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SUMMARY. For several years the Royal College of General Practitioners has been
collecting data supplied by local doctors throughout Britain on some infectious diseases
seen in their practices. We describe a method of computerisation of this information
and statistical analyses. We are investigating the influence of external factors such as
climate on the infectiousness of some diseases. A model is fitted involving a non homo-
geneous two-state Markov chain whose transition probabilities are governed by the
explanatory data.

Introduction

The effect of climate and weather conditions on the health and disease of mankind has
been studied since the time of Hippocrates; with the widening application of mathematics
to biology, efforts have been made to develop stochastic models to describe the spread
of infectious diseases (Bailey, 1957).

We felt that data gathered by the Research Unit of the Royal College of General
Practitioners at Birmingham on the weekly incidence of infectious disease provided an

opportunity for developing both a system for computerising large amounts of raw

information, and mathematical models which would assess the effect of some environ¬
mental variables on the incidence of disease. We particularly studied the correlation
between the incidence of different diseases from one week to another, and the effect of
weather on the spread and prevalence of these infectious diseases.

Method and results
(1) Computerisation of data
Each week the Birmingham Research Unit ofthe Royal College of General Practitioners
receives forms containing the incidence of several communicable diseases which have
been observed in the practices of about 70 recording doctors throughout the British
Isles. Over a number of weeks an incidence pattern emerges for each doctor. The data
for the three-year study period (January 1968 to December 1970) were transferred on to
19,000 punch cards at Surrey University, and subsequently the information was stored on
magnetic tape, in which form its repeated scanning for various purposes is relatively
simple. Table 1 shows the diseases investigated.

Each recording practice was paired with a local weather recording station and data
about some variations of climate such as mean air temperature, mean rainfall (in inches),
and mean bright sunshine (hours per day) were compared with the morbidity recorded.

(2) Correlations between diseases
The first aspect investigated was the association between the incidence of any particular
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TABLE 1
Classification of disease

disease in one week and its incidence in previous weeks. Correlations were also performed
between the incidence of one disease in the same or previous weeks, with the incidence
of other infectious diseases prevalent in the community. For each disease, lag correlation
coefficients were computed between its incidences in any one week and its incidence in
the preceding weeks, this lag ranged from one to five weeks. Table 2 contains the observed
lag correlations for some selected diseases. Rubella and measles show appreciable lag
correlations, particularly at intervals of one or two weeks, and this is to be expected in
view of their infectivity.

TABLE 2
Lag correlations of seven diseases

Similarly, cross correlations between different diseases were also examined; for
example an association might be apparent between the incidence of herpes zoster and
that of chicken pox several weeks earlier. Table 3 shows the correlations between
chicken pox and herpes zoster several weeks later, and in the bottom row the temporal
order is reversed. These cross correlations are of a very low order suggesting that the
prevalence of chicken pox in the community has very little influence on the prevalence of
herpes zoster.
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TABLE 3
Cross correlations for chickenpox and herpes zoster

(3) A Markov chain approach
A study was undertaken to develop a mathematical model which would assess the effect
of some of the different weather variables on the incidence of some infectious diseases.
We hoped to develop a mathematical approach to environmental factors and disease
morbidity in general.

Essentially the method adopted was that the disease traces would be compared with
similar traces for weather variables, allowing for the lag correlation of the former. For
simplification these incidences were reduced to a binary form, using the following method.
Any particular disease had an " epidemic threshold " defined, and if the incidence of that
disease was greater than this it was deemed an

" epidemic week", and represented by a
" 1". Similarly if the incidence was below this threshold it was deemed a

" non-epidemic
week " and represented by a " 0 ". Thus depending on the disease prevalence any given
week can assume one of two states, a 0 (low incidence) or a 1 (high incidence). The
numerical value for the " epidemic threshold "

was determined by substituting various
levels throughout the entire range of disease incidence, and determining the level which
gave the best result from observed data, when various statistical criteria were applied
e.g. a large number of transition counts.

The weekly incidence record of any one disease therefore became a chain of O's and
l's, and the probability of any one given week being an epidemic or a non-epidemic week
depended among other variables on the incidence ofthe disease in previous weeks. Such
a model is called a Markov chain and is essentially a sequence of events, with given
transition probabilities, with the simple property that the probabilities concerning the
next event in the sequence are determined by the present outcome, if this is given, and
in this case not on the outcomes of previous events.

The influence that the climatic factors may have on the chain of data was formulated
as follows. Supposing firstly that the present state this week is 0 (i.e. there is a low incidence
of any particular disease) and the weather is warm, is the probability of remaining in
state 0 next week higher if the weather becomes colder? To assess this variable, the
Markov chain was analysed, and transitions or changes from 1 to 0 or 0 to 1 were recorded.
The weather variable i.e. the temperature was then correlated with these transitions to
see if a rise in temperature converted a week from a

" non-epidemic week " to a
" epi¬

demic week."
A similar approach was also adopted starting with the initial state of 1, and transi¬

tions then compared with weather variables. Since there were three weather variables
the general variance ratio F test for discriminant analysis was applied. The results are
summarised in table 4. For various practical reasons only ten doctors' records were

analysed, and even then not every disease record was usable. The numbers of usable
records are displayed in the second row of the table, of these the numbers of significant
(at five per cent level) discriminations between 0 to 0 and 0 to 1 transitions and between
1 to 0 and 1 to 1 transitions are shown respectively in the rows labelled FO and Fl.

Disease 12 (rubella) and disease 183 (otitis media) give the firmest indication for
both types of transition i.e. starting at 0 or at 1. In other words for rubella four out of
the seven usable records produce significant evidence that the average weather associated
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with 0 to 0 transition differed from that for 0 to 1 transition; and that in three out ofthe
seven records the weather was similarly differentiated for 1 to 0 and 1 to 1 transition.
This illustrates that the incidence of rubella is probably affected by the weather.

Q.
O

_Q
O

TABLE 4
Summary of results of discriminant analyses

Fitted probability
(from the logit model)

Figure 1. Observed data compared with expected from mathematical model

(4) The logit model
A more formal model on which to base inference was now sought, the Markov chain
approach was retained but instead of the discriminant analysis an adaptation of the
standard technique for multiple logit regression was applied. The mathematical details
ofthis approach are to be found elsewhere (Crowder and Grob, 1975). Generally speaking
the model was used to predict the next state of the chain, given the present one and the
values of the weather variables. For example suppose that the present week was one of
low incidence for a disease (state 0) and the application of the model suggested a high
probability that the next week would also be of low incidence, if the following state is
actually observed to be zero the prediction was successful. Similar predictions were

computed for transitions starting from state 1.
In Figure 1 the predictions were compared with the observed data; the horizontal

scale is therefore the computed probabilities and the vertical scale is for the observed
transition proportions. There appears to be a good agreement between the model and
the data and so it is suggested that the Markov chain approach may be used for investi¬
gating various hypotheses.

One of the areas of interest was to what degree did climatic variables have any
significant effect on the development of the disease. For rubella (disease 12) and otitis
media (disease 183) the tests indicated quite strongly that this effect does exist; to a
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lesser extent, the same was also found to be true of measles (11), chicken pox (13) and
vomiting and diarrhoea both febrile and afebrile (303 and 304). Most ofthe fitted models
for the different diseases show clear evidence of chain dependency between one week
and the next. This approach at least accords with the known infectivity of the diseases,
had this not been an observed fact serious doubt would have been east on the validity of
this mathematical approach.

Looking at the weather effects more closely the main conclusions are summarised
in table 5. If vomiting/diarrhoea (febrile) is taken as an example, the first three entries

TABLE 5
The effect of the weather variables

for the weather variables 1, 2 and 3 are + +: this may be interpreted that on the basis
of the fitted model, weather variable 1 (air temperature) has a negative effect on transi¬
tions from state 0 i.e. if one week is of low incidence and if the air temperature increases
the probability that the following week will be ofa low incidence is diminished; conversely
an increase in either variable 2 (rainfall) or 3 (sunshine) enhances the probability of
remaining in a state of low incidence. The next three entries in the row are-. ; these
may be interpreted similarly, but in this respect the starting state is 1 (high incidence).
So higher values of the weather variables 1 and 2 favour the continuance of state 1 and
the dot for variable 3 indicates that the computational results are not consistent enough
for any clear inference.

Discussion
The spread of disease within a community must be the result ofa subtle interrelationship
between the virulence of the infecting organism, the level of the population immunity,
and other environmental factors which may either encourage or impede the spread of a

disease.
The use of a mathematical model which could be used to predict the probability of

an epidemic increasing, given a set of defined circumstances, could have real value in the
organisation of primary health care; hitherto influenzal epidemics have been generally
capricious and unpredictable in their appearance, albeit the morbidity they cause has
been considerable. The Markov chain approach appears to be fruitful and there is a high
correlation between its predictions and with the observed disease pattern in some
infective conditions. However, much must be done to refine this approach.

Although only three simple climatic variables were studied, weather is a combination
ofmany factors, and further studies will be directed towards more complex analyses. For
example the relative humidity within our living environment shows good correlations
with many infections of the respiratory tract. We suggest that this mathematical model
may well be applied to any environmental factor which illustrates chain dependency and
can be used in many epidemiological studies.

It has been found that some ofthe disease categories are not specific enough and the
predictive value of statistical analyses will be improved if this diagnostic ambiguity can
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be reduced. However, it is suggested that the potential information which may be obtained
from the careful study of accurate records of disease morbidity from general practice is
enormous, and justifies the organisation of networks of recording practices.
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Deafness.
f you can't do anything,
don't just do nothing.

There often comes a time when all deaf patients can do is learn to live with
it. One of the best things you can do then is introduce them to the RNID.

We run a welfare service, an information service that's one of the largest in
the world to be devoted to deafness, and laboratories with sound measuring
equipment.

In fact we can help your deaf patients in many ways. All you have to do
is ask.

Perhaps you'd like to see our leaflet ' What is the RNID? ' Or get some of
our publications for your waiting room. They include 'Clinical Aspects of
Hearing,' ' Special Aids to Hearing,' 'Conversation with the Deaf,' ' Highway
Code for Children' and posters on protecting hearing. And you may wish to
subscribe to our monthly magazine-Hearing-at £1.00 p.a.

Literature and advice are freely available to you. And the more you know
about the RNID, the more you can do for your deaf patients.

The Royal National Institute for the Deaf
(Patron: HRH The Duke of Edinburgh, KG)

105 GOWER STREET, LONDON WC1E 6AH
Telephone: 01-387 8033


