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A B S T R A C T

Data from a national case-control study are used to explore the relationships between

childhood leukaemia, infant infection and three markers of infectious exposure – birth

order, infant-activity group attendance and area-based deprivation. Amongst controls, clin-

ically diagnosed infection in the first year varied little with birth order and infant-activity

group attendance – with 4 in 5 children having at least one infection, and each child aver-

aging around 2.9 (2.8–3.0). Amongst cases of acute lymphoblastic leukaemia (ALL), the lev-

els of infection increased as the indices of infectious exposure increased – for example,

odds ratios associated with at least one infection in the first year being 0.9 (95% confidence

interval (CI): 0.6–1.4) for birth order one and 1.6 (95% CI: 1.1–2.2) for birth order two or more.

By contrast, interview data were misleading, with mothers – particularly case mothers –

consistently under-reporting. We conclude that the findings based on clinical data,

combined with the markers of infectious exposure, confirm the observation that immune

dysregulation among children who develop ALL is detectable from an early age.

� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

The potential aetiological role of infection in the development

of childhood leukaemia has been the subject of many epide-

miological studies and reports. To date, however, no specific

agents have been identified and the mechanism by which

infectious exposures might influence subsequent leukaemia

risk remains a much debated topic.1,2 A key reason for this

uncertainty is the lack of consistency between study findings,

and the present paper explores some of the reasons why this

may occur.

Unravelling the relationship between disease risk and pre-

vious infectious exposure is not straightforward. With a view

to quantifying children’s likely exposure to infectious agents
er Ltd. All rights reserved
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at various time-points, a wide range of proxies have been em-

ployed including family measures of socio-economic status

and residential location3,4; parental indicators of social con-

tact outside the home1,5; markers of the child’s social activity

such as birth order6–8 and pre-school group attendance9–11; as

well as infectious illness histories of both the child8,12–17 and

their mothers.17–22

In order to investigate the relationship between leukaemia

and infection as comprehensively as possible, the United

Kingdom Childhood Cancer Study (UKCCS) collected informa-

tion on a number of markers of infectious exposure from

multiple sources (www.ukccs.org). A unique facet of the

UKCCS is that, in addition to asking mothers about their

child’s health, systematic abstractions of primary-health care
.
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data contemporaneously compiled before diagnosis/inter-

view were also undertaken.12,23 Using these data we have al-

ready demonstrated that children who develop leukaemia

between the peak ages of 2 and 5 years have more infectious

illness episodes in the first year of life than children who do

not.12 The present paper expands on this work by examining

the relationship between childhood leukaemia, infectious ill-

ness episodes and three commonly used markers of child-

hood infectious exposure – birth order, maternal reports of

infant social activity outside the home and a census-derived

measure of deprivation. In addition, results based on clinical

diagnoses of infection are compared with those based on

maternal self-report.

2. Material and methods

The UKCCS is a national population-based case-control study,

and full details of its conduct and ethical approvals have been

previously described.24 Briefly, children aged 0–14 years diag-

nosed with leukaemia between 1991 and 1996 in Great Britain

were eligible. For each case, two controls matched by sex,

month and year of birth and region of residence at diagnosis

were randomly recruited from primary care population

registers.

At interview, mothers were asked a series of structured

questions about the infectious illnesses that their child had

during their first year of life. This included general questions

about colds, diarrhoea, vomiting, ear infections, eye infec-

tions and mouth infections; as well as more specific ones

about illnesses such as measles and chicken pox. For each

infectious illness episode, mothers were asked whether or

not they had consulted a doctor and, if so, whether any med-

ications had been prescribed. At the end of this section,

mothers were also asked whether or not their child had any

infections that they had not been asked about, and about

other factors that may have influenced their child’s exposure

to infection during infancy. Mothers were also asked about

their child’s social activity with other infants and children

outside the home in the first year of life. In particular they

were asked whether they regularly (at least once a week) at-

tended a nursery, play group, mother and toddler group,

childminder, swimming, gym group or any other group. For

each positive response, mother’s were asked how old their

child was when they first attended.9

At interview, consent to access the child’s primary care

(general practice – GP) records was also requested; and all

information contained within these routinely compiled health

records from birth until diagnosis (pseudo-diagnosis date for

control children) was subsequently abstracted onto specially

designed forms by centrally trained research staff. These data,

which included all symptoms, diagnoses and drugs recorded

at each consultation, were centrally coded according to the

International Statistical Classification of Diseases and Related

Health Problems, 10th revision (ICD-10)25 and drugs to a

schema based on the British National Formulary.26

The data analysed in this report are from the six UKCCS

administrative areas that systematically abstracted GP re-

cords – one region routinely abstracted data on each case

and both controls, whilst others opted for one control per

case at varying times as the study progressed – three doing
so almost from the outset, and two changing tack part-way

through.12 Importantly, in common with other components

of the UKCCS that only collected additional data on one of

the two individually matched controls, this control – the low-

est numbered (first randomly selected) interviewed control in

the series – was identified in advance of abstraction.24,27

Enumeration district ‘deprivation’ indices at birth were

calculated using the same methods as described for the

UK as a whole.3 As in previous UKCCS publications,12 in or-

der to increase precision and statistical power all available

controls were used as the comparison group. Odds ratios

(OR) and 95% confidence intervals (CI) were estimated using

unconditional logistic regression with adjustment for

UKCCS administrative area of residence at diagnosis, sex

and age at diagnosis (in single years).28 The analyses pre-

sented here focus on the first 12 months of life, and cases

diagnosed before 15 months of age and their corresponding

controls are excluded. Also excluded are children who had

Down’s syndrome because of the known relationship be-

tween Down’s syndrome and leukaemia and between

Down’s syndrome and infection.29 All analyses were con-

ducted using STATA.30

3. Results

Socio-demographic characteristics of the 811 leukaemia cases

and 1288 controls are compared in Table 1. As expected, the

sex and age distributions at diagnosis/pseudo-diagnosis were

similar – the marginal non-significant differences reflecting

the fact that in this dataset some cases were matched to

one control and others were matched to two. The interval be-

tween the child’s diagnosis/pseudo-diagnosis and parental

interview was, on average, greater for controls than cases;

and control children were around 6–10 months older than

case children at the time of interview. With respect to indica-

tors of infectious exposure, participating cases and controls

were similar with respect to their birth order, but controls

were significantly more likely (P < 0.05) to have regularly at-

tended social groups outside the home and to live in more

affluent areas at the time the child was born.

The relationship between infectious illness frequency in

the first year of life and birth order, infant social activity out-

side the home and deprivation is summarised in Table 2.

Control children received an infectious diagnosis from their

GP an average of 2.9 (95% CI 2.8–3.0) times in their first year

of life. This varied little with birth order or social activity out-

side the home. However, controls living in the most deprived

areas (those in the highest deprivation quintile) had signifi-

cantly more infectious illnesses diagnosed than those resid-

ing in more affluent areas. In comparison to controls, case

children averaged significantly more infectious illness epi-

sodes overall (3.2; 95% CI 3.1–3.3; P < 0.01). Moreover, children

with acute lymphoblastic leukaemia of birth order two or

more tended to have more infectious illness episodes diag-

nosed in the first year of life (3.6; 95% CI 3.4–3.7) than controls

(2.9; 95% CI 2.8–3.0) and cases of birth order one (2.7; 95% CI

2.5–2.9). The pattern was similar for children with all who reg-

ularly attended infant activity groups outside the home (3.3;

95% CI 3.1–3.5) and those in the lowest deprivation category

(3.8; 95% CI 3.5–4.1).



Table 1 – Characteristics of leukaemia cases and their controls with primary-care records, UKCCS, 1991–1996

Controls Leukaemia

Totala Acute lymphoblastic (ALL)

Total 1288 (100) 811 (100) 703 (100)

Sex

Male 711 (55.2) 442 (54.5) 387 (55.0)

Female 577 (44.8) 369 (45.5) 316 (45.0)

Age (years) at diagnosis

1 94 (7.3) 58 (7.2) 43 (6.1)

2–5 726 (56.4) 455 (56.1) 425 (60.5)

6–9 208 (16.2) 132 (16.3) 108 (15.4)

10+ 260 (20.2) 166 (20.5) 127 (18.1)

Mean (95% confidence interval (CI)) 5.9 (5.7–6.1) 6.0 (5.7–6.2) 5.7 (5.5–6.0)

Age (years) at interview

1 15 (1.2) 25 (3.1) 16 (2.3)

2–5 689(53.5) 454 (56.0) 421 (59.9)

6–9 294 (22.8) 156 (19.2) 132 (18.8)

10+ 290 (22.5) 176 (21.7) 134 (19.1)

Mean (95% CI) 7.0 (6.7–7.2) 6.5 (6.2–6.7) 6.2 (6.0–6.5)

Birth orderb

1 561(43.7) 343 (42.5) 301(43.0)

2+ 723 (56.3) 465 (57.5) 399 (57.0)

Pre-school activityc

No 606 (47.0) 452 (55.7) 387 (55.0)

Yes 682 (53.0) 359 (44.3) 316 (45.0)

Deprivation at birthd

Low/intermediate 1093 (85.1) 648 (80.1) 565 (80.6)

Highe 192 (14.9) 161(19.9) 136 (19.4)

a 440 (54%) cases had two controls.

b Because of adoption, birth order was not available for three cases and 4 controls.

c Regular social activity (at least once a week) outside the home in the first year of life.

d Because of adoption birth address was missing for 2 cases and 3 controls.

e Top 20%, most deprived areas in Great Britain.

Table 2 – Mean number of primary care visits for infection systematically extracted per child in the first year, UKCCS, 1991–
1996

Controls Leukaemia

Total ALL

N Mean (95% CI) N Mean (95% CI) N Mean (95% CI)

Infectious diagnosisa 1288 2.9 (2.8–3.0) 811 3.2 (3.1–3.3) 703 3.2 (3.1–3.3)

– Birth orderb 1 561 2.9 (2.7–3.0) 343 2.8 (2.7–3.0) 301 2.7 (2.5–2.9)

2+ 723 2.9 (2.8–3.0) 465 3.4 (3.3–3.6) 399 3.6 (3.4–3.7)

– Regular social activity No 606 2.9 (2.7–3.0) 452 3.0 (2.9–3.2) 387 3.1 (2.9–3.3)

outside the homec Yes 682 2.9 (2.8–3.1) 359 3.4 (3.2–3.6) 316 3.3 (3.1–3.5)

– Deprivation at birthd Low/intermediate 1093 2.8 (2.7–2.9) 648 3.0 (2.9–3.1) 565 3.0 (2.9–3.2)

Highe 192 3.3 (3.0–3.6) 161 3.9 (3.6–4.3) 136 3.8 (3.5–4.1)

a International Classification of Diseases 10th revision = A00–B99, H10, H66, J00–J11, J18–J22, L00–L03, L08, P35–P39.

b Because of adoption, birth order was not available for three cases and four controls.

c Regular social activity (at least once a week) outside the home in the first year of life.

d Because of adoption, birth address was not available for two cases and three controls.

e Top 20%, most deprived areas in Great Britain.
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For acute lymphoblastic leukaemia, odds ratios distributed

by birth order, social activity outside the home and depriva-

tion are presented in Table 3. As well as findings for the total-

ity of infection, results for the five most common infections

recorded in primary care records – upper respiratory tract

infection (URTI), conjunctivitis, gastro-intestinal, otitis media

and fungal infection – are also given. The proportions with at

least one infections illness were 83.1% and 82.4% for controls

and cases, respectively, for birth order one (OR = 0.9, 95%

CI = 0.6–1.4), and 80.9% and 87.2% for birth order two or more

(OR = 1.6 95% CI = 1.1–2.2). This disparity is reflected in the

individual infections, with all of the odds ratios for birth order

two or more being greater than one.

Similarly, amongst children who did not regularly attend

infant activity groups, infection levels were comparable for

cases and controls – 81.4% of controls and 82.2% of cases

(OR = 1.0; 95% CI 0.7–1.4) having at least one infection in the

first year of life. By contrast, among those who regularly at-

tended social groups outside the home, infection levels were

significantly higher for cases than for controls – 82.4% of con-

trols and 88.3% of cases (OR = 1.7; 95% CI 1.1–2.5) having at

least one infection in the first year of life. Likewise, more

cases than controls in the lowest deprivation quintile had at

least one infectious illness episode diagnosed (OR = 2.7; 95%

CI 1.2–6.0).
Table 3 – Numbers of ALL cases with at least one episode of an
primary care records and related odds ratiosa: stratified by birt
life and deprivation at birth

Infection proxy Infection (ICD-10) Controls

Birth orderb

Total 561 (100) 3

At least one 466 (83.1) 2

– URTI (J00–J06, J11.1) 346 (61.7) 1

– Conjunctivitis (H10, P39.1) 145 (25.9) 7

– Gastro-intestinal (A02–A09) 171 (30.5) 9

– Otitis media (H66) 90 (16.0) 4

– Fungal (B35, B37, P37.5) 91 (16.2) 4

Regular social activity

outside the home
Total 606 (100) 3

At least one 493 (81.4) 3

– URTI (J00–J06, J11.1) 386 (63.7) 2

– Conjunctivitis (H10, P39.1) 173 (28.6) 1

– Gastro-intestinal (A02–A09) 172 (28.4) 1

– Otitis media (H66) 94 (15.5) 7

– Fungal (B35, B37, P37.5) 94 (15.5) 5

Deprivation at birthc Low

Total 1093 (100) 5

At least one 896 (82.0) 4

– URTI (J00–J06, J11.1) 680 (62.2) 3

– Conjunctivitis (H10, P39.1) 323 (29.6) 1

– Gastro-intestinal (A02–A09) 296 (27.1) 1

– Otitis media (H66) 209 (19.1) 1

– Fungal (B35, B37, P37.5) 139 (12.7) 7

a Adjusted for sex, age at diagnosis (single years).

b Because of adoption birth order was not available for three cases and

c Because of adoption birth address was not available for two cases and

d Top 20%, most deprived areas in Great Britain.
For comparative purposes, mothers 0 reports about infec-

tious illnesses in their children during infancy are presented

in Table 4. As well as maternal reports for all infections, find-

ings for infections of the eye and ear – both of which are rel-

atively easily characterised and were specifically asked about

at interview – are also presented. Overall, the levels of mater-

nally reported infection were consistently lower than those

recorded in primary care records (Table 3) – even when the

infections were not judged severe enough to engender a GP

visit. Furthermore, in contrast to the findings for clinically

diagnosed infection, the odds ratios based on maternal report

tended to be reduced, some significantly so, and showed little

variation with either birth order, infant activity outside the

home or deprivation. For example, the odds ratios for mater-

nally reported eye infection (with a GP visit) for first and sub-

sequently born children were 0.9 (95% CI = 0.6–1.3) and 0.7

(95% CI = 0.5–1.0), respectively.

Table 4 also shows that mothers were more likely to report

infections for first born children than for later births. The pro-

portions of controls and cases with at least one report of an

infection being 76.5% and 75.1% (OR = 0.9, 95% CI = 0.6–1.2)

for birth order one, and 75.1% and 71.7% (OR = 0.8, 95%

CI = 0.6–1.1) for birth order two or more. The slight deficit

amongst cases compared to controls was more pronounced

amongst those whose mother reported taking their child to
infectious illness in the first year of life, as recorded in their
h order, social activity outside the home in the first year of

Cases OR (95% CI) Controls Cases OR (95% CI)

One Two or more

01 (100) – 723 (100) 399 (100) –

48 (82.4) 0.9 (0.6.1.4) 585 (80.9) 348 (87.2) 1.6 (1.1–2.2)

94 (64.5) 1.1 (0.8–1.5) 453 (62.7) 259 (64.9) 1.1 (0.8–1.4)

1 (23.6) 0.9 (0.6–1.2) 234 (32.4) 141 (35.3) 1.1 (0.9–1.5)

6 (31.9) 1.0 (0.8–1.4) 178 (24.6) 111 (27.8) 1.2 (0.9–1.6)

4 (14.6) 0.9 (0.6–1.4) 148 (20.5) 92 (23.1) 1.2 (0.9–1.6)

0 (13.3) 0.8 (0.5–1.2) 87 (12.0) 66 (15.5) 1.4 (1.0–2.1)

No Yes

87 (100) – 682 (100) 316 (100) –

18 (82.2) 1.0 (0.7–1.4) 562 (82.4) 279 (88.3) 1.7 (1.1–2.5)

46 (63.6) 0.9 (0.7–1.2) 416 (61.0) 207 (65.5) 1.2 (0.9–1.6)

07 (27.7) 0.9 (0.7–1.2) 206 (30.2) 105 (33.2) 1.2 (0.9–1.6)

05 (27.1) 0.9 (0.7–1.2) 178 (26.1) 102 (32.3) 1.4 (1.0–1.8)

0 (18.1) 1.2 (0.8–1.7) 144 (21.1) 66 (20.9) 1.0 (0.7–1.4)

4 (14.0) 0.9 (0.6–1.3) 84 (12.3) 52 (16.5) 1.4 (0.9–2.0)

/intermediate Highd

65 (100) 192 (100) 136 (100)

71 (83.4) 1.1 (0.9–1.3) 155 (81.3) 125 (91.9) 2.7 (1.2–6.0)

61 (63.9) 1.0 (0.8–1.3) 120 (62.5) 92 (67.7) 1.2 (0.7–2.1)

75 (31.0) 1.1 (0.9–1.3) 56 (29.2) 37 (27.2) 0.7 (0.4–1.3)

57 (27.8) 1.0 (0.8–1.3) 53 (27.6) 50 (36.8) 1.4 (0.8–2.4)

06 (18.8) 1.0 (0.7–1.3) 29 (15.1) 30 (22.1) 1.6 (0.9–3.0)

6 (13.5) 1.1 (0.8–1.5) 39 (20.3) 30 (22.1) 1.0 (0.5–1.7)

four controls.

three controls.
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a doctor (OR = 0.7, 95% CI = 0.5–1.0, for birth order one, and

0.8, 95% CI = 0.6–1.0, for birth order two or more). Unlike the

findings for birth order, the broad direction of the effect for

maternal report is as expected for infant activity outside the

home - infection levels appearing generally higher among
Table 5 – Comparison between infectious episodes contempor
infection that was confirmed by a GP

Maternal report of
illness with confirmatory
GP visit

Controls

Yes No Sensitivity (%)

Any infection

Yes 758 118 71.9

No 297 115

Eye infection

Yes 149 122 39.3

No 230 787

Ear infection

Yes 84 146 35.3

No 154 904

a PPV, positive predictive value.

Table 4 – Numbers of ALL cases with at least one episode of an
mother and related odds ratiosa: stratified by birth order, socia
deprivation at birth

Infection proxy Maternal
self-report

Infection Controls Ca

Birth orderb

Total 561 (100) 301

Illness At least one 429 (76.5) 226

– Eye 139 (24.8) 67

– Ear 106 (18.9) 44

Illness At least one 395 (70.4) 196

+GP visit – Eye 118 (21.0) 60

– Ear 106 (18.9) 44

Regular social

activity

outside

the home

Total 606 (100) 387

Illness At least one 423 (69.8) 277

– Eye 124 (20.5) 55

– Ear 91 (15.0) 64

Illness At least one 372 (61.4) 234

+GP visit – Eye 111(18.3) 50

– Ear 89 (14.7) 63

Deprivation

at birthc

Low/in

Total 1093 (100) 565

Illness At least one 824 (75.4) 409

– Eye 266 (24.3) 115

– Ear 195 (17.8) 93

Illness At least one 739 (67.6) 349

+GP visit – Eye 236 (21.6) 104

– Ear 193 (17.7) 92

a Adjusted for sex, age at diagnosis (single years).

b Because of adoption birth order was not available for three cases and

c Because of adoption birth address was not available for two cases and

d Top 20%, most deprived areas in Great Britain.
those with more social contact. This is also true for depriva-

tion, where those in the bottom quintile had more infectious

diagnoses than those in the remaining 80%.

At the individual level, agreement between the illness epi-

sodes recorded in GP records and maternal recall at interview
aneously recorded in GP notes and maternal recall of

GP infection record

Cases

PPVa (%) Yes No Sensitivity (%) PPVa (%)

86.5 450 56 66.1 88.9

231 74

55.0 78 64 32.0 54.9

166 503

36.5 61 77 37.4 44.2

102 571

infectious illness in the first year of life, as reported by their
l activity outside the home in the first year of life and

ses OR (95% CI) Controls Cases OR (95% CI)

One Two or more

(100) – 723 (100) 399 (100) –

(75.1) 0.9 (0.6–1.2) 543 (75.1) 286 (71.7) 0.8 (0.6–1.1)

(22.3) 0.8 (0.6–1.2) 168 (23.2) 68 (17.0) 0.7 (0.5–0.9)

(14.6) 0.7 (0.5–1.0) 127 (17.6) 72 (18.1) 1.0 (0.7–1.4)

(65.1) 0.7 (0.5–1.0) 479 (66.3) 244 (61.2) 0.8 (0.6–1.0)

(19.9) 0.9 (0.6–1.3) 152 (21.0) 63 (15.8) 0.7 (0.5–1.0)

(14.6) 0.7 (0.5–1.0) 124 (17.2) 70 (17.5) 1.0 (0.7–1.4)

No Yes

(100) – 682 (100) 316 (100) –

(71.6) 1.1 (0.8–1.4) 551 (80.8) 236 (74.7) 0.7 (0.5–0.9)

(14.2) 0.6 (0.4–0.9) 184 (27.0) 80 (25.3) 0.9 (0.7–1.2)

(16.5) 1.1 (0.8–1.6) 142 (20.8) 52 (16.5) 0.8 (0.5–1.1)

(60.5) 0.9 (0.7–1.2) 504 (73.9) 207 (65.5) 0.6 (0.5–0.9)

(12.9) 0.6 (0.4–0.9) 160 (23.5) 73 (23.1) 1.0 (0.7–1.4)

(16.3) 1.1 (0.8–1.6) 141 (20.7) 51 (16.1) 0.7 (0.5–1.1)

termediate Highd

(100) 192 (100) 136 (100)

(72.4) 0.8 (0.7–1.1) 148 (77.1) 103 (75.7) 0.9 (0.5–1.5)

(20.4) 0.8 (0.6–1.0) 41 (21.4) 20 (14.7) 0.6 (0.3–1.2)

(16.5) 0.9 (0.7–1.2) 38 (19.8) 23 (16.9) 0.8 (0.4–1.5)

(61.8) 0.7 (0.6–0.9) 135 (70.3) 91 (66.9) 0.8 (0.5–1.4)

(18.4) 0.8 (0.6–1.1) 34 (17.7) 19 (14.0) 0.8 (0.4–1.5)

(16.3) 0.9 (0.7–1.2) 37 (19.3) 22 (16.2) 0.8 (0.4–1.4)

four controls.

three controls.
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was poor, as can be seen from Table 5 . Even for ear infections,

where GP confirmation was reported to be high at interview,

nearly two-thirds of mothers (cases and controls) whose chil-

dren had a clinical entry for otitis media did not report an epi-

sode with a GP visit at interview – the mothers of only 84

(35.3%) of 238 control children and 61 (37.4%) of 163 case chil-

dren with recorded diagnoses reporting an ear-infection dur-

ing the first year of life. As with sensitivity, the predictive

value of a positive interview report was similarly disappoint-

ing, even for overtly obvious conditions such as infections of

the eye where only around 55.0% of case and control mothers’

reports were confirmed. In general, however, case mothers 0

positive reports at interview were marginally more accurate

than those of control mothers’ – the positive predictive values

tending to be slightly higher.

4. Discussion

In the UKCCS we have previously demonstrated that children

who develop leukaemia between the peak ages of 2 and 5

years have more infectious illness episodes in the first year

of life than children who do not .12 This paper explores the

relationship between childhood leukaemia, infectious illness

episodes and three of the most commonly used markers of

childhood infectious exposure – birth order,6–8 attendance at

infant activity groups outside the home9–11 and area-based

deprivation.3,4 In addition, it examines the relationship be-

tween clinically diagnosed infections and maternal reports

at interview.

Amongst controls, we found that clinically diagnosed lev-

els of infection varied little with birth order and infant group

attendance – with the average number of GP visits for infec-

tion being 2.9 (2.8–3.0) in the first year, and around 4 in every

5 children having at least one infectious illness diagnosed.

There was, however, some indication that children in the bot-

tom deprivation quintile averaged more infectious illness

diagnoses than other children (3.3; 3.0–3.6). Patterns were

far more pronounced amongst children with ALL than

amongst controls, where, for all three markers, the level of

infection appears to consistently increase as the index of

infectious exposure increases – those of birth two or more,

those who regularly attended infant groups and those in the

lowest deprivation quintile all having more infectious epi-

sodes diagnosed than those in the lower exposure categories.

With respect to the association between ALL and birth order

alone, proportions of children from second and subsequent

births are similar for controls (56.3%) and cases (57.0%), con-

firming previous UKCCS findings.7,9 By contrast, more control

mothers than case mothers reported attendance at infant

activity groups outside the home (53.0% controls, 45% cases;

P < 0.05), whereas fewer controls than cases lived in deprived

areas (15.0 % controls, 19.3 cases; P < 0.05). The latter two find-

ings reflect the fact that participants in epidemiological stud-

ies are often more affluent than non-participants – apparent

associations arising purely as a result of differential case-con-

trol participation.3,9 Nonetheless, when taken together with

more robust estimates such variables can prove useful. In

the present case, for example, the association between infec-

tious exposure and the risk of ALL appears consistently raised

in the most highly exposed groups - the risks being increased
in children with at least one primary care visit for an infection

in the first year of life for all high exposure categories; birth or-

der two or more (OR = 1.6 95% CI = 1.1–2.2), regular attendance

at infant activity groups (OR = 1.7 95% CI = 1.1–2.5) and living in

a deprived area at birth (OR = 2.7 95% CI = 1.2–6.0).

Our findings for clinically diagnosed infection were not

replicated by the data recorded at interview. Both case and

control mothers consistently under-reported the frequency

of infectious illness experienced by their children in the first

year of life – more than one in four mothers who took their

child to a GP with an infectious illness did not report doing

so at interview. The levels of accuracy were even lower when

specific infections were considered, for example, only one in

every three ear infections diagnosed by a GP was recalled at

interview. The degree of under-reporting appeared greater

for case mothers than for control mothers with odds ratios

for infectious illness estimated from the interview data all

tending to be below one, many significantly so (P < 0.05). Fur-

thermore, this case-control disparity was unaffected by the

likely level of infectious exposure as measured by the proxy

variables of birth order, attendance at infant-activity groups

and area-based deprivation. For children who attended

regular social activity groups outside the home, the two data

sources (primary care and interview) yielded statistically

significant results in the opposite direction. The odds of

developing ALL was significantly raised when based on GP

data (OR = 1.7, 95% CI = 1.1–2.5, P = 0.014), but reduced when

based on mothers report (OR = 0.7, 95% CI = 0.5–0.9, P = 0.02).

Underreporting and inaccurate recall of historical events is

an acknowledged problem in interview-based epidemiologi-

cal research, and since the children were around 6–7 years

old when their mothers were interviewed such inaccuracies

are, perhaps, not surprising. Indeed, with respect to maternal

recollections about their children’s health, the available evi-

dence suggests that whilst serious health events are reported

reasonably accurately31, common childhood illness and

minor complaints, such as those investigated in the present

report, are not .32–34 The reasons behind the differential

case-control under-reporting are, however, unclear, but it is

possible that minor childhood infections may be even less

well remembered by mothers of seriously ill children.

Our novel analyses of primary health-care data suggest

that early infectious illness patterns of children who subse-

quently develop ALL differ from those of children who do

not. The evidence for this is twofold. Firstly, our previous anal-

ysis which was based on a subset of the data presented here

demonstrated that from birth onwards children diagnosed

with ALL between the ages of 2 and 5 years had more infec-

tions than unaffected children.12 Secondly, the present analy-

sis shows that amongst infants who are exposed to infection

via other children, those who develop ALL after 15 months of

age tend to have more clinically diagnosed infections than

unaffected controls. In the context of the hygiene hypothesis,

our observations have parallels with recent findings on chil-

dren who subsequently develope allergic disorders.35,36

In summary, our analyses of UKCCS data suggest that the

findings based on maternal reports of minor illnesses in their

children should be interpreted with extreme caution. By con-

trast, findings based on clinical data combined with markers

of infectious exposure confirm the observation that immune
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dysregulation in children who develop ALL is detectable from

an early age.
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