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Crohn's disease in Nottingham: A search for
time-space clustering
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SUMMARY All cases of Crohn's disease in the Nottingham area were ascertained and the date and
place of domicile and work at the time of onset of symptoms noted. Applying the Knox and Pike and
Smith tests for clustering of patients in time and space, no significant results were observed.

Further analysis of differences in time-space clustering between a group of patients and matched
controls is in hand.

Lesions resembling those of Crohn's disease in man
have been produced by inoculation of Crohn's
disease tissue into mice and rabbits. This and further
evidence that passage to a second set of animals can
be demonstrated suggests that a transmissible agent
could be responsible (Mitchell and Rees, 1970 and
1971; Cave and Mitchell, 1974). It therefore seemed
reasonable to attempt to explore the possible infec-
tious nature of Crohn's disease epidemiologically,
although attempts to confirm transmission by further
animal studies have been unsuccessful (Bolton,
Owen, Heatley, Williams, and Hughes, 1973).

Epidemiological evidence of the contagious or
infectious nature of a disease may be provided by
the observation of 'time-space clustering' of cases of
the disease. Knox was the first to suggest a statistical
technique for demonstrating clustering (Knox, 1963
and 1964), proposing that for all patients with onset
of disease in a defined area and time period, the
dates and places of onset be compared for all possible
pairs of patients. Significant numbers of such pairs
being 'close' in both time and space provides evi-
dence of clustering, and by this method Knox (1964)
showed clustering of cases of leukaemia in North-
umberland and Durham, and Pike, Williams, and
Wright (1967) demonstrated very significant cluster-
ing of Burkitt's lymphoma in Uganda. A disadvan-
tage of this Knox model is that it is applicable only
to diseases with short latent periods when an
association between time and place at the onset of
disease would be expected in relation to transmission
of that disease. Pike and Smith have generalized
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Knox's method (Pike and Smith, 1968) so that it
might be applied to diseases with possibly long
latent periods. The method involves postulating for
each patient a period of 'susceptibility' when he is
assumed to have 'caught' the disease, and a period of
'infectivity' when he could transmit the disease. The
patients' movements during these times, eg, places
of residence, must also be defined. All possible pairs
of patients are examined to determine the number of
pairs in the 'right' place at the 'right' time for
transmission of disease to have occurred, ie, one
person's time and area of susceptibility must overlap
with another's time and area of infectivity. Pike and
Smith have derived formulae for the expectation and
variance of the number of such links, assuming no
association between times and places of susceptibility
and infectivity, and thus the statistical significance of
observed links may be assessed.
We have applied both the Knox and Pike and

Smith generalized method to Crohn's disease in the
Nottingham area to look for evidence of an infectious
aetiology.

Method

All patients diagnosed as having Crohn's disease
between 1958 and 1973 and living in the catchment
area of the two Nottingham district general hospitals
were sought. The final area covered most of south
Nottinghamshire and parts of south-east Derby-
shire. The methods used to ascertain and verify the
260 cases have previously been described (Miller,
Keighley, and Langman, 1974). All patients, or their
surviving relatives, who lived or worked in this area
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Time between Distance between Places of Residence at Time of Onset (km) Total
Dates of Onset
(mth)

0- 025- 05- 075- 1- 15- 2- 25+

0- 10 2 3 2 11 11 17 866 913
2 E 3 5 5 13 18 18 849

6 - 0 4 3 3 1 3 1 1 20 850 904
2 3 5 5 13 18 18 841

12- 1 4 8 4 17 13 1 1 803 861
2 3 5 5 12 17 17 801

18- 3 1 6 0 7 20 19 781 837
2 3 5 5 12 16 17 779

24- 3 2 10 10 30 38 38 1370 1507
3 5 9 8 21 29 30 1397

36+ 13 22 40 46 83 134 125 6149 6612
12 20 40 37 92 129 131 6152

Total 21 35 70 65 161 227 230 10819 11628

Table I Analysis of all pairs of cases by home address and date of onset of disease (Knox's method)
0 = observed number ofpairs, E = expected number ofpairs

were interviewed to determine the dates of onset and distances were thus examined to detect evidence of
diagnosis of the disease, and all addresses from five clustering.
years before the onset of symptoms until 31 Decem-
ber 1972 for home, schools, and occupations. All Results
addresses were given from ordnance survey maps
grid coordinates to within 100 metres. By analogy Table I shows the number of pairs of cases whose
with the methods of infectious disease epidemiology onset dates were within the specified times of each
we examined our familial data (11 cases in five other, and whose places of residence were within
families) for clues as to the possible latent period of the specified distances of each other (observed: '0').
the disease. However, the differences between times The expected number of pairs, calculated assuming
of onset ranged from six months to over seven years, the absence of time-space clustering, is shown also
and suggested no obvious periods to be used in the (expected: 'E'). All results have been condensed and
model. A variety of different 'critical' times and figures rounded for publication, but tests of signifi-

Defined Period of Critical Period of Infectivity
Study Susceptibility Distance
Period (km) Onset to Onset to Onset to Onset Minus

Onset + Five Years Onset + Two Years Onset + Six Months Six Months to
Onset + Five
Years

O E 0 E 0 E 0 E

I January Onset 0-1 86 76 60 56 37 43 96 91
1958 to minus 0-25 213 195 151 142 108 106 244 230
31 December five years 0-5 609 562 430 406 306 304 690 638
1969 1 1427 1401 995 1006 731 753 1609 1577

2 3291 3197 2305 2281 1720 1730 3600 3480

Onset 0-1 52 48 26 28 14 181 57 59
minus 0 25 126 124 63 70 36 44 146 147
two years 0-5 359 357 189 201 120 125 414 412

1 918 930 483 517 290 321 1056 1071
2 2253 2212 1188 1226 734 768 2520 2464

Onset 0-1 33 33 15 15 4 7 35 40
minus 0-25 70 77 31 36 7 15 84 94
six months 0-5 195 212 91 97 34 40 230 251

1 525 562 229 257 86 106 625 667
2 1373 1387 588 627 242 261 1596 1604

Table II Analysis of all pairs by home address and date of onset of disease in cases diagnosedfrom
I January 1958 to 31 December 1972 (Pike and Smith's method)
0 = observed number of pairs, E = expected number ofpairs
'Variances are respectively: 12-4; 30 75; 87-7; 239-23; 620-61
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Defined Period of Critical Period of Infectivity
Study Susceptibility Distance
Period (km) Onset to Onset to Onset to Onset Minus

Onset + Five Years Onset + Two Years Onset + Six Months Six Months to
Onset + Five
Years

O E 0 E 0 E 0 E

1 January Onset minus 0-1 56 47 36 30 22 21 65 54
1958to five years 0 25 138 129 87 81 57 54 161 146
31 December to 0 5 371 347 237 220 143 146 435 404
1967 onset minus 1 912 883 568 554 361 365 1043 1012

two years 2 2142 2074 1359 1308 875 858 2365 2296

Table III Analysis ofall pairs by home address and date ofonset ofdisease in cases diagnosed from
I January 1958 to 31 December 1972 (Pike and Smith's method)
0 = observed number of pairs, E = expected number of pairs

cance were calculated on the original figures. The
260 cases have been reduced to 153 in this table by
specifying dates of diagnosis before December 1972,
dates of onset after January 1958 and before Decem-
ber 1969, and area of residence as defined above.
There is no evidence of an excess of observed pairs
in any cell of the table. A similar computation based
upon occupational addresses also produced negative
findings.

Tables II and III show the analysis of the data by
the method of Pike and Smith, using cases diagnosed
between 1 January 1958 and 31 December 1972.
For the purposes of this analysis, the study period
has been defined, with regard to date of onset, from
1 January 1958 to 31 December 1969 (table II) or to
31 December 1967 (table III). This time restriction
results in a rejection upon date criteria for both
infectivity and susceptibility, and the majority of
patients included will have both infective and
susceptible time periods.
The postulated periods of infectivity and suscepti-

bility are shown in the tables, the latter, it should be
stressed, being the time when the patient was not
only susceptible but also became infected. For each
patient pair, we determined whether these two times
overlapped, and if any of their places of residence
during these times were within the critical distances
of each other. Those used were 0 1, 0 25, 0 5, 1.0,
and 2-0 km. As before observed pairs (0) are shown
against expected numbers of pairs (E).
An approximate test of significance for comparing

O and E values on these tables is provided by
assuming the 0 values to be from a Poissonian dis-
tribution with mean equal to the E value. The
assumption is supported by the variance values,
calculated for a typical cell appropriately marked
(table II), and in no instance do the number of
observed links approach a statistically significant
excess over the expected number.

Discussion

No causal mechanism for Crohn's disease has yet
been established. By analogy of the symptoms with
those of infective diarrhoea, much time has been
devoted to the search for an invading organism,
but without success. In a second approach, the
lymphatic dilatation noted by pathologists and the
involvement of mesenteric lymph nodes in the
inflammatory process suggested, as a cause, an
agent causing obstruction to lymph flow. Thirdly,
since certain features of Crohn's disease are held in
common with ulcerative colitis, and patients with
either disease occasionally show a family history of
either or both conditions, and of certain other rare
conditions such as ankylosing spondylitis, it has been
suggested that genetic activity of a multifactorial
kind is partly responsible for the occurrence of
Crohn's disease (McConnell, 1971). The similarity
of the histological picture and the possible depression
of cellular immunity in sarcoidosis and Crohn's
disease (Verrier-Jones, Housley, Ashurst, and Haw-
kins, 1969) led to experimental attempts at trans-
mission of a causative agent to mice and rabbits in
both diseases (Mitchell and Rees, 1969; Cave,
Mitchell, Kane, and Brooke, 1973). This work led
us to search for epidemiological evidence of con-
tagion among patients with Crohn's disease using
tests for time-space interaction. The findings give no
support to the contagion hypothesis. However,
negative findings do not rule out the possibility of a
transmissible agent in the disease. We have stressed
that the Knox method may not be appropriate for
diseases with long latent periods, and the Pike and
Smith method only partly overcomes this problem,
since one must assume a similar latent period for each
patient, but if the latent period is long it is likely to
vary in duration. Tables II and III have only
examined a limited number of time periods, and we
may have chosen the wrong ones, though there
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are no data on which to base any such choice.
It is possible to find situations where the tests will
not detect clustering of a disease which is thought
to be infectious, because, for example, there is
probably a carrier state (Nye and Spicer, 1972).
Thus, although our findings lend no support to
the infection hypothesis for Crohn's disease, they
should not be taken as strong evidence against
it.
We are now attempting to analyse differences

between patients with Crohn's disease and matched
controls with respect to their places of residence and
social background, in the hope that more refined
comparisons will be possible.

It is a pleasure to record our thanks to the consul-
tants and general practitioners who sent us informa-
tion about patients, and to Miss J. R. Sibley.

This research was supported by a grant from the
Medical Research Council.
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