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Summary In a national Scottish study of 809 cases of leukaemia and non-Hodgkins lymphoma diagnosed in 1950—89 among children aged
0-4 years who were born in Scotland, together with 2363 matched population controls, we investigated one aspect of the infective hypothesis.
This concerns whether in rural areas (where the prevalence of susceptible individuals is likely to be higher) the risk is greater among the
young children of men whose work involves contacts with many different people, particularly children, as noted in certain childhood infections.
A positive trend was found in rural areas across 3 levels of increasing paternal occupational contact (as recorded at birth) by each of 2
previously defined classifications; no such effect was found in urban areas. The rural trend was more marked in that part of the study period
with greater population mixing, but the difference from the period with less mixing was not itself significant, leaving open whether these rural
findings reflect the extreme isolation of much of rural Scotland, or the effects in such areas of a degree of population mixing. In marked
contrast, among the 850 cases and 2492 controls aged 5-14, those in rural areas in the higher population mixing period showed a
significantly decreasing trend with increasing paternal occupational contact level. This would be consistent with immunity produced either by
earlier infection at ages 0—4 years, or directly by low doses of the infective agent that were largely immunizing at these older ages. The
findings overall provide further support for infection underlying childhood leukaemia and for the role of adults. © 2001 Cancer Research
Campaign  http://www.bjcancer.com
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Significant increases of childhood leukaemia have repeatedly bediales (Kinlen, 1997; Fear et al, 1999). As an urban population
recorded in situations of marked rural-urban population mixingyvould be expected to have the raised levels of immunity to infective
confirming the hypothesis that this disease has an underlyinggents often associated with high population density, we have
infective basis. For the increase in population density implicit inconsidered the question still open as to whether high levels of
such mixing would increase the level of contacts between suscepiaternal occupational contacts have effects onirtbielenceof
ible (more prevalent in rural areas) and infected individualschildhood leukaemia in young children in a very rural area, where
thereby promoting an epidemic of the relevant infection. Thehe prevalence of susceptible individuals would be unusually high.
infective agent in question is unknown, but the absence of marked We have therefore investigated paternal occupational contact
space-time clustering of childhood leukaemia in the general popuevel in relation to childhood leukaemia in a national case—control
lation indicates that it must, as in known infection-based maligstudy in Scotland in the period 1950—-89, with particular reference
nancies, be an uncommon response i.e. that the infection itself is rural areas and the possible role of population mixing.
largely immunizing. Adults as well as children appear to be
involved in its transmission (Kinlen et al, 1993a; Kinlen, 1995).

In the case of young (largely pre-school) children aged O-METHODS
years, an important contribution to their overall level of direct and
indirect contacts will be made by fathers’ contacts at work. ‘HighCases and controls

contact’ occupations have already been associated with an

increased incidence of childhood cytomegalovirus infection amjéligi?ledca_sisl ccl)(nsistgd OL Ch"dﬁnd(ig?dlo_lﬁ) diag:lasl_ed_ in
paralytic poliomyelitis. Furthermore, in situations of extreme rural cotland with leukaemia and non-Hodgkin's lymphoma ( )in

population mixing which had produced excesses of childhooc!ihe years 1950-89. For each child for whom a birth certificate was
aced in Scotland that showed a parental occupation, 3 controls of

leukaemia, risk was greater among the young children of thosléI q domlv ch f he birth .
whose work involved many community contacts (Kinlen, 1997).t e same age and sex were randomly chosen from the birth regis-

No such increases have been found in mortality studies of thtgrS of the same county. A high proportion of the cases and

question in the (largely urban) general population of England anaontrols had been included in an earlier investigation of paternal
preconceptional occupational exposure to radiation (Kinlen et al,

1993b which gives further details of control selection). Young
Received 16 October 2000 children (aged 0—4 years) were the main focus of our study, since
Revised 15 January 2001 in the case of older children, a change of paternal occupation is
Accepted 17 January 2001 more likely between birth and diagnosis; nevertheless, older chil-

dren were also investigated. So that the study was truly independ-
Correspondence to: LJ Kinlen ent of previous work, we excluded cases that were covered in a
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previous study of paternal occupational contact levels withirHigher and lower population mixing periods
excesses of childhood leukaemia associated with marked rurﬂl

population mixing; these consisted of residents of Glenrothes new dIVISI_On of the study into Iate_r and_ garller perlogl_s of, respect-
Ively, higher and lower population mixing was facilitated by the

town and of the rural home areas of certain North Sea oil industr e . :
. . . - B rowth of the North Sea oil industry in the later period, and by our
workers, together with residents of Highland counties with man . - . .
r?moval from the earlier period of 5 whole counties with large

hydro-electric schemes and of areas near other large rurﬁ ) S S :
construction projects (Kinlen, 1997) ydro-electric schemes because of their inclusion in a previous
' ' study (see above). Relevant here is the unprecedented scale of th
North Sea oil industry, the rural effects of which extended far
Parental occupations beyo_nd the areas previously stL_Jdi_ed (Kinle_'n et aIZ 1993a). For this
_ ) _ ~ has involved not only the building of oil terminals, platform
Details of paternal occupation as recorded on the birth certificatggnstruction yards and the platforms themselves at remote sites
were abstracted for all the children eligible for inclusion in thegften with large work camps and extensive haulage work, but also
study, except for a few cases and controls in which the motherihe operation of oil rigs and associated support industries, such as
occupation was used, the father not being mentioned. These oc&4pplying the rigs and transportation of workers. All this would
pations were coded to the 1960 occupational classification of thgave increased the level of rural population mixing in a wide area
Registrar General and then allocated to one of 3 categories of §§-the later period (1970-89) of the study as compared with the
timated contact level according to 2 definitions that were found t@gylier (1950-69).
be informative in a previous study of paternal occupational contact The difference between the sub-periods was also deliberately
levels and childhood leukaemia (Kinlen, 1997). The largest cataccentuated. The creation of Glenrothes new town in Fife, with
egory (the reference) was common to both sets of definitions, byjpid population growth from around 1000 in 1948 to over 19 000
whereas by one set the middle and highest categories each had 966, absorbed much of the available construction workforce of
substantial numbers of cases and controls, by the other definitigRe county, besides indirectly affecting a wide area around
the highest category had much smaller numbers. We have thergtenrothes from which a large proportion of the residents of the
fore preferred the former, the categories being defined as followsaew town had come, and in which they often continued to work
_ ) ) (e.g. at the Rosyth naval dockyard) (Kinlen et al, 1990 and unpub-
Low, medium- and indeterminate-contact level lished). To increase further the contrast between the two periods,
Agricultural occupations alone were classified to a low-contacthe (rural) county of Fife in the period 1950-69 was included with
category, while all occupations other than those in the 2 categorigge higher population mixing period (though Glenrothes itself was

described below were regarded as being in a medium categoitready excluded as explained above); the rest of the study formed
including those of uncertain contact level. These 3 categorieghe Jower mixing period.

together formed the reference group in this study.

High-contact level Analysis

This category included: salesmen, students, doctors, nurses and Higtched data on cases and controls were examined separately ir

providers of other services directly to many different people. rural and urban areas for the 3 categories of increasing paternal
contact level using conditional logistic regression with EGRET

Very-high-contact level software (1991), which produces estimates of odds ratios appro-

People in occupations involving prolonged and relatively closimating to relative risks, together with confidence intervals. The
contact with children, the age group with the greatest experience analyses were repeated after adjusting for social class, categorize
new infections, are likely to have an unusually high level of contact@s classes &I, 1IN, 1lIM (with armed forces), and IV&V.
with the infection postulated as underlying leukaemia. Teaching andvidence of linear trends was examined using a likelihood ratio
other occupations carried out in educational establishments (také@st (Breslow and Day, 1980).

as those with the words ‘child’, ‘school’, ‘college’ or ‘nursery’ in

the title) were therefore allocated to a very-high-exposure category,

as in a study of cytomegalovirus infection (Stagno et al, 1984). AsRESULTS

included here were occupations taking people outside their locletaiis of paternal occupational contact category were available
community (transport etc.), and those involving regular changes qf, 5 total of 809 cases aged 0-4 and for most (92%) of these,
colleagues and place of work, as in the construction industry (ifyrresponding details were available for each of 3 controls. For 65

Scotland, often distant from home). The categories are defined {thgo5 only 2 controls were available for analysis because the birth

more detail in the Appendix. ) _certificate of the third control showed either no parental occupa-
The data were also analysed according to the other set of defl%n or an inappropriate county of residence. For this age group,

tions in which the small group of ‘educational’ occupations alongy,g risk of leukaemia and NHL, adjusted for social class, showed a
formed the very-high-contact category (Kinlen, 1997). significant positive trend with increasing paternal contact level in
rural (P = 0.02) but not in urbanP(= 0.26) areas (Table 1); the
difference between these trends is statistically significBnt (
0.013). The corresponding analysis using the other set of defini-
Urban areas were defined as the postcode districts that embracd@shs, with teachers alone in the very-high-contact category (see
the 4 Scottish cities and the central industrial belt, a definition useMethods) also showed a significant trend in rurRak(0.04) but
previously (Kinlen et al, 1993a). Rural areas, which were ofot in urban P = 0.61) areas (data not shown). The effects of
primary interest, were the remainder of Scotland. paternal occupation in rural areas appeared more malkéat (

Rural and urban areas
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Table 1 Childhood leukaemia and NHL at ages 0-4 by paternal occupational contact category
and urban-rural status at birth: numbers and odd ratios

Rural

Contact category Cases Controls OR 2 95% ClI

Medium and low 172 563 1.00

High 50 143 1.03 (1.69, 1.52)

Very high 94 218 1.43 (1.04, 1.95)
Trend (P value) 0.02

Urban

Contact category Cases Controls OR @ 95% ClI

Medium and low 281 799 1.00

High 86 220 1.05 (0.77, 1.42)

Very high 126 420 0.88 (0.68, 1.13)
Trend (P value) 0.26

aAdjusted for social class.

Table 2 Childhood leukaemia and NHL at ages 0-4 by paternal occupational contact category and urban—rural status at birth in higher and lower population
mixing (PM) periods: numbers and odds ratios

Rural Higher PM period Lower PM period

Contact category Cases Controls OR @ (¢]] Cases Controls OR 2 Cl

Medium and low 92 317 1.00 80 246 1.00

High 31 94 0.86 (0.51, 1.46) 19 48 1.25 (0.68, 2.30)

Very high 59 127 1.58 (1.05, 2.39) 35 91 1.20 (0.74, 1.96)
Trend (P value) 0.02 Trend (P value) 0.45

Urban Higher PM period Lower PM period

Contact category Cases Controls OR 2 Cl Cases Controls OR 2 Cl

Medium and low 119 357 1.00 162 442 1.00

High 47 120 1.11 (0.72,1.72) 38 100 0.95 (0.61, 1.49)

Very high 60 194 0.96 (0.66, 1.40) 66 226 0.82 (0.58, 1.15)
Trend (P value) 0.75 Trend (P value) 0.20

aAll odds ratios adjusted for social class.

trend = 0.02) in the higher mixing period than in the lovRr( piIsCcUSSION
0.45) (Table 2), though the difference between these trends is not
statistically significant. The correspondiRgralues for the trends Occupational risks of infection are well known and there is
using the other definitions were 0.09 and 0.24, respectively, agaimthing novel in evidence of transmission of infection from adult
not significantly different from each other. No significant trendto child, including in childhood leukaemia (Kinlen, 1995). The
was found in urban areas in either period (Table 2), or using theotion of an increased risk of infection among the children of
other definitions. people in certain occupations is less familiar. In cytomegalovirus
Although younger children were the main focus of interest, 864nfection, however, an increased risk is well established among the
cases and 2546 matched controls at ages 5-14 were also investildren of both nursery workers and fathers with occupations, or
gated. In contrast to the positive relation found among youngdeisure activities, involving much contact with children (Stagno
children, these older children showed (see Table 3A) a signifiet al, 1982, 1984; Adler, 1988; Yow et al, 1988; Murph et al, 1991).
cantly declining trend in relative risk with increasing contact cat-Certain epidemics of paralytic poliomyelitis also occasioned
egory in rural areas in the higher population mixing perivtb( similar observations (Cowan, 1950; Logan, 1953; McFarlan et al,
trend = 0.04). Using the other category definitions, the trend wa$946), while a study of poliovirus antibody levels in relation to
again downward and significarf® € 0.02), with no case and 14 social factors found that a higher than average level for an indi-
controls in the very-high (teachers only) category (Table 3B). Theidual's social class was often associated with a high-contact occu-
difference between these trends at ages 0—-4 and 5-14 years waation (Backett, 1957). Our findings in rural areas of Scotland
by each definition, statistically significar® € 0.002 and < 0.005). imply thatin certain circumstancelgeukaemia at very young ages
No significant trend (in either direction) was found in rural areas ircan likewise be affected by levels of paternal occupational
the lower population mixing period, nor in urban areas in eithecontacts. They cannot, as suggested by Fear et al (1999), be attrib-
periods, whichever definition of contact category was used. uted to social class as this was adjusted for in the analysis, though
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Table 3 Childhood leukaemia and NHL at ages 5-14 in rural areas at birth by
paternal occupational contact category (by 2 definitions) in higher population mixing
period: numbers of cases and controls and odd ratios

A Contact category Cases Controls OR 2 95% CI

Medium 128 326 1.00

High 34 113 0.81 (0.51, 1.29)

Very high 47 178 0.73 (0.49, 1.08)
Trend (P value) 0.04

B Contact category ° Cases Controls OR 2 95% CI

Medium 128 326 1.00

High 81 277 0.79 (0.56, 1.10)

Very high 0 14 0.00 (0.0, 0.70)
Trend (P value) 0.02

aAdjusted for social class.
bOther definitions, with educational occupations only in the very high category.

its effects on risk were slight. The findings therefore add to thenixing. The paternal effects did indeed appear to be stronger
evidence from many population mixing studies (reviewed in(P for trend = 0.02) in the higher mixing period (dominated by
Kinlen, 1995; Doll, 1999), including a recent cohort study (KinlenNorth Sea oil industry) than in the lower peridd £ 0.45), as
and Balkwill, 2001), that strongly support an infective basis inshown in Table 2, though the difference between these trends is no
childhood leukaemia. statistically significant. The question about the role of population
Young children (aged 0—4 years) were of primary interest in thenixing in relation to these occupational effects therefore remains
present study. For among such children, not only will paternabpen, but investigation in countries with appreciable rural popula-
occupation at birth have had less opportunity to change by time ¢ibns, as in Scandinavia, should shed light on this question.
diagnosis than in the case of older children, but paternal contactsIt may be noted that all the major occupational groups in the
make a larger contribution to a younger child’s total contactsyery-high-contact category have independently been linked with
before school becomes the dominant influence. It is not implied, dhfections (including some that are oncogenic) either in the indi-
course, that occupations as recorded on birth certificates are onlduals themselves or in their spouses. Besides the anecdotes the
relevant at the time of birth; the timing of any infective transmis-abound of upper respiratory infections in teachers on starting or
sion will be determined by the timing of the relevant contact ateturning to work, their occupational risk of hepatitis B infection is
work and, no doubt, the play of chance. We have no means aobw recognized under the Industrial Injuries Act. Furthermore, the
knowing, however, whether this involves a single or repeatedvives of men in jobs requiring frequent absences from home, such
contact, though the latter might be more likely if a large dose of thas long-distance lorry drivers and construction workers, have long
relevant agent is important (as it is in feline leukaemia). been associated with a high incidence of cervical cancer, a
It needs to be stressed that the present study did not focus aroplasm caused by human papilloma virus infection. It does not
areas of marked population mixing, still less areas that turned ogeem unreasonable, therefore, to suppose that such men may als
to show significant excesses of childhood leukaemia, as havee exposed outside their communities to non-sexually transmitted
many of our studies. Instead, a whole country was covered aridfective agents or strains.
specifically the extensive rural part of Scotland, amounting to over The restriction of the occupational relationship to rural areas is
73000 knmt, 95% of its land mass. The paternal occupationakonsistent with the findings of most studies of population mixing
effects were not associated with any appreciable increase and childhood leukaemia (reviewed in Kinlen, 1995). The lower
overall incidence in the rural areas of Scotland, the high-contagiopulation density in such areas results in a higher prevalence of
categories being too small to do this. That the risk of childhoodusceptible individuals, making them more vulnerable to infective
leukaemia should vary in subgroups within situations falling welloutbreaks triggered by new contacts with infected people. Thus,
short of intense population mixing is not remarkable; it accordsneasles mortality in adults has been much higher in rural than in
with the conventional view that open populations are made up afrban Scotland even over the past 50 years. The higher prevalenct
innumerable, but often interlocking, subgroups differing inof immune individuals in urban areas makes them relatively resis-
proportions of immune and susceptible individuals, as well as imant to such outbreaks and here, the pattern of infection underlying
intimacy of contact, and that these differences are important in thehildhood leukaemia is more likely to be sporadic. In keeping with
spread of infection (Fox et al, 1971). this, no effect of paternal occupation contact levels was found in
The paternal occupational effects seen in rural Scotland (sdeukaemia mortality data for urban areas of England and Wales
Table 1) were not evident in childhood leukaemia mortality datgKinlen, 1997) or for the (largely urban) country as a whole (Fear
for rural areas of England and Wales (Kinlen, 1997) raising thet al, 1999).
question of whether this difference reflects the greater isolation of Of note is the significantlgecliningrisk of leukaemia at ages
much of rural Scotland, or the effects there of more recent pigpula 5-14 with increasing level of paternal occupational contacts (see
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Table 3) in rural areas in the higher mixing period — including archildren in rural areas covering the totality of their direct and
intriguing absence of cases in teachers’ children born in thosedirect contacts would be the ideal, though appropriate measures
areas at these times. These declining trends seem unlikely to bé overall contacts would be needed for epidemiological
due to chance. Examination of urban and rural areas, higher apdirposes.

lower mixing periods by the two contact category definitions

produce 8 subgroups; of these, only 2 showed declining trends at

ages 5-14 and these same 2 sub-groups showed a significarffyFERENCES

Increasing tr_e”q_ at ages O__4' None O_f the_ other 6 SUbgr_ouR%ler SP (1988) Molecular epidemiology of cytomegalovirus: Viral transmission
showed a significant trend (in either direction). The declining  among children attending a day care center, their parents, and caretéets.
trend at ages 5-14 years may reflect immunity produced either by 112 366-372

earlier infection at ages 0—4 years, or directly by low doses that aﬁéckst?tBE';ﬂggl957) Social patterns of antibody to poliovitasicetl:
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ings reflect differences in the extent of exposure (i.e. in degree of Occup Environ Me®6: 438-442

mixing), perhaps mediated by differences in dose of the relevarfiox JP, Elveback L, Scott W, Gatewood L and Ackerman E (1971) Herd immunity:
agent (OI’ agents). basic concept and relevance to public health immunization practices.J

Epidemiol 94: 179-189
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Occupational contact categories by 1960 codes 2

Low, medium and uncertain
High

Very high

All codes other than those specified below

Sales etc. 121, 135, 230-235, 239,
Service and professional 051, 091, 110, 236, 250-6, 263, 265, 267, 269, 275-6, 280-5, 294, 298-9, 310, 320, 321

Construction industry 053, 056, 061, 070, 080, 150, 152-154, 171, 172, 187, 273, 288
Transport etc 190-8, 203-6, 208, 209, 266.
Teachers etc 286, 287

Occupational contact categories by 1980 codes 2

Low, medium and uncertain
High

Very high

All codes other than those specified below

001, 009, 013, 017, 024, 026, 034-5, 037, 039-53, 059-63, 100-6, 108-11, 125, 127-8, 130-9, 144-6, 152-3, 159, 161,
163-5, 174, 186, 210, 256, 299

018, 031-3, 038, 085, 087, 093, 095, 123, 150-1, 155, 160, 214, 260, 302-5, 308-9, 311, 313, 316, 318-20, 323-31,
334-5, 337, 338

anadequately described occupations (code 330 in 1960) excluded.

Note. In the other set of definitions, only children-linked occupations formed the very high contact category viz: 286, 287 (1960 codes); 031-033, 038, 150,

151 (1980 codes). See text.
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