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We investigated the relationship between childhood leukaemia
and preceding history of allergy. A nationwide case–control study
of childhood cancers was conducted in the United Kingdom with
population-based sampling of cases (n 5 839) and controls (n 5
1,337), matched on age, sex and region of residence. Information
about clinically diagnosed allergies was obtained from primary
care records. More than a third of subjects had at least one allergy
diagnosed prior to leukaemia diagnosis (cases) or pseudo-diagno-
sis (controls). For both total acute lymphoblastic leukaemia (ALL)
and common-ALL/precursor B-cell ALL (c-ALL), a history of ec-
zema was associated with a 30% significant reduction in risk: the
odds ratios (OR) and 95% confidence intervals (CI) were 0.70
(0.51–0.97) and 0.68 (0.48–0.98), respectively. Similar associations
were observed for hayfever (OR 5 0.47; 95% CI: 0.26–0.85 and
OR 5 0.62; 95% CI: 0.33–1.16 for ALL and c-ALL, respectively).
No such patterns were seen either for asthma and ALL, or for any
allergy and acute myeloid leukaemia. A comparative analysis of
primary care records with parents recall of allergy revealed only
moderate agreement with contemporaneous clinical diagnoses for
both cases and controls—confirming the unreliability of parental
report at interview. Our finding of a reciprocal relationship
between allergy and ALL in children is compatible with the hy-
pothesis that a dysregulated immune response is a critical deter-
minant of childhood ALL.
' 2007 Wiley-Liss, Inc.
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There is increasing evidence to support the notion that an abnor-
mal immune response is a critical determinant of childhood acute
lymphoblastic leukaemia (ALL). Hitherto, the majority of epide-
miological research has focussed on the potential aetiological
roles of the timing and dose of infection.1,2 However, in the con-
text of the maturation of the immune system, investigating the
relationship between allergy and ALL may provide more insight
into the possible mechanisms involved. The way by which allergy
might influence childhood leukaemia risk is not clear, although
one possibility is that individuals with allergic conditions have
immune systems with a greater capacity to detect and destroy
aberrant cells.

Whilst most studies of allergy and childhood leukaemia3–12

report an inverse association, data on the specific allergy types
involved and the extent of the reduction in risk is uncertain. This
is partly because most investigations to date have relied on paren-
tal recall to measure their child’s allergy history and obtaining
accurate unbiased information about prior illnesses at interview is
recognised as being problematic. In addition to recall bias, ques-
tioning is not always comprehensive and, even where it is, sub-
stantial misclassification of allergies might be expected.

We describe here the results of an analysis based on data
abstracted from contemporaneously compiled primary care clini-
cal records as part of the largest and most comprehensive popula-
tion-based case–control study of paediatric cancers: the United

Kingdom Childhood Cancer Study (UKCCS). The ability to
access complete sets of medical records from an individual’s gen-
eral practitioner in this way is a unique feature of the UK health
care system. Importantly, in our study, we were also able to assess
the agreement between an individual’s parental reports of asthma
and eczema with their clinically diagnosed reports and compare
relative risk estimates from the two sources.

Material and methods

Study population

Details of the UKCCS have been described elsewhere.13

Briefly, cases diagnosed with a malignancy between 1991 and
1996, aged 14 or younger and resident in Great Britain were
recruited to the study. Controls were randomly selected from pri-
mary care population registers and individually-matched to partic-
ipating cases by age, sex and study region with two controls per
case. The age of diagnosis of leukaemia of the case was desig-
nated as the age at pseudodiagnosis for the corresponding matched
control(s).

Data collection

Detailed diagnostic information was obtained from multiple
sources, including the Medical Research Council’s treatment tri-
als, to classify leukaemia subtypes.13 Information regarding the
index child’s health was collected from mothers, using inter-
viewer-administered questionnaires. In addition, lifetime histories
of childhood diseases, including allergies, were systematically
abstracted from primary care records compiled prior to diagnosis/
interview.14 Items abstracted included all consultations with a
general practitioner or practice nurse, referrals to hospital consul-
tants and other specialists, dates of individual events, results of
tests and investigations along with details relating to prescribed
medicines and other treatments. Symptoms and diagnoses were
coded using the Tenth Revision of the International Classification
of Diseases (ICD-10).15 Drugs were coded using a schema based
on the British National Formulary.16

Dates and diagnoses of the following conditions were recorded
from each subject’s records for the period from birth to diagnosis/
pseudodiagnosis: asthma, hayfever or allergic rhinitis (hereafter
referred to simply as �hayfever�) and eczema, atopic eczema or
atopic dermatitis (hereafter referred to simply as �eczema�). Pre-
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scriptions for nasal, inhaled or oral corticosteroids, antihistamines
and bronchodilators were noted.

Enumeration district �deprivation� indices (in quintiles) based on
car ownership, housing tenure, household overcrowding and
unemployment17 were calculated for the household at diagnosis/
pseudodiagnosis13 and used as a measure of socioeconomic status.

Definitions of allergy

Probable asthma, hayfever and eczema were all defined as at
least one episode for which a diagnosis of one of these conditions
was recorded in the medical notes. Episodes where the documen-
tation indicated ambiguity in the allergy diagnosis were censored.

Definite asthma was asthma with evidence of one or more pre-
scriptions for drugs typically used to treat this condition recorded
in the medical records.

Definite hayfever was hayfever with evidence of one or more
prescriptions for drugs typically used to treat this condition in the
medical records.

Definite eczema was defined using information from both medical
records and interview. In addition to a clinical record (as earlier), def-
inite eczema was that which, according to mother’s report, affected
the body skin folds or flexures (i.e., the folds of the elbows, behind
the knees, in front of the ankles, under the buttocks or around the
neck, ears and eyes); flexural involvement is a major feature of ec-
zema and used as a criterion in the diagnosis of this condition.18

Statistical methods

Altogether, 3,838 children with cancer, including 1,736 with
leukaemia and 7,629 control children were studied as part of the
UKCCS.13 The present analyses are restricted to the six study
regions that systematically abstracted primary care records across
all, or specific parts of, their area.14 Overall, medical records for
1,597 (92%) children with cancer and 2,393 (70%) control chil-
dren were abstracted; of these, 890 (56%) were leukaemia cases
and 1,375 (57%) were matched controls. Children with Down’s
syndrome (n 5 27) and those aged less than 3 months at diagno-
sis/pseudodiagnosis (n 5 23) were excluded. Allergies diagnosed
in the 3 months prior to diagnosis/pseudodiagnosis date (n 5 39)
were also censored, leaving 839 leukaemia cases and 1,337
matched controls available for analysis.

Records for at least one matched control were abstracted for ev-
ery case, with more than half having information abstracted for

both of their matched controls. Importantly, where information
was abstracted for only one control, this control was the first to be
randomly selected and was identified in advance of abstraction.
To exclude the possibility that any observed association was due
in part to selection bias, analyses were repeated using only sub-
jects from the Oxford region as this was the only study region to
routinely abstract data for both controls throughout.

Odds ratios (OR) and 95% confidence intervals (CI) were esti-
mated for a composite variable (�at least one allergy�) and for individ-
ual allergies in unconditional logistic regression models and adjusted
for deprivation and the three matching variables: sex, age at diagnosis
(in single years) and region of residence at diagnosis. Analyses were
conducted in parallel for all leukaemias combined and for 3 sub-
groups: ALL, common-ALL/precursor B cell (c-ALL) and acute my-
eloid leukaemia (AML). Small sample size prevented T-cell ALL-
specific analyses. To increase precision, all available leukaemia con-
trols were used as the comparison for each diagnostic subgroup. Tests
for linear trend were conducted by fitting ordered categories of a vari-
able as a single ordinal variable in the models; trend p-values were
based on the Wald test. All analyses were conducted using Stata soft-
ware (version 9.2) (StataCorp, College Station, Texas, 2006).

During the interview, subjects’ parents were asked if their child had
ever had asthma or eczema (there were no direct questions about hayf-
ever in the interview). We evaluated the accuracy of 1,843 parental
reports of allergy history, using a measure of sensitivity (true positive
proportion); this was calculated by dividing the number of asthma or
eczema diagnoses recorded by both interview and records by the total
number of asthma or eczema diagnoses identified in the records.
Overall agreement between interview and records was measured using
the kappa (j) statistic. Sensitivity and j were calculated separately for
cases and controls. To examine the effects of differential misclassifi-
cation, whereby cases either over- or under-report compared to con-
trols, risk estimates for the association between allergy history and
risk of ALL from each dataset were also compared.

Results

Subject characteristics

Seven-hundred and twenty (86%) of the 839 leukaemias were
acute lymphoblastic and 101 (12%) were acute myeloid. The sex
distribution was comparable to previously reported data, with an
excess of boys for all leukaemias combined and for each diagnos-
tic subgroup (Table I).

TABLE I – SAMPLE CHARACTERISTICS BY DISEASE STATUS, UKCCS STUDY

All leukaemias combined
Acute lymphoblastic leukaemias (ALL)

Acute myeloid leukaemias
Total ALL common-ALL

Controls
(n 5 1337)

n (%)

Cases
(n5 839)
n (%)

p-value1
Cases

(n5 720)
n (%)

p-value1
Cases

(n5 538)
n (%)

p-value1
Cases

(n5 101)
n (%)

p-value1

Gender
Male 728 (54.4) 454 (54.1) 391 (54.3) 293 (54.5) 52 (51.5)
Female 609 (45.6) 385 (45.9) 0.88 329 (45.7) 0.95 245 (45.5) 1.00 49 (48.5) 0.56

Deprivation index
Least deprived 1 315 (23.6) 186 (22.2) 161 (22.4) 121 (22.5) 21 (20.8)

2 291 (21.8) 181 (21.6) 161 (22.4) 122 (22.7) 18 (17.8)
3 314 (23.5) 164 (19.5) 139 (19.3) 110 (20.5) 21 (20.8)
4 239 (17.9) 163 (19.4) 141 (19.6) 100 (18.6) 18 (17.8)

Most deprived 5 173 (12.9) 143 (17.0) 0.03 116 (16.1) 0.09 83 (15.4) 0.44 23 (22.8) 0.09
Missing 5 (0.4) 2 (0.2) 2 (0.3) 2 (0.4) 0 (0.0)

Breastfed
Ever 862 (64.5) 516 (61.5) 445 (61.8) 329 (61.1) 61 (60.4)
Never 475 (35.5) 323 (38.5) 0.16 273 (37.9) 0.23 208 (38.7) 0.18 40 (39.6) 0.41
Missing 2 (0.1) 2 (0.2) 2 (0.3) 1 (0.2) 0 (0.0)

First born
Yes 579 (43.3) 360 (42.9) 310 (43.1) 236 (43.9) 42 (41.6)
No 758 (56.7) 479 (57.1) 0.86 406 (56.4) 0.91 302 (55.7) 0.82 59 (58.4) 0.74
Missing 4 (0.3) 4 (0.5) 4 (0.5) 2 (0.4) 0 (0.0)

1Derived from two-sample test for proportions comparing cases and controls without missing variables for the variable.
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In general, participation was lower among control families liv-
ing in more deprived areas and we have adjusted for deprivation
in all subsequent analyses. Breastfeeding history (ever/never) and
early birth order (firstborn: yes/no) were also examined as poten-
tial confounders since they are considered to be proxies for
reduced exposure to infectious agents in infancy and, as such,
thought to be associated with the development of atopic disease.
The distribution of both covariates was similar amongst cases and
controls, with neither covariate significantly changing the risk esti-
mates when controlled for in the models. Therefore, the models
presented here include the matching variables and deprivation
index alone.

Allergy history

More than a third of cases (n 5 305; 36%) and controls (n 5
523; 39%) had at least one diagnosis of allergy (i.e., eczema,
asthma or hayfever) in their medical records; of these, half had at
least one �definite� diagnosis (cases: n 5 151; controls: n 5 288)
(Table II). The most common condition was eczema, with 250
(30%) cases and 433 (32%) controls having one or more recorded
episode. Diagnoses of asthma and hayfever were less frequent: 85
(10%) cases and 135 (10%) controls had �probable asthma’ and
only 23 (3%) cases and 60 (5%) controls had �probable hayfever’.
Whilst the number of subjects with positive asthma or hayfever
histories remained fairly static when �definite’ diagnoses were con-
sidered, numbers of eczema diagnoses decreased by 71% in cases
and 64% in controls when parental report of flexural involvement
was included as a diagnostic criterion. It should be noted, how-
ever, that 71 parents of children with a �probable eczema’ diagno-
sis (10%; 32 control parents and 39 case parents) were not asked
about flexural involvement, as the question was only introduced in
the second year of the study.

A history of at least one �probable’ allergy was associated with
a 13–16% nonsignificant reduction in risk across all leukaemia
subgroups (Table II). For ALL, associations were stronger for
�definite’ allergy diagnoses (OR 5 0.77; 95% CI: 0.60–0.98) but
this wasn’t seen for AML (OR 5 0.92; 95% CI: 0.55–1.53). The
deficit of �definite’ allergy among ALL cases compared to controls
is largely driven by eczema (OR 5 0.70; 95% CI: 0.51–0.97) and
hayfever (OR 5 0.47; 95% CI: 0.26–0.85), there being little asso-
ciation with asthma. The estimated odds risk ratios for c-ALL
were not dissimilar to those for ALL as a whole. No associations
between a diagnosis of any allergy type (�probable’ or �definite’)
and AML were observed; however, numbers were small and the
power to detect an association was limited. Similar results were
obtained when the analysis was confined to Oxford cases only
(152 cases, 321 controls; data not shown). Likewise, controlling
for the possible confounders did not materially affect the estimates
but we have chosen to present the adjusted ORs rather than the
unadjusted ORs.

Comparison of interviews and records

In Table III, subjects are characterised as positive or negative
for history of asthma or eczema according to parental interviews
and medical records. The medical record definition of �probable’
eczema was independent of interview reports of flexural involve-
ment. Interview sensitivity and j (with 95% CI) are presented.
Numbers of missing data and �don’t know’ responses from the
interview were similar for both allergy types. Asthma was
reported with high accuracy and varied little between case and
control parents (81% sensitivity for cases; 83% sensitivity con-
trols), but sensitivities for eczema (51–57%) were more moderate.
The measure of overall reporting agreement was also highest for
asthma (j 5 0.63), with cases (j 5 0.69) exceeding controls (j 5
0.60). Eczema history was frequently under-reported by mothers
(13.7%–14.4%) and the proportion of unsubstantiated reports (i.e.,
false positive and false negative reports) by case and control
parents was more than twofold higher for eczema than for asthma
(control parents: 22.0% vs. 9.2%; case parents: 20.5% vs. 6.3%).
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Agreement between interviews and records was, therefore, only
moderate for eczema (j 5 0.46) but did not differ discernibly for
cases and controls.

Table IV shows the variability in estimates of risk resulting
from the alternative reporting sources. In general, odds ratios cal-
culated from record data were higher than those resulting from
interview data. The odds ratios for a positive history of eczema
from the interview (OR 5 0.77; 95% CI: 0.61–0.98) and �probable
eczema� from the records (OR 5 0.89; 95% CI: 0.72–1.10) were
both less than one, with only the interview-based estimate statisti-
cally significant. For a history of asthma, the OR derived from the
interview was also statistically significant and indicative of a
reduction in risk (OR 5 0.74; 95% CI: 0.55–0.99), whereas the
estimate for �probable asthma� from the records (OR 5 1.01; 95%
CI: 0.73–1.39) suggested no association between risk of ALL and
asthma.

Cytogenetics

Cytogenetic data were available for 744 (89%) children with
leukaemia. There were no obvious patterns of risk associated with
any of the cytogenetic subgroups (p > 0.05) for children with or
without a diagnosis of allergy; however, some of the subgroup
analyses were based on small numbers (data not shown).

Discussion

In the UKCCS, we observed a �20% reduction in risk for ALL
and c-ALL following a definite diagnosis of allergy. The strongest
association was observed with eczema and, to a lesser extent,
hayfever, for which we observed statistically significant reductions
in risk for total ALL and c-ALL of 30% and 40%, respectively.
There was little support for an association with asthma. By con-
trast, although the number of AML cases was small, the pattern of
risk differed markedly from that seen for ALL and c-ALL such
that there was no evidence of any relationship with allergy, which,

given the heterogeneous nature of childhood leukaemia, is not
entirely unexpected.

Allergies are a diverse range of conditions and the type of
allergy diagnosed in childhood varies considerably with age.
Eczema presents early in infancy before the peak age of child-
hood leukaemia, with onset between 12 and 24 months, whereas
asthma and hayfever typically onset in later childhood. In our
data, the mean age of diagnosis of eczema, asthma and hayfever
were 1.4, 3.0 and 6.6 years, respectively. Onset prior to the age
of 2 is often used as a criterion in the diagnosis of eczema18

and, as the majority (84%) of UKCCS subjects with eczema
were diagnosed before that age, we can be fairly confident that
most cases were captured. Unlike eczema, however, there are
no explicit diagnostic guidelines for asthma and the term
includes a broad range of conditions.19 Thus, differentiating
children who frequently experience respiratory asthma-like
symptoms with infection from those who are truly asthmatic is
not straightforward; this is probably also true for hayfever. The
fact that age of onset occurs after the peak age of childhood leu-
kaemia and that misclassification is not unlikely, suggests that
asthma and hayfever may be poor markers of allergy in this
population.

Paradoxically, eczema, which is less complicated to diagnose in
the clinical setting, was reported by mothers less accurately than
asthma. One possible explanation for this might be that diagnosis
of eczema occurs further from the time of interview, thereby creat-
ing greater potential for recall bias. The fluctuating and usually
less serious nature of eczema may also contribute to lower preci-
sion. Risk estimates for allergy histories were less pronounced if
based on record data. Nondifferential exposure misclassification,
with frequent under-reporting of eczema by both case and control
parents, might be expected to bias towards the null. For maternal-
reported history of asthma, sensitivity was slightly higher and the
proportion of true negatives was lower in controls compared to
cases. As a result, measures of association between a history of
asthma and risk of ALL were substantially underestimated and we

TABLE III – COMPARISON OF SELF–REPORTS OF INTERVIEWED MOTHERS WITH PRIMARY CARE RECORDS FOR HISTORY OF ECZEMA AND ASTHMA
AMONG 1843 UKCCS ACUTE LYMPHOBLASTIC LEUKAEMIA CASES AND CONTROLS

Allergy history1
Interview data/Primary care records

Missing data2

n (%)
Don’t know3

n (%)
Total
(n) Sensitivity Kappa

1/1
n (%)

1/2
n (%)

2/1
n (%)

2/2
n (%)

Eczema
All 311 (16.9) 139 (7.5) 257 (13.9) 1087 (59.0) 1 (0.1) 48 (2.6) 1843 0.55 0.46 (0.42–0.51)
Controls 221 (17.9) 102 (8.3) 169 (13.7) 714 (57.8) 1 (0.1) 27 (2.2) 1234 0.57 0.46 (0.41–0.52)
Cases 90 (14.8) 37 (6.1) 88 (14.4) 373 (61.2) 0 (0.0) 21 (3.5) 609 0.51 0.45 (0.37–0.53)

Asthma
All 157 (8.5) 117 (6.3) 34 (1.8) 1488 (80.7) 0 (0.0) 47 (2.6) 1843 0.82 0.63 (0.58–0.68)
Controls 106 (8.6) 91 (7.4) 22 (1.8) 982 (79.6) 0 (0.0) 33 (2.7) 1234 0.83 0.60 (0.54–0.67)
Cases 51 (8.4) 26 (4.3) 12 (2.0) 506 (83.1) 0 (0.0) 14 (2.3) 609 0.81 0.69 (0.60–0.78)

1Based on responses to the question: �Has your child ever had asthma/eczema? (Interview data)�; allergy types not mutually exclusive.–2Miss-
ing data for interview.–3�Don’t know� response to interview.

TABLE IV – RISK OF ACUTE LYMPHOBLASTIC LEUKAEMIA IN 1843 CHILDREN ASSOCIATED WITH ALLERGY HISTORY ACCORDING TO PARENTAL
INTERVIEW DATA AND PRIMARY CARE RECORDS, UKCCS STUDY

Parental interview data Primary care records
Difference

between ORs3
Allergy history1

Controls
(n 5 1234)

n (%)

Cases
(n5 609)
n (%)

OR2 (95% CI) Allergy history
Controls

(n 5 1234)
n (%)

Cases
(n 5 609)
n (%)

OR2(95% CI)

Eczema Eczema
Never 883 (71.6) 461 (75.7) Ref No 833 (67.5) 427 (70.1) Ref 15.6%
Ever 323 (26.2) 127 (20.9) 0.77 (0.61–0.98) Probable4 401 (32.5) 182 (29.9) 0.89 (0.72–1.10)

Asthma Asthma
Never 1004 (81.4) 518 (85.1) Ref No 1103 (89.4) 545 (89.5) Ref 36.5%
Ever 197 (16.0) 77 (12.6) 0.74 (0.55–0.99) Probable4 131 (10.6) 64 (10.5) 1.01 (0.73–1.39)

1Based on positive responses to the question: �Has your child ever had asthma/eczema?�; allergy types not mutually exclusive.
2
Odds ratios

adjusted for the matching variables: sex, age (in single years), region and deprivation index.–3Percent difference between odds ratio based on
primary care records and odds ratio based on interview data.–4Probable’ allergies defined as one or more episodes of eczema, asthma or hayfever
in the medical records.
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calculated a reduction in the odds ratio of more than 36% when
based on interview rather than records.

Our findings suggest that ascertaining accurate histories of
some allergies by questionnaire is not straightforward and that epi-
demiological studies relying on parent recall may be subject to
substantial bias. In particular, prevalence rates for allergies based
on parental reports are likely to be underestimated for eczema and
overestimated for asthma. Surprisingly, perhaps, there are no cor-
responding data for the UK to compare with incidence rates of
allergy in our control population. There are, however, estimates
for the UK derived from sources, including cross-sectional sur-
veys, subject-reported symptoms and parental reports,20–25 which
vary somewhat from the incidence of medically-recorded allergic
conditions, using the �definite’ allergy definitions in our controls;
for example, the UK rates for eczema, asthma and hayfever from
Phase 1 (1994–95) of the ISAAC Study25 for 6–7 year-olds were
13.0%, 18.4% and 9.8% compared to 9.8%, 12.8% and 1.5%,
respectively, in our controls of the same age.

This is the first large-scale study to use contemporaneously col-
lected primary care data to examine the association between child-
hood leukaemia and preceding allergy. Rigorous definitions of
allergy were obtained by refining clinical diagnoses of eczema,
asthma and hayfever, using additional criteria such as drug pre-
scriptions and flexural eczema. Although parental reports were
used to identify the subset of children with flexural rash, and mis-
classification is therefore possible, the evidence suggests26 that
mothers are able accurately to report the presence of visible flex-
ural dermatitis in their children. When restricting to clinically-
diagnosed allergy, the potential for incomplete ascertainment of
conditions treated outside primary care is balanced by a reduction
in the misclassification of allergy occurring in parental report. For
example, in our control population, the primary care records
revealed over 60% more children with eczema than were reported
by their mothers (32.5% and 26.2%, respectively). The observed
higher rate of refusal among control families in deprived areas is a
common feature of case–control studies and we adjusted for depri-
vation index in every model to minimise the effects of any possi-
ble selection bias. However, with our recent report of a lack of
association between socio-economic status and childhood leukae-
mia in the UKCCS,27 it is unsurprising that inclusion of this cova-
riate had little effect on reported risk estimates in these analyses.

The possible association between infections and allergy has
been examined in many epidemiological studies following the
advent of the �hygiene hypothesis� in the late 1980s.28 According
to this hypothesis, exposure to infections early in life propels the
maturation of the immune system towards the Th1 phenotype and
away from the Th2 phenotype and thus protects against diseases

generated by Th2-biased immune dysfunction, such as allergies.
Delayed exposure to infectious agents early in life should, there-
fore, increase risk of atopic disease. There are, however, continual
challenges to this hypothesis. Whilst contact with farm animals29

and use of probiotics30 have been shown to protect against allergic
disease, the evidence with respect to clinical infections is contra-
dictory and suggests that only specific microbes, such as measles
and tuberculosis, are protective.31,32 Further, there is evidence that
the prevalence of both Th-1 and Th2-related diseases are rising
and that some infections, in particular respiratory viral infections,
may actually precipitate development of allergic disease.33

The most plausible biological explanation for our findings
involves immune dysfunction. Since both innate and adaptive
immune responses are subject to genome-wide genetic variation,
functional polymorphisms in key cytokine genes may result in dis-
tinct genetic susceptibility profiles that influence the nature of
immune response to infectious agents. In a recent UKCCS report14

examining the relationship between infections and ALL we found
that, compared to controls, cases had more infectious episodes in
infancy; the differences being most marked in the neonatal period.
Thus, timing and chronicity of infectious exposure are likely to be
critical in the relationship between ALL and allergy.34 We are cur-
rently evaluating the roles of both allergy and infection in the de-
velopment of childhood ALL along with the potential for interac-
tion or effect modification of the associations we have previously
observed.
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