contributed to some of the unexpectedly high figures.

It has been argued—for example, Doll (1953, 1963)—that,
in the absence of smoking, an urban factor makes little or no
significant contribution to lung cancer. Sufficient figures are
now available for non-smokers to show that both the lung
cancer and bronchitis mortality rates of non-smokers are signi-
ficantly higher in urban than in rural areas.

Social Class

In the Northern Ireland inquiry the possible association of
lung cancer mortality and bronchitis mortality with four other
factors was examined. These factors were social class (as
represented by occupation), other chest illnesses, morning cough
three years or more prior to death, and frequency among rela-

TaBLE XI.—Lung Cancer and Bronchitis Mortality Rates per 100,000
per Year Among Men (Aged 35+) in Various Social Class Groups
in Northern Ireland, 1960-2

Social Class l Lung Cancer Bronchitis
Professional and intermediate occupations .. 75 (144) 98 (221)
Skilled occupations . 121 (362) 154 (434)
Partly skilled and unskilled’ occupatlons 114 (285) 199 (534)

tives of deaths from cancer or bronchitis. The association of
male lung cancer and bronchitis mortality rates with social
class is shown in Table XI.

There are significant social class differences in the incidence
of both lung cancer and bronchitis in men. A social class
gradient in male lung cancer mortality rates in all or parts of
England and Wales has also been found by the Registrar-
General of England and Wales (1958) and by Wicken and
Buck (1964). A social class gradient in mortality or morbidity
from bronchitis in the U.K. has been found by Edwards et al.
(1959), the Registrar-General (1958), the College of General
Practitioners (1961), Buck and Brown (1964), and Wicken and
Buck (1964). None of these figures was standardized for differ-
ences between social classes in smoking habits, but the absence
of this standardization is unlikely to have affected the conclu-
sions reached. Todd (private communication) has stated that
the higher lung cancer mortality rates in the lower social classes
“can hardly be attributed to differences in smoking habits.”
He added that the contrast between the cigarette consumption
per head and lung cancer mortality of the different social classes
was accentuated “ if smoke intake per puff is considered, rather
than just the number of cigarettes smoked, since the cigarettes
smoked by the professional classes, on account of the greater
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cross-section of these cigarettes, yield about 20% more smoke
per puff than those smoked frequently by the unskilled classes.”

Previous Chest Illness

It is natural to suspect that there may have been difficulties
in obtaining information about past chest illnesses on a com-
parable basis in respect of people who died from a chest disease
and those who died from other causes. Widows or relatives
of the former may be more likely to be “chest-disease con-
scious.” In view of this possibility the differences in the inci-
dence of other chest illnesses between subjects and controls
shown in Table XII would seem to be relatively minor.

TaBLE XIl.—Incidence of Other Chest llinesses Among Lung Cancer and
Bronchitis Subjects and Controls in Northern Ireland

Men Women
Subjects | Controls | Subjects | Controks
(%) (%) (%) | (%)
LungCancer
Bronchitis . . 8 4 9 4
Pneumonia 7 2 3 3
Pleurisy . .. 4 2 5 —
Tuberculosis of lung .. 1 1 1 1
Unspecified chest/lung trouble .. 1 2 3 1
) Bronchitis

Pneumonia 4 2 4 2
Tuberculosis of Iung 2 . 1 -
Pleurisy .. . 2 1 2 2
Bronchitis .. — 2 — 1
Unspecified chat/lung trouble .. 1 1 1 1

* Less than 05 %,.

Morning Cough

Table XIII shows that, by the lung cancer and bronchitis
ages (if the population represented by the controls may be so
described), about one-third of the men and one-sixth of the
women in Northern Ireland had had a morning cough three
years or more before death. But it is among those with a
morning cough that those who die of lung cancer or bronchitis
are particularly to be found. As Table XIII also shows, 68%
of the men who died from lung cancer and 77 % of those who
died from chronic bronchitis had had a morning cough three
years or more before death. Moreover, the lung cancer subjects
included a higher percentage with morning cough three years
or more before death than the controls at all levels of smoking,
and even among the non-smokers, in both sexes. The figures
are shown in Table XIV.

It might be argued that most lung cancer and bronchitis
subjects probably had a morning cough at death, and that many

TABLE XIII.—Morntng Cough Three Years or More Before Death in
Relation to Lung Cancer and Bronchitls in Northern Ireland

Lung Cancer Bronchitis
Subjects | Controls | Subjects | Controls
(%) (%) (%) (%)
Males .. .. .. .. 68 35 77 32
Females .. .. .. .. 47 17 59 16

TaBLE XIV.—Incidence of Morning Cough Three Years or More Before
Death Among Lung Cancer Subjects and Controls in Northemn
Ireland Analysed by Smoking Habits

! Male Lung Cancer Female Lung Cancer

Subjects | Controls | Subjects | Controls
(%) (%) (%) (%)
Non-smokers . o . 21 15 35 13

Smokers of c1garettcs o y

1-10 per day .. .. 60 25 58 36
11-22 ,, 5 .. .. .. 72 49 64 27
23 + 83 63 67 40
Smokers of cxgaxettcs and plp'el p © . _
Smo ers of plpelagars only .. 46 19 — —_
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widows might have erroneously extended the duration of the
cough back for three years when asked about it at the interview.
But this interpretation of the data seems rather unlikely for
the following reasons:

(a) It is improbable that those interviewed would have misunder-
stood the question about cough.

(b) Table XIII shows that many relatives, even of the bronchitis
subjects, all or most of whom were likely to have had a cough of
long duration up to the time of their death, did not report that
the subject had had a morning cough three or more years pre-
viously. This suggests in fact a tendency to under-report rather
than over-report the existence of a prolonged morning cough prior
to death.

(¢) The proportions of lung cancer subjects who had a morning
cough (Table XIV) showed a consistent increase with the amount
smoked. The figures would perhaps have been less likely %0 show
this if they had been subject to random errors arising from the
personality characteristics of the person interviewed.

The figures in Table XV give the lung cancer mortality
rates per 100,000 per year for those who three years before
death were non-coughers and morning coughers, respectively,
for men and women.

TABLE XV.—Age-standardized Lung Cancer Mortality Rates per 100,000
per Year of Men and Women Aged 35+ in Northern Ireland, 1960-2

Men Women
Non- Morning Non- Morning
coughers Coughers coughers | Coughers
Non-smokers 17 (26) 33 (7) 8 (57) 31 (31)
Snéomrkers of: o
ettes only:
1-10 per day 42 (46; 196 (70) 14 (8) 45 Ell)
11-22°,, 78 (73 235 (188) | 26 (9) 138 (16)
+  » .. ooy 174 (43) 471 (209) 96 (6) 378 (12)
Cigarettes and pipe/cigars .. 55 (19) 166 (38)
Pipe/cigars only .. .. 30 (44) 85 (37)

The figures in Table XV suggest that men and women in
Northern Ireland who have had a morning cough for at least
three years have two to five times the lung cancer mortality
rates of non-coughers. This is in approximate agreement with
two sets of figures from the U.S.A. In the Philadelphia Pul-
monary Neoplasm Research Project (Boucot et al., 1961, 1966)
it was found that the percentage who developed proved primary
lung cancer was twice as great among smokers who had had a
“ cough for months or years ” as among non-coughing smokers,
and the difference between the two groups was statistically
significant. The lung cancer rates were also persistently higher
in coughing than in non-coughing cigarette smokers at each
level of smoking (but not among non-smokers), but the
numbers in each smoking category were not sufficient to reach
statistical significance. Hammond (1964) found that the
lung cancer rate among men who had had a cough was 3.44
times the rate among non-coughers. As is suggested later, the
high percentage of cigarette smokers among lung cancer
subjects who had had a morning cough for three years or more
prior to death indicates that cigarette smokers with persistent
morning cough are in a particularly high lung cancer risk
group.

Family Incidence of Mortality

Table XVI shows the incidence of mortality from cancer and
bronchitis reported by relatives of lung cancer and bronchitis
subjects and controls in Northern Ireland.

In papers by Tokuhata and Lilienfeld (1963) and by
Tokuhata (1964) it was concluded that lung cancer occurred
significantly more frequently among the families of lung cancer
subjects than among the families of others. Tokuhata and
Lilienfeld further concluded that “our findings indicate the
existence of familial aggregation of lung cancer after cigarette
smoking is taken into account.” The smoking habits of rela-
tives were not ascertained in the Northern Ireland inquiry, so
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that the figures cannot be standardized for differences in
smoking habits. There was an excess of lung cancer among
the relatives of subjects compared with controls in Northern
Ireland, as shown in Table XVI. Such significant differences
as existed could have been due to a predisposition in the family
either to suffer from cancer or chest illnesses or to be exposed
to similar smoking habits or residence as the subjects of the
present investigation.  Alternatively, it is possible that the
differences could have been due to the greater interest of widows
of men who died of a particular disease in the occurrence of the
disease in their families, making them more likely to report such
cases at the interview.

TABLE XVI.—Mortality from Cancer and Bronchitis Among Relatives of
Lung Cancer and Bronchitis Subjects and Controls in Northern Ireland

Men Women
Subjects | Controls | Subjects | Controls
(%) (%) (%) (%)
Lung Cancer
Lung cancer .. .. A 4 1 4 2
Other or unspecified cancer .. 22 17 21 15
Bronchitis . . .. .. .. 6 3 4 3
Bronchitis
Bronchitis . . .. .. .. 13 5 14 6
Lung cancer .. .. .. 1 1 1 1
Other or unspecified cancer .. 8 11 9 10
Month of Birth

Dr. B. K. S. Dijkstra (1963), of Groningen, has claimed to
have found an association between lung cancer and the month
of birth. He found that an excess of lung cancer patients were
born in the month of March, and outlined a theory that might
account for this peculiar characteristic. Both lung cancer
and bronchitis subjects in the present study were analysed
according to month of birth, but no association was discovered
between month of birth and either cause of death.

Acute and Chronic Bronchitis

Mortality from acute bronchitis in Northern Ireland provides
some contrasts with mortality from chronic bronchitis. Table
XVII illustrates some of the differences between acute and
chronic bronchitis in respect of associated characteristics.

TABLE XVIL.—Smoking Habits and Social Class of Subjects Dying of
Acute and Chronic Bronchitis in Northern Ireland

Male Subjects Female Subjects
Acute Chronic Acute Chronic
Bronchitis | Bronchitis | Bronchitis | Bronchitis
(%) (%) (%)
Non-smokers .. .. .. 23 10 91 82
Smokers .. .. .. .. 77 90 9 18
Social class:
Professional or intermediate .. 31 17
Skilled .. .. .. 29 36
Partly skilled or unskilled .. 32 42
Unclassified .. .. .. r 8 5

Subjects who died of acute bronchitis thus tended on the
average to be smokers less frequently and to be of higher
social class than chronic bronchitis subjects, and in fact they
were roughly proportionate to the populations at risk in these
respects.

One further point which was investigated in the Northern
Ireland study was the extent to which bronchitis was men-
tioned on the death certificates during 1960-2 as a significant
condition contributing to the death. Table XVIII compares
by area the mortality rates for adults aged 35 and over in
Northern Ireland who died from bronchitis, where bronchitis
was mentioned as the -primary cause of death on the death
certificate (1,892 male and female deaths), with the mortality
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rates for those who died from other causes of death to which

bronchitis was a contributory cause (1,238 male and female
deaths). :

TABLE XVIII.—Bronchitis Mortality Rates for 100,000 per Year for
Adults Aged 35+ in Northern Ireland, 1960-2

sos Causes to which Bronchitis
Bronchitis was Contributory
Male Female Male Female
Inner Belfast .. 333 (436) 124 (203) 175 (230) 83 (136)
Outer R .o 187 (229) 70 (110) 110 (135) 45 (72)
Urban districts .. 130 (234) 62 (144) 94 (169) 42 EQB)
Small towns_ . 106 (21) 38 (9) 56 gll) 17 (4)
Bnavirons of Belfast 85 (51) 31 (20) 45 (27) 31 (20)
‘Truly rural districts 80 (291) 40 (144) 62 (227) 29 (105)
N. Ireland 144 (1,262) 62 (630) 91 (799) 43 (435)

The mortality rates for bronchitis as a contributory cause of
death followed closely the geographical distribution of the
primary bronchitis rates, ranging from a relatively high rate
in Inner Belfast to a relatively low rate in the rural districts.

Primary bronchitis was the cause of almost twice as many
deaths as lung cancer. In addition, bronchitis further con-
tributed as a secondary cause to about two-thirds as many
deaths as those of which it was the primary cause. Even in
Northern Ireland, which has less of the health consequences of
urbanization than England, bronchitis has thus directly and
indirectly contributed to an important number of deaths.

Statistical Conclusions and their Implications

The conclusions to be drawn directly from the results of this
inquiry are inevitably concerned mainly with statistical associa-
tions. But these statistical conclusions are relevant to preventive
medicine. The main statistical conclusions that emerged from
this inquiry were the following:

1. The male and female lung cancer mortality rates and the male
bronchitis mortality rate, but not the female bronchitis mortality
rate, in Northern Ireland were substantially below the corresponding
rates for England and Wales.

2. The range of variation between the lowest and the highest
lung cancer mortality rates found in the various subgroups of the
adult population of Northern Ireland indicated that lung cancer
mortality among both men and women during the years 1960-2
was more strongly associated with smoking than with any other
environmental factor examined.

3. Bronchitis mortality in Northern Ireland among both men and
women during the years 1960-2 was associated mainly with
urbanization and smoking habits.

4. Among male non-smokers lung cancer and bronchitis mortality
rates in Northern Ireland were three to four times as high in
Belfast as in truly rural districts, but the trend was not completely
consistent for intermediate levels of urbanization, possibly owing
to the smallness of the numbers.

5. The lung cancer mortality rates of male non-smokers aged 45—
64 in truly rural districts of Northern Ireland were about the same
as those for South Africa, despite the differences in climate between
the two countries.

6. Both the lung cancer and the bronchitis mortality rates of men
in Northern Ireland were inversely associated with social class, but
the association was much greater for bronchitis than for lung cancer.

7. Morning cough at least three years before death was much
more common in lung cancer subjects of both sexes than in the
controls, and the percentages in both groups having cough increased
with the number of cigarettes smoked per day.

8. No association was found between month of birth and mortality
from lung cancer or bronchitis.

9. The association of male bronchitis mortality with smoking
habits and social class was confined to the chronic form of
bronchitis. Deaths from acute bronchitis were not associated
with these factors.

10. Bronchitis was the cause of almost twice as many deaths in
Northern Ireland as lung cancer, and, in addition, bronchitis as a
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secondary cause of death further contributed to about two-thirds as
many deaths as those of which it was a primary cause. Bronchitis

as a contributory cause of death was also associated with urbaniza-
tion in Northern Ireland.

1T. The group of men characterized by heavy cigarette smoking,
chronic morning cough, residence in Belfast, and partly skilled or
unskilled occupation had the highest mortality rates for both lung
cancer and bronchitis.

These statistical conclusions follow fairly directly and objec-
tively from the figures emerging from the study. Subjective
factors were involved in the main only in assessing the prob-
abilities of possible errors or biases. But, in considering whether
the statistical associations reflect cause-and-effect relationships
or can be used in preventive medicine, personal characteristics
can unconsciously give different weight to different parts of the
evidence. Sir Austin Bradford Hill (1965) rightly suspected
that deductions about causation from the evidence relating to
an observed association ‘“must turn upon personalities.” I
have assessed the evidence with, like many others, a profound
concern for human health and well-being, and this concern
has inevitably affected the deductions made.

Deductions from the Inquiry

The deductions made from the four main statistical associa-
tions found in the inquiry are the following:

1. My personal conclusion is that the association between smoking
and lung cancer is causal in nature. This view has been recently
expressed (Dean, 1964, 1965a). The criticisms of the evidence
linking smoking with disease, submitted to the U.S. Senate Com-
mittee on Commerce (1965) and the U.S. Committee on Interstate
and Foreign Commerce of the House of Representatives (1965), have
not led me to modify my previous conclusion. The results of the
present study are entirely consistent with this conclusion.

2. The causal nature of the association between smoking and
bronchitis is indicated by the fact that if smoking is given up while
the disease is in its early stages the course of the disease is often
reversed (Fletcher, 1962 ; Royal College of Physicians, 1962 ;
Mitchell ez al., 1964).

3. It is more difficult to conclude that the association between
urbanization and lung cancer is causal in nature. Theoretically, the
association could be due wholly or in part to differences in standards
of diagnosis in town and country or to the possibility that the types
of persons who live in cities are genetically more prone to lung
cancer than those who live in rural areas. Several arguments have
been advanced—for example, by Brownlee (1965)—to suggest that it
has not been proved that the association between smoking and lung
cancer is causal in nature, which, with appropriate changes, could
be applied to the association between urbanization and lung cancer.
On the other hand, I have been impressed by the evidence that
British-born immigrants to New Zealand (Eastcott, 1956, 1960),
South Africa (Dean, 1959, 1961), Australia (Dean, 1962), U.S.A.
(Haenszel, 1961), and even the Channel Islands (Dean, 1965a) all
carry with them a greater liability to lung cancer than locally born
men with the same smoking levels. It is difficult to avoid the
conclusion that exposure to British urbanization and to the earlier
effects of smoking habits in conjunction with the British climate
have contributed to this invisible export from Britain. In the light
of all the evidence it seems reasonable to conclude that the associa-
tion between urbanization and lung cancer does reflect, at least in
part, a cause-and-effect relationship.

4. The association between urbanization and bronchitis is well
established. It has been found among male and female non-smokers
to a greater extent than the association between urbanization and lung
cancer. The relative absence of bronchitis among heavy smokers in
South Africa, which I have observed (Dean, 1965b), indicates that
other major factors than smoking must contribute to the disease.
Comparative studies of the prevalence of respiratory disease—for
example, Holland ez al. (1965) and Reid et al. (1964)—have clearly
demonstrated that an excess in the incidence of bronchitis in the
United Kingdom compared with that in the United States occurred
at each level of smoking and among non-smokers. Reid et al.
suggested as a result of his conclusions that * some factor in British
urban life, such as air pollution, was accentuating the effect of
smoking on respiratory malfunction.” There seems little doubt,
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therefore, that the association of bronchitis with urbanization is
causal in nature.

It is not possible to state with certainty what factors related
to urbanization are reflected in the associations with urbaniza-
tion.- Fairbairn and Reid (1958) considered three possible
factors ; frequency of fog, number of persons per acre, and the
percentage of persons living more than two to a room, and
found that bronchitis mortality was highly associated with the
fog index, whereas lung cancer mortality was more strongly
associated with population density. Wicken and Buck (1964),
like Reid et al. (1964), have suggested that the relevant factor
is air pollution, and it is the most common suggestion.
Lawther (1961) has commented that the work of Reid and
Fairbairn (1958) has shown “that air pollution is probably
the most serious factor in the aetiology of chronic bronchitis.”
Nevertheless, the evidence against atmospheric pollution is far
from conclusive. If the associations of urbanization with lung
cancer and bronchitis mortality are both due to air pollution
then the forms or constituents of air pollution that contribute
to bronchitis may not be the same as those that contribute to
lung cancer.

Conclusion

These conclusions naturally lead to the further conclusions
that reasons of cost ought not to be allowed to stand in the way
of eliminating air pollution, and that every effort ought to be
made to identify those who are liable to develop lung cancer
or bronchitis or any other disease associated with smoking and
to persuade these people in particular to give up or not to
start smoking. Perhaps the most immediately important con-
clusion for preventive medicine of the present study, therefore,
is that a smoker with persistent morning cough is in a group
with a considerably higher risk for both lung cancer and
bronchitis than a person thh the same smoking habits and
no cough.

Wynder et al. (1965) published a paper on the epidemiology
of persistent cough, and Wynder and Fairchild (private com-
munication) have in progress a retrospective epidemiological
study of persistent cough in relation to lung cancer. On the
basis of their results to date, Wynder and Fairchild found no
difference in the incidence of cough between lung cancer and
control patients among smokers of 30 or more cigarettes a day.
Wynder and Fairchild found an association between cough and
lung cancer among individuals smoking between 20 and 29
cigarettes a day, but they noticed that the lung cancer group
tended to have smoked longer, to have smoked their cigarettes
to a shorter butt, and, within this smoking category, to have
smoked more cigarettes than the control group. Their pro-
visional conclusion, therefore, was that cough and lung cancer
were both due to smoking but that the cough did not con-
tribute to lung cancer. This is somewhat contrary to, for
example, Passey’s (1962) view that lung cancer is the result of
changed conditions in a respiratory system which has been
damaged by chronic cough, other abnormalities, and especially
bronchitis. It is necessary, however, to distinguish the types
of cough involved. The study by Wynder and Fairchild was
restricted to ‘“ persistent cough,” which others have defined as
“simple chronic bronchitis,” and which is frequently reversible
on ceasing smoking.

But the precise relationship between cough and lung cancer
is not the point at issue here. It would be an important step
forward in preventive medicine, as Doll (1965) and Kissen
(1965) have indicated, if those smokers likely at some future
date to develop lung cancer, bronchitis, or some other disease
associated with smoking could be identified in advance and
individually warned by their own physicians of the risk they
are running in their present way of life. This is still very
desirable even if the success rate in securing modification of
the patient’s way of life is likely, initially at any rate, to be
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small. But those who are in the high-risk groups would have
to be identified on the basis of characteristics that can be
ascertained without too great difficulty. These characteristics
fall into two classes—those which actually contribute to the
disease and those which are statistically associated with the
disease but do not contribute to it. Chronic morning cough
would appear, from the results of this and other studies, to be
one of the most readily ascertainable characteristics that can be
used to assist in identifying those who are in the groups which
have relatively high risk of future lung cancer and future
bronchitis—if indeed they do not already have bronchitis.

Further, in view of the possibility that the onset of the disease

may precede and contribute to the development of the cough,
the groups at risk who have a cough must be identified and
given advice at the earliest opportunity.

Many people helped to make this mvestxgatlon posublé, and I
wish to express my appreciation of the assistance given in particular
by the Chief and Deputy Chief Medical Officers of Health, the
County and County Borough Medical Officers of Health, and the
Registrar-General of Northern Ireland and his colleagues, and the
staff of the Census Office. I have also referred above to the
assistance given by the Health Surveys Unit of A.G.B. Research
Ltd., which undertook the field work and tabulations. Professor
J. Pemberton kindly allowed me to make use of figures relating to
Inner and Outer Belfast prepared by or for the Department of
Social and Preventive Medicine in the Queen’s University of Belfast.
I also wish to thank the Tobacco Research Council for meeting the
costs of the investigation.
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The attempted isolation of viruses from human tissue specimens
has so far proved remarkably unrewarding. It is only from
excised tonsils, adenoids, and lymph nodes that isolations have
readily been obtained (Rowe et al., 1953, 1956 ; Bell and Steyn,
1962 ; McAllister et al., 1963). Viruses have also been recovered
from the kidneys of children collected post mortem (Benyesh-
Melnick et al., 1964), from certain transplantable tumours
(Moore, 1962), and from salivary glands (Smith, 1956). In
every case, though it has proved possible to isolate an occasional
virus from the homogenized tissue, a high recovery rate is
obtained only when the tissue itself is cultured. The viruses
isolared from these tissues have fallen into several groups,
though the majority have been adenoviruses and herpesviruses.
In addition to herpes simplex itself, varicella virus and several
cytomegaloviruses have been recovered. A few strains of
picornaviruses and at least one myxovirus—measles—have also
been found. The remaining viruses are the H strains isolated
from transplantable tumours, which may be members of the
papovavirus group, or belonging to the @X 174 group of
bacteriophages (Andrewes, 1962 ; Payne et al., 1964).

Several viruses have been demonstrated in tumour tissue
excised from cases of Burkitt’s lymphoma (Burkitt, 1962). From
cases collected in Uganda six strains of herpes simplex have
been isolated (Woodall et al., 1965 ; Simons and Ross, 1965),
while a herpes-like virus has been demonstrated by electron
microscopy in cultures of the tumour cells (Epstein et al., 1964 ;
Stewart et al., 1965) and in direct biopsy material (Allbrook
et ., 1966). Six agents, as yet unidentified, have been isolated
from cases in Kenya (Dalldorf and Bergamini, 1964). The
isolation of a single reovirus has already been reported by this
group (Bell et al., 1964), and the present paper deals with the
identification of this virus and its isolation from another eight
cases in Uganda.

Methods and Materials

Between November 1963 and December 1964 tumour biopsy
specimens were collected from 24 cases of Burkitt’s lymphoma
at Mulago Hospital, Kampala ; from two cases at the Freda
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Carr Hospital, Ngora, Uganda ; and from five cases at the
Regional Hospital, Mwanza, Tanzania. Maitland-type cultures
of all biopsies were set up in 6-cm. plastic Petri dishes with
media A, C, and L. In some cases explant cultures were pre-
pared in stationary tubes with a fowl plasma clot fed with
medium C (Bell and Steyn, 1962). Sheets of fibroblasts which
grow from these cultures were passaged, 0.25% trypsin (Difco
1:250) being used. Media A and C consisted of Hanks’s BSS
plus 2% (A) or 20% (C) calf serum and 0.5% LAH. Medium
L was prepared from Eagle’s MEM plus 0.2% NaHCO, and
0.039% glutamine.

The suspensions of lymphoblasts which grew out from the
biopsies were inoculated into tube or plate cultures of human
embryo kidney (H.E.K.), human embryo lung (H.E.Lu.), Grivet
monkey kidney (M.K.), or hamster kidney (Ham. K.) cells.
Similarly, culture fluids from the fibroblast and explant cultures
were inoculated in aliquots of 0.2 ml. per tube and 0.5 ml. per
plate. Finally, tissue fragments from each tumour were inocu-
lated direct into cultures of M.K. or H.E.K. cells. Most inocu-
lated cultures were maintained in medium L. Control cultures
were maintained from each batch of cells until natural degenera-
tion occurred. Specific degeneration did not occur in any
control cultures, only end-of-life degeneration.

Antiserum was prepared in rabbits against the CAN 230
strain as described previously for E.C.H.O. viruses (Bell, 1962).
Neutralization tests were carried out by mixing 0.25-ml. aliquots
of serial twofold dilutions of serum with 025 ml of
virus dilution in medium A to give a final concentration of 100
TCD,, of virus per 0.2 ml. of mixture. The serum and virus
were incubated for one hour at 34° C. before inoculating 0.2
ml. into two tubes of M.K. cells.

The prototype strains of reovirus types 1, 2, and 3 were
kindly supplied by Dr. A. D. Macrae, Central Public Health
Laboratory, Colindale, England.

Material was prepared for examination in the electron micro-
scope as follows. Confluent monolayers of M.K. cells in 10-cm.
Petri dishes were infected with the prototype strain of reovirus
type 3 or two of the isolated strains—CAN 228/2 or CAN 230.
When 509 of the cells showed a cytopathic effect the monolayer
was removed with 0.25% trypsin and the resulting cell suspen-
sion was fixed in 5% gluteraldehyde and post-fixed in Palade’s
buffered osmic acid before spinning down to form a solid pellet.
The pellet was embedded in Araldite after dehydration, sec-
tioned, stained in uranyl acetate in 50% alcohol, and examined
in a Zeiss EM9 electron microscope.



