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(for example the spread of smallpox in the
past by the movement of refugees; the risks of
typhoid in crowded insanitary refugee camps).

3. Physical stress may result from movement:

(i) lowering resistance and so increasing
susceptibility to -infection (for example
movements over distance, especially when
these are enforced as a result of natural
hazard or political disruption);

(ii) problems of under-nutrition and mal-
nutrition occurring in new environments;
the former through difficulties in making
economic adjustments, with periods of
unemployment and thus limited means of
acquiring food; the latter through the
difficulty of adjusting to new kinds of
food (for example movement from cereal
staple to root staple areas), and/or
difficulties associated with the preparation
of foods (such as movements which are
sex selective so that men move without
their wives to support them). .

4. Psychological stress may result from move-
ment because of sociocultural-economic
pressures in adjusting to new environments
(especially in rural/urban movements where
there are marked differences between the
personal contacts in small homogenous rural
communities and the impersonal nature of
large heterogenous urban communities). How-
ever adjustment mechanisms operate in urban
communities to assist newcomers, and rural/
urban/rural circulation allows the mainten-
ance of contacts with places of origin which
are socially and economically stabilizing.

CONCLUSION

In each cell of the typology it is possible to show an
association between a particular group of people
involved in that type of mobility and one or more
of the health hazards. It is evident that in epi-
demiological studies where it is important to
identify and classify different pathogens, and
possibly different vectors, it is also necessary to
recognize the variety of human factors involved with
particular reference to mobility. The attention and
expertise required for the understanding of human
factors is comparable to that required for patho-
gens and vectors. The forms of mobility outlined
have spatial and temporal dimensions which are
susceptible to quantitative geographical analysis,
comparable for example to the statistical analysis
of parasite/vector relationships in malaria de-

veloped initially by Macdonald and extended by
others (23, 24, 25). These analyses of mobility
cannot be done in isolation but should be in
association with medical and, if relevant, ento-
mological analyses. All are parts of a complex
whole which must be fully understood if satisfactory
measures are to be devised for the alleviation,
control and eradication of disease and the improve-
ment of health.

On a macro-scale the association of disease and
human mobility can only be neglected at consider-
able risk (26). This paper demonstrates the import-
ance of the association on.a greater variety of
scales and in greater detail than have been recog-
nized in the past.
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Human mobillity affects how pathogens spread
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Human mobility affects how pathogens evolve

The effects of host contact network structure on
pathogen diversity and strain structure
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But... how do humans move?

Bulk movement

The ‘gravity model’ The ‘radiation model’
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The National study
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The National study

Age distribution of contacts

0-4

5-9
10-14
15-19
20-24
25-29
30-34
-4 35-39
—44
-49
50-54
55-59
-84
-69

70+

40
{45
4 60
65

0-4r
5-9r
10-14F
15-19
20-24 1
25-29

35-39}
40-44 |
45-49}

55-59
60-64 -
65-69

70+

Klepac et al., Epidemics (2018)
introduction - national study - haslemere study - Strain dynamics



Day Il
Total Cases:

Movie credit: Julia Gog



The Haslemere study
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The Haslemere study
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Host structure
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Strain dynamics

Buckee et al., PNAS (2004)
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Simulating transmission
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Simulating transmission
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Typical output
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The transition to strain structure

strain dynamics



The transition to strain structure
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The transition to strain structure
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The transition to strain structure
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The transition to strain structure
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The transition to strain structure
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The transition to strain structure

20+ |
iiva

g 16 -
x /,@——‘@""@'"'@"'@ Daily
s 12° @1/ Quarterly
% I/I —e— Hourly
= 8- / Daily, random
g * Quarterly, random
@ —-6~- Hourly, random

strain dynamics



Immunity over time
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