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Age-related diVerences in the incidence and immunological subtypes of acute lymphoblastic leukae-

mia (ALL) suggest that it may be composed of more than one disease entity, each with diVerent

aetiologies. Childhood leukaemia (of which the majority of cases are ALL) has been suspected of

having an infectious aetiology, but few studies have systematically examined ALL for clustering by age

group. The aim of this study was to examine ALL for evidence of space±time clustering of date and

place of diagnosis by age group. Knox space±time analysis was carried out separately for three diVer-

ent age groups: childhood (0±14 years), young adult (15±34 years) and older adults (35±79 years). Data

on 968 cases of ALL aged 0±79 years, arising during 1984±1993 in the areas covered by a specialist

population based register of leukaemias and lymphomas in parts of the U.K., were used in the analy-

sis. Space±time clustering of diagnoses was limited to children aged 0±14 years. It was more prominent

in those diagnosed in the period 1984±1988, than in those diagnosed in 1989±1993. The clustering may

indicate an infectious aetiology for childhood ALL, or could be the result of episodic exposures to

some environmental hazard. # 1999 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

Cases of acute lymphoblastic leukaemia (ALL) have a dis-

tinctive age distribution. Incidence rates peak in childhood at

around 3±4 years of age, followed by a steep decline, the dis-

ease being particularly uncommon between 25±60 years of

age, but then the incidence slightly rises again in old age [1].

In childhood ALL the majority of cases involve undiVer-

entiated precursors of B lymphocytes and display a

characteristic antigen (common-ALL), but in adults immu-

nological subtypes other than common-ALL are seen [2].

These age-related diVerences could indicate that ALL is

composed of more than one disease entity, with each one

involving diVerent aetiological factors. Childhood leukaemia

(of which the majority of cases are ALL) has long been sus-

pected of having an infectious aetiology [3±5]. Kinlen has

suggested that leukaemia rates in children may be raised fol-

lowing unusual levels of population mixing (such as occur

during the development of new towns) which may bring a

previously isolated population with a high proportion of sus-

ceptibles into contact with a hitherto unencountered infec-

tious agent [6]. It has also been suggested that ALL could

have a model of transmission similar to that of polio, where

late exposure to infection causes serious consequences, whilst

early exposure gives rise to trivial disease [7]. Late exposure is

associated with high socio-economic status, families with

small sibships, perhaps in more immunologically isolated

communities, all of which are features of cases of ALL.

Whilst there is accumulating evidence that childhood ALL

has an infectious aetiology, there is little evidence of this in

adults, apart from the association of HTLV-1 infection with

increased risk of adult T-cell leukaemia, after a long latency

period (over 30 years). Little is known overall about the

aetiology of the leukaemias, apart from evidence for a few risk

factors: ionising radiation, chemicals such as benzene and

chloramphenicol and some immunode®ciency disorders

[8, 9].
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If ALL does have an infectious aetiology, it might be

expected to occur in clusters, relating to the patterns of

exposure to the infectious agent involved. Most of the posi-

tive reports of space±time clustering of leukaemia (excesses of

cases occurring close together in both space and time) have

involved cases in children [10±16]. However, some investi-

gations have not found evidence of space-time clustering

[17, 18], whilst others have reported spatial clustering (loca-

lised persistent excesses of cases), but the spatial boundaries

and age limits used have varied [19±24]. There have been few

systematic examinations of whether ALL shows diVerent

clustering patterns in diVerent age groups and most studies of

ALL have concentrated on children, or used cases of all ages.

In this paper we report a systematic examination of high

quality data on ALL for evidence of space±time clustering of

date and place of diagnosis in three diVerent age groups:

childhood (0±14 years), young adult (15±34 years) and older

adults (35±79 years). Our hypothesis was that childhood

cases may have an infectious aetiology, but adult cases do

not, hence space±time clustering is expected among child-

hood ALL only.

PATIENTS AND METHODS

The case data came from a specialist registry of leukaemias

and lymphomas, the Leukaemia Research Fund Data Col-

lection Survey (DCS). At its beginning in 1984, this popula-

tion based registry covered approximately 40% of England

and Wales [25], but since 1988 the number of areas con-

tributing data has reduced, following rationalisation to make

them co-terminous with areas in which detailed epidemiolo-

gical studies are being carried out. The DCS collects data on

incident cases, employing uniform methods of case ascer-

tainment and stringent diagnostic/histological veri®cation and

combines high levels of ascertainment with timeliness of

registration [26]. Estimates of overall completeness of ascer-

tainment for leukaemias and lymphomas in 1989±1993

showed a decrease with age, declining from 98.5% in children

aged 0±14 years to 94.4% in adults aged 80 years or more. In

order to ensure analyses were based on a dataset with the

highest, continuous levels of case ascertainment, analysis was

restricted to cases of ALL aged 0±79 years arising in those

areas covered by the DCS throughout the period 1984±1993.

The data were examined for space±time clustering using

the Knox method [27, 28]. The null hypothesis is that cases

which occur close together in space should be no more likely

to occur close together in time than other cases, and vice

versa. All possible pairs of cases are assembled and classi®ed

according to their distances apart in space and time. The

observed number of pairs within short space and short time

intervals is compared with the number expected if the space

and time intervals between pairs are independent of each

other. For each space±time combination, calculation of

expected values eVectively uses the marginal totals of a 2�2

contingency table. Cases are assumed to be rare, independent

events, distributed as a Poisson variable. The signi®cance of

the departure of the observed number of close pairs (O) from

the expected number (E) is tested using d, where:

d � Oÿ E� �=sqrt variance O� �� �

and is distributed as the standard normal deviate, i.e. values

greater than 1.96 are signi®cant at the P = 0.05 level. This use

of the normal approximation was ®rst suggested by Mantel

[28] and is generally accepted [29]. We followed Mantel's

approach and used permutation to calculate the variance of

the number of close pairs, using the algorithm of Pike and

Bull [30].

The information needed for an examination of space±time

clustering patterns of diagnoses is date of diagnosis, grid

reference of address at diagnosis, sex and diagnosis for each

case; population denominators are not required. Cases with

incomplete grid references or incomplete dates of birth or

diagnosis were excluded. Separate analyses were carried out

for the age groups 0±14 years (childhood), 15±34 years

(young adults) and 35±79 years (older adults). The age

groups used were chosen as a crude surrogate for immuno-

phenotype. For example, we know that the majority of cases

in the childhood peak are of one subtype (common-ALL).

Ideally, we would have liked to have de®ned subsets based on

immunophenotype. However, this information was not avail-

able for all cases and its completeness also depended on the

time period over which data were collected, more information

being provided in recent years. For analyses of space±time

clustering it is important that ascertainment of cases is as

complete as possible, otherwise space±time clustering of

diagnoses will re¯ect clustering of case reporting rather than

case occurrence. We therefore felt it would not be appro-

priate to use data on immunophenotype to de®ne subsets in

our analyses. Table 1 shows, for each diagnostic group

examined, the number of cases included in the analyses.

There were 976 cases of ALL diagnosed in the counties cov-

ered by the DCS in both data collection periods and of these

only 8 (0.8%) were excluded from analysis because of

incomplete information.

As data were collected over a long period (1984±1993)

there was the possibility that there might have been a shift in

the temporal and spatial distribution of the population at risk.

If there had been such a shift, then any clustering detected

might be a re¯ection of joint space±time heterogeneities of

the population rather than of the cases. To reduce the eVects

of any such population shifts we analysed the data in two

separate 5-year periods.

Space±time clustering was examined using ®ve space

intervals (� 1 km, � 2 km, � 3 km, � 4 km, � 5 km) and 10

time intervals (same month, � 1, � 2, � 3, � 4, � 5, � 6, � 9,

� 12, � 18 months), i.e. 50 tests were carried out on each

Table 1. Details of acute lymphoblastic leukaemia cases used in

space±time clustering analyses

Total

cases

Cases from

counties in

both data

collection

periods*

Cases used in analysisy

1984±1988 1989±1993 Total

Age group

(years)

0±14 842 549 255 290 545

15±34 267 179 97 79 176

35±79 350 248 125 122 247

0±79 1459 976 477 491 968

*Counties contributing cases to both data collection periods were:

Avon, Cornwall, Cumbria, Devon, Dorset, Gloucestershire, Hum-

berside, Lancashire, North Yorkshire, Somerset, West Yorkshire.

yReasons for exclusion were one or all of: incomplete grid reference,

date of birth, or date of diagnosis.
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subset of cases examined. However, the problem of multiple

signi®cance testing is not as large as it may seem, since the 50

tests are not independent of one another, e.g. pairs of cases

diagnosed within 2 km and 3 months of each other are also

included in pairs of cases diagnosed within 3 km and 4

months of each other and so on. This correlation between the

results of tests means that the true signi®cance level of an

individual test is not greatly aVected [18, 29]. In this situa-

tion, adjusting results for multiple signi®cance testing using

the Bonferroni correction (dividing the critical signi®cance

level by the number of tests performed, giving P = 0.05/

50 = 0.001 as the critical P value for 50 independent tests at

the 0.05 level of signi®cance [31]) would be too conservative.

Instead, following an approach used by Rodrigues and

associates [32], we adjusted the critical P value for the most

signi®cant individual test by allowing a factor of 2 for multi-

ple testing within the same subset and then dividing by the

number of separate subsets of data examined. Our prior

hypothesis was that clustering would be found in childhood

cases only, the data were examined in two periods and so the

critical P value was taken as 0.0125 (0.05/4). Unadjusted P

values are given and interpreted as usual in the results, but for

space±time excesses to be interpreted as evidence of cluster-

ing, the most extreme P value for a signi®cance test in a given

age group must be below the adjusted critical value of 0.0125.

RESULTS

Children

Among children aged 0±14 years, diagnosed during 1984±

1988, there were signi®cant excesses of pairs diagnosed

within 1 km and at intervals from 1 month up to 6 months

apart (O/E ratios ranged from 3.01 to 2.26); also within 2 km

and in the same month (O/E = 2.96); together with non-sig-

ni®cant excesses of pairs diagnosed at distances up to 3 or

4 km and within the same month (Table 2). These data sug-

gest that childhood leukaemias cluster on date and place of

diagnosis, with excesses of pairs diagnosed between 1 and

4 km apart and at intervals up to 6 months apart. The pattern

of clustering seen among children diagnosed in 1989±1993

(Table 3) was weaker, but it also showed prominent (but

non-signi®cant) excesses of pairs diagnosed within 1, 2 or

3 km and the same month and a signi®cant excess of pairs

diagnosed within 4 km and the same month (O/E = 2.01).

The most extreme P value in either period was for cases

diagnosed within 1 km and 6 months in 1984±1988

(P = 0.0042, Table 2) and this was below the critical value of

P = 0.0125 set for the most signi®cant individual test.

Dividing the cases in both periods into ®ner age groups

showed that clustering was concentrated in children aged 0±9

years, with similar patterns among cases aged 0±4 years and

aged 5±9 years (data not shown), and among the cross-pairs

between these age groups, where one member of the pair was

0±4 years old and the other was 5±9 years old (Table 4,

results are shown for cases diagnosed in 1984±1988 only).

Among cases aged 10-14 years there were no signi®cant

Table 2. Cases of acute lymphoblastic leukaemia, aged 0±14

years, diagnosed during 1984±1988

Space (� km)

Time

(�mth) 1 2 3 4 5

All

distances

Same

month

Pairs 1 3 4 6 6 538

O/E 3.01 2.96 1.99 1.92 1.41

P* 0.0436

1 Pairs 3 5 6 10 13 1616

O/E 3.01 1.64 0.99 1.07 1.01

P 0.0356

2 Pairs 4 9 10 16 20 2603

O/E 2.49 1.84 1.03 1.06 0.97

P 0.0444

3 Pairs 5 10 13 21 29 3557

O/E 2.28 1.49 0.98 1.02 1.03

P 0.0406

4 Pairs 6 11 17 27 37 4549

O/E 2.14 1.28 1.00 1.02 1.02

P 0.0358

5 Pairs 6 12 20 33 45 5541

O/E 1.75 1.15 0.97 1.03 1.02

6 Pairs 9 18 28 43 57 6455

O/E 2.26 1.48 1.16 1.15 1.11

P 0.0042

9 Pairs 9 21 36 54 72 9180

O/E 1.59 1.21 1.05 1.01 0.99

12 Pairs 11 26 44 71 91 11 644

O/E 1.53 1.19 1.01 1.05 0.98

18 Pairs 13 35 57 96 127 16 538

O/E 1.27 1.12 0.92 1.00 0.97

All

times

Pairs

(Cases)

20

(39)

61

(99)

121

(126)

188

(148)

257

(162)

32 385

(255)

*P value shown only if P < 0.05 for test of O/E signi®cantly diVerent

from 1.00. Time and space intervals are cumulative. O/E, ratio of

observed number of pairs to expected number.

Table 3. Cases of acute lymphoblastic leukaemia, aged 0±14

years, diagnosed during 1989±1993

Space (� km)

Time

(�mth) 1 2 3 4 5

All

distances

Same

month

Pairs 1 3 4 9 9 714

O/E 1.73 1.98 1.35 2.01 1.49

P* 0.0294

1 Pairs 1 3 8 15 18 2177

O/E 0.57 0.65 0.89 1.10 0.98

2 Pairs 1 6 13 26 30 3455

O/E 0.36 0.82 0.91 1.20 1.03

3 Pairs 1 8 17 33 40 4753

O/E 0.26 0.79 0.86 1.11 1.00

4 Pairs 3 12 23 41 51 6088

O/E 0.61 0.93 0.91 1.07 0.99

5 Pairs 4 13 25 47 57 7372

O/E 0.67 0.83 0.82 1.02 0.92

6 Pairs 4 17 31 55 67 8571

O/E 0.58 0.93 0.87 1.02 0.93

9 Pairs 5 25 46 80 102 12 376

O/E 0.50 0.95 0.90 1.03 0.98

12 Pairs 10 35 65 109 136 15 905

O/E 0.77 1.04 0.98 1.09 1.01

18 Pairs 14 48 94 152 200 22 610

O/E 0.76 1.00 1.00 1.07 1.05

All

times

Pairs

(cases)

34

(53)

89

(121)

174

(168)

263

(197)

354

(208)

41 905

(290)

*P value shown only if P = < 0.05 for test of O/E signi®cantly diVerent

from 1.00. Time and space intervals are cumulative. O/E, ratio of

observed number of pairs to expected number.
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clusters in either time period (data not shown; O/E ratios

ranged from 0 to 1.77).

Adults

Cases in the age group 15±34 years showed no signi®cant

excesses in either calendar period (Table 5, results are shown

for cases diagnosed in 1984±1988 only). Among cases aged

35±79 years there was one signi®cant excess of pairs diag-

nosed within 3 km and 1 month (O/E = 2.35) in 1984±1988

(Table 6) and three signi®cant excesses in 1989±1993, invol-

ving pairs diagnosed within 1 km and 1, 9 and 18 months of

each other (Table 7).

None of the P values for the space±time excesses seen in

the adults was below the critical value of P = 0.0125.

It was concluded that clustering on date and place of diag-

nosis was con®ned to childhood ALL and was more promi-

nent in cases diagnosed in 1984±1988 than in 1989±1993.

DISCUSSION

Before discussing the main ®ndings, attention must be paid

to possible sources of artefactual clustering in this dataset.

This could be caused by selective exclusion of cases, but as

was shown in Table 1, only a very small number of cases

(0.8%) were excluded from analysis because of incomplete

information. More cases were excluded due to analysis being

restricted to those counties covered by the complete period of

data collection 1984±1993. However, this restriction

removed all cases from the relevant counties and did not

aVect those from the remaining counties at all, so it is diYcult

to see how this could have caused space±time clustering. The

dataset has a very high level of case ascertainment: a cross-

check of 1986 leukaemia and lymphoma registrations indi-

cated completeness of around 92% [33], whilst registrations

of ALL in 1989±1993 are estimated to be 98% complete

[26], making it unlikely that clustering could be due to loca-

lised variations in the reporting of cases. Finally, clustered

recognition of cases, perhaps due to increased vigilance fol-

lowing the detection of earlier cases, could cause artefactual

space±time clustering. However, this would also produce

corresponding de®cits of pairs of cases at the same distances

as the clustered pairs, but separated by longer time intervals.

Such a pattern was not seen here.

We found no evidence of space±time clustering of diag-

noses of ALL except among children aged 0±14 years where

it was more marked in 1984±1988 than in 1989±1993. There

were signi®cant excesses of pairs diagnosed at distances up to

4 km apart and at intervals up to 6 months, with the most

signi®cant individual excess involving 9 pairs of children

diagnosed within 1 km and 6 months of each other in 1984±

1988. The clustering was concentrated in cases under 10

years of age, but was present in pairs where children had been

diagnosed at diVerent ages and hence were born at diVerent

times. This suggests that the clustering on date and place of

diagnosis in these children could not easily be a re¯ection,

after some fairly regular latent period, of clustering on date

and place of birth, but seems to be a primary feature of onsets

Table 4. Cases of acute lymphoblastic leukaemia, cross-pairs aged

(0±4) (5±9) years, diagnosed during 1984±1988

Space (� km)

Time

(�mth) 1 2 3 4 5

All

distances

Same

month

Pairs 0 1 1 3 3 176

O/E 0.00 3.05 1.52 2.89 2.14

1 Pairs 0 1 1 3 5 530

O/E 0.00 1.01 0.51 0.96 1.18

2 Pairs 0 3 3 5 7 809

O/E 0.00 1.99 0.99 1.05 1.09

3 Pairs 1 4 5 9 11 1057

O/E 1.31 2.03 1.27 1.44 1.31

4 Pairs 2 5 7 11 14 1349

O/E 2.05 1.99 1.39 1.38 1.30

5 Pairs 2 6 8 14 18 1637

O/E 1.69 1.97 1.31 1.45 1.38

6 Pairs 3 7 11 18 23 1897

O/E 2.18 1.98 1.56 1.61 1.52

P* 0.0424 0.0430

9 Pairs 3 8 14 23 29 2703

O/E 1.53 1.59 1.39 1.44 1.35

12 Pairs 5 11 19 31 37 3387

O/E 2.04 1.74 1.50 1.55 1.37

P 0.0139

18 Pairs 5 12 21 36 46 4810

O/E 1.43 1.34 1.17 1.27 1.20

All

times

Pairs 7 18 36 57 77 9656

*P value shown only if P = < 0.05 for test of O/E signi®cantly diVerent

from 1.00. Time and space intervals are cumulative. O/E, ratio of

observed number of pairs to expected number.

Table 5. Cases of acute lymphoblastic leukaemia, aged 15±34

years, diagnosed during 1984±1988

Space (� km)

Time

(�mth) 1 2 3 4 5

All

distances

Same

month

Pairs 0 0 0 0 0 101

O/E 0.00 0.00 0.00 0.00 0.00

1 Pairs 0 0 0 0 0 280

O/E 0.00 0.00 0.00 0.00 0.00

2 Pairs 0 0 0 1 1 407

O/E 0.00 0.00 0.00 0.33 0.27

3 Pairs 1 1 1 2 2 570

O/E 1.36 0.48 0.37 0.47 0.39

4 Pairs 1 3 4 5 5 729

O/E 1.06 1.13 1.16 0.91 0.76

5 Pairs 1 3 4 5 6 875

O/E 0.89 0.94 0.97 0.76 0.76

6 Pairs 1 3 4 6 7 1033

O/E 0.75 0.80 0.82 0.77 0.75

9 Pairs 1 3 5 9 10 1490

O/E 0.52 0.55 0.71 0.80 0.74

12 Pairs 1 5 8 13 18 1991

O/E 0.39 0.69 0.85 0.87 1.00

18 Pairs 2 8 12 18 24 2780

O/E 0.56 0.79 0.91 0.86 0.96

All

times

Pairs

(Cases)

6

(11)

17

(30)

22

(36)

35

(47)

42

(49)

4656

(97)

No P value was < 0.05 for test of O/E signi®cantly diVerent from

1.00. Time and space intervals are cumulative. O/E, ratio of observed

number of pairs to expected number.
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of childhood ALL. Similar ®ndings have been reported from

other studies of childhood leukaemia in Britain, with cluster-

ing at intervals of 1 km and 3 months and 3 km and 6 months

[12] and at intervals up to 5 km and 9 months apart [14] and

since there is no overlap between those data and this dataset,

the ®ndings reported here are another, independent demon-

stration of clustering of onsets of childhood ALL. A recent

European collaborative study of childhood leukaemia has also

reported signi®cant space±time overlap of onsets of cases in

small areas of high childhood leukaemia incidence, suggesting

that postnatal exposures may be more important than in utero

exposures [16].

The sensitivity of any method of detecting clustering will

be reduced if the disease has a long latent period. This could

result in migration of cases (before disease has been diag-

nosed) out of the area covered by data collection, so leading

to `missed' cases. Similarly, a variable latent period would

make it more diYcult to detect clustering of the cause of a

disease, using date and place of diagnosis, because cases who

were initiated together would not necessarily manifest their

disease at the same time. Both these problems may have

aVected our ability to detect clustering in adult ALL.

The pattern of clustering reported here could be inter-

preted as evidence that an infectious process is involved in the

aetiology of childhood ALL. The ®ndings could also result

from a promoting factor which prompts clustered onsets or

causes symptoms which lead to clinical examinations during

which the malignant disease is discovered. This factor may

itself be a recent infection with some unknown agent [34].

The diVerence in the prominence of clustering in children

between the two time periods is intriguing. It may be related

to diVerent levels of exposure to infection in the period 1984±

1988 compared with 1989±1993, either due to diVerent pre-

valences of infectious agents, or to a change in patterns of

behaviour which resulted in diVerent opportunities for expo-

sure to infection. Published information on noti®cations of

selected infectious diseases and laboratory identi®cations of

viruses over the period 1984±1993 [35] showed that there

were markedly fewer identi®cations in 1989±1993 compared

with 1984±1988 of Echovirus (1984±1988, 7880; 1989±

1993, 4129), Herpes simplex (1984±1988, 81275; 1989±

1993, 53786), Varicella zoster (1984±1988, 2736; 1989±

1993, 1343), In¯uenza B (1984±1988, 5100; 1989±1993,

3316), Polio virus (1984±1988, 2683; 1989±1993, 531) and

Rubella (1984±1988, 7728; 1989±1993, 3545). There was

also a change in the reported rates of in¯uenza and in¯uenza-

like illness, decreasing from a level of around 3360 newly

diagnosed episodes per 100 000 in 1984±1988 to around

2272 per 100 000 in the period 1989±1993. Whilst by no

means conclusive, these patterns are suggestive that there

were diVerences between the periods in levels of exposure to

certain infectious agents.

It is also possible that the clustering is due to episodic

exposures to some environmental hazard, or that exposure to

Table 6. Cases of acute lymphoblastic leukaemia, aged 35±79

years, diagnosed during 1984±1988

Space (� km)

Time

(�mth) 1 2 3 4 5

All

distances

Same

month

Pairs 0 0 1 1 1 111

O/E 0.00 0.00 1.49 0.98 0.73

1 Pairs 1 1 5 5 6 351

O/E 2.45 1.05 2.35 1.55 1.39

P* 0.0382

2 Pairs 1 2 7 8 9 609

O/E 1.41 1.21 1.90 1.43 1.21

3 Pairs 1 2 7 9 10 835

O/E 1.03 0.88 1.38 1.18 0.98

4 Pairs 2 3 9 13 16 1087

O/E 1.58 1.02 1.37 1.31 1.20

5 Pairs 2 4 10 14 19 1318

O/E 1.31 1.12 1.25 1.16 1.18

6 Pairs 3 5 11 17 22 1572

O/E 1.64 1.17 1.15 1.18 1.14

9 Pairs 4 7 16 22 31 2230

O/E 1.54 1.16 1.18 1.08 1.13

12 Pairs 4 12 20 29 39 2893

O/E 1.19 1.40 1.14 1.09 1.10

18 Pairs 4 11 26 38 48 4053

O/E 0.85 1.00 1.06 1.02 0.97

All

times

Pairs

(Cases)

9

(15)

21

(30)

47

(43)

71

(56)

95

(67)

7750

(125)

*P value shown only if P = < 0.05 for test of O/E signi®cantly diVerent

from 1.00. Time and space intervals are cumulative. O/E, ratio of

observed number of pairs to expected number.

Table 7. Cases of acute lymphoblastic leukaemia, aged 35±79

years, diagnosed during 1989±1993

Space (� km)

Time

(�mth) 1 2 3 4 5

All

distances

Same

month

Pairs 0 0 0 0 0 124

O/E 0.00 0.00 0.00 0.00 0.00

1 Pairs 1 1 1 1 2 352

O/E 5.24 3.49 1.40 0.68 0.86

P 0.0384 0.1453 0.7205 0.6782 0.8165

2 Pairs 1 1 1 4 5 581

O/E 3.18 2.12 0.85 1.64 1.30

3 Pairs 1 1 2 5 6 783

O/E 2.36 1.57 1.26 1.52 1.15

4 Pairs 1 1 2 7 8 1041

O/E 1.77 1.18 0.95 1.60 1.16

5 Pairs 1 1 2 7 8 1274

O/E 1.45 0.97 0.77 1.31 0.95

6 Pairs 1 1 2 7 8 1490

O/E 1.24 0.83 0.66 1.12 0.81

9 Pairs 3 3 6 13 16 2136

O/E 2.59 1.73 1.38 1.45 1.13

P 0.0265

12 Pairs 3 3 7 15 19 2695

O/E 2.05 1.37 1.28 1.33 1.06

18 Pairs 4 4 10 20 26 3812

O/E 1.94 1.29 1.29 1.25 1.03

P 0.0342

All

times

Pairs

(Cases)

4

(8)

6

(12)

15

(25)

31

(44)

49

(56)

7381

(122)

*P value shown only if P = < 0.05 for test of O/E signi®cantly diVerent

from 1.00. Time and space intervals are cumulative. O/E, ratio of

observed number of pairs to expected number.
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such a hazard could render the immune system more sus-

ceptible to subsequent infection and ultimately lead to clus-

tered diagnosis of cases. To take the investigation further will

require detailed investigations of the locations, medical and

occupational histories of the cases and a suitable set of controls.
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