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TWO THEMES TO THE TALK

1) How does force of infection 

change with age?

2) Do host-parasite interactions 

change in hosts with different body 

sizes?



AGE IS DIFFERENT FROM TIME….

 Some patterns, some models, some quite huge patterns and lots 

of wild speculation!



3) GAMMA HERPES IN SEA LIONS

STD THAT IS A PRECURSOR FOR VIRULENT 

TUMORS



SEA LION WITH CANCER 

– SWOLLEN PERINEUM

JOINT WORK WITH LINDA LOWENSTEIN, 

FRANCES GULLAND AND BETH BUCKLES, 

UC DAVIS AND MARINE MAMMAL CENTER, 

SAUSALITO…AND WITH SARAH COBEY



STRUCTURE OF BASIC MODEL

 The models have three major components 

 Accumulation and loss of pollutant

 Mass action through time

 Transmission and impact of pathogen

 Frequency dependent, STD model.

 Initiation and promotion of tumor development

 Modified (dynamic) Doll & Armitage (1954).



GAMMA HERPES, DDT AND CANCER 

IN SEA LIONS
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GAMMA HERPES & TUMORS IN SEA LIONS



PREVALENCE AND INITIATION RATE

Relationships between prevalence and initiation rate
Average rate of promotion / herpes transmission, p=0.2
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Relationship between prevalence and initiation rate
Promotion rate / herpes transmission, p=2.0
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AGE-PREVALENCE IN BASIC MODEL

Age prevalence in live sea lions
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Age prevalence in 'washed-up' sea lions
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The proportion of sea lions with tumors is twice as high in the

‘washed ashore’ sample than in the ‘live’ population



AGE PREVALENCE & SEX

Age at sexual maturity = 3
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Age sexual maturity = 10
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AGE PREVALENCE CURVES

 Data from many human and wildlife diseases can be collected 

and presented in this fashion

 More characteristic of SIR pathogens

 Also called a serology profile

 Less common for SEI pathogens

 How do we interpret these patterns?



CDV in Minnesota Wolves CPV in Minnesota Wolves

Marie L.J. Gilbertson1, Ellen Brandell2, L. David Mech3, Shannon Barber-Meyer3,

Cara E. Brook4, Paul C. Cross5, Andrew P. Dobson6, Meggan E. Craft1 (in prep)



HYPOTHETICAL AGE-PREVALENCE CURVE
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HYPOTHETICAL AGE-PREVALENCE CURVE
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Let’s initially ignore maternal antibodies….



HYPOTHETICAL AGE-PREVALENCE CURVE
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So what is force of infection on animals in first age class to be exposed?



HYPOTHETICAL AGE-PREVALENCE CURVE

Proportion in age class 1 

Age class 2

Age class 3

Age class 4

Age class 5

22p p−

2 3 44 6 4p p p p− + −

2 33 3p p p− +

2 3 4 55 10 10 5p p p p p− + − +

p

Note that this begins to form a predictable series…..

Pascal’s triangle…



HYPOTHETICAL AGE-PREVALENCE CURVE

 Newly infected in each class.

 Age class 1

 Age class 2

 Age class 3

 Age class 4

 Age class 5

Now let’s plot these out…

p
2p p−

2 32p p p− +
2 3 43 3p p p p− + −

2 3 4 54 6 4p p p p p− + − +

Note that this corresponds to the relative risk of handling an animal of each age.

AND  Actual numbers of infected have to have rescaled by 

ratio of period of infectious to sampling period



EXPECTED AGE-PREVALENCE CURVE
Seropositive and infectious hosts
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FORCE OF INFECTION ON ANIMALS IN 

FIRST AGE CLASS TO BE EXPOSED?

 So what is ‘pi’?

 Well if transmission if ‘true mass-action’, then (in the absence of 

virulence)

 Probability of infection

 Force of infection,  

 So if we know age-prevalence, we can estimate Ro?
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WHAT ABOUT DIFFERENCES IN SUSCEPTIBILITY 

BETWEEN AGE-CLASS?

Assume there is an average probability of infection, pa and this is modified in 

each age class by an age-class specific relative rate of infection, wi.

1 aw p

2 2

1 2 1 22 ( ) ( )a ap p w w p w w p− = + −



HYPOTHETICAL AGE-PREVALENCE CURVE

Proportion in age class 1 

Age class 2

Age class 3

Age class 4

Age class 5

22p p−

2 3 44 6 4p p p p− + −

2 33 3p p p− +

2 3 4 55 10 10 5p p p p p− + − +

p

Note that this begins to form a predictable series…..

2 3 2 3

1 2 3 1 2 2 3 1 3 1 2 33 3 ( ) ( )p p p w w w p w w w w w w p w w w p− + = + + − + + +

Etc…



RELATIVELY EASY TO FIT TO AGE-PREVALENCE DATA

Chagas disease in Venezuela, 1960-69.



AVERAGE P AND TWO ESTIMATED W’S.

W3,w4,w5>>w1,w2



BUT WHAT DETERMINES THE AVERAGE 

RATE OF INFECTION FOR DIFFERENT 

HOST SPECIES? 

All sorts of subtle local climate, habitat, behavioral, genetic differences…

Or, one general thing?



UNDERLYING DEMOGRAPHY BASED ON ALLOMETRIC SCALING WITH BODY SIZE  

(DELEO AND DOBSON, NATURE 1997) 
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BASIC MULTI-HOST MODEL STRUCTURE..
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BUFFERING: DYNAMICS IN DD CASE

Between/within species transmission
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Would we see similar 

effects if Hosts of 

Different AGES 

illustrate different 

durations of 

incubation and 

Infectivity?

Between age class transmission 



WHAT ABOUT ALLOMETRIC SCALING 

OF BOTH HOST AND PARASITE?

Prepatent period x size Fecundity x size

(From Skorping, Read and Keymer, Oikos, 1991)



DeLeo, Gatto and Dobson, Parasitology, 2015



ALLOMETRIC SCALED DYNAMIC MODELS FOR 

PARASITIC NEMATODES AND THEIR HOSTS



INVASION CRITERIA VERSUS EQUILIBRIUM COMMUNITY



MODEL FIT AND OBSERVED DATA

What is the slope?



RELATIONSHIP BETWEEN HOST BODY SIZE AND NEMATODE PARASITE BODY SIZE

(SLOPE ~ 2, LARGER HOSTS HAVE DISPROPORTIONATELY LARGER PARASITES

HOSTS LIVE LONGER, SO PARASITES CAN GROW BIGGER AND BE MORE FECUND?)



Hatton, Dobson, et al, submitted. 





EMERGING QUESTIONS

 Do the dynamics of the Immune Systems Scale with Size/Mass of 
its Constituents.  Can we use this to make next generation models 
of immune systems (as food-webs)

 Do incubation periods and durations and infectivity change with 
host age?  Do these also change as virus and bacteria ‘age’

 How can we tease apart background rates of infection from 
age-dependent changes in susceptibility and transmission 
efficiency


