PATHOGEN INTERA




TWO THEMES TO THE TALK



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

of wild speculation!

AGE IS DIFFERENT FROM TIME....



3) GAMMA HERPES IN SEA LIONS
STD THAT IS A PRECURSOR FOR VIRULENT
TUMORS



| | & |
JOINT WORK WITH LINDA LOWENSTEIN,
FRANCES GULLAND AND BETH BUCKLES,

UC DAVIS AND MARINE MAMMAL CENTER,

SAUSALITO...AND WITH SARARH COBEY



The models have three major components

Accumulation and loss of pollutant
Mass action through time

nission and impact of pathogen

STRUCTURE OF BASIC MODEL



‘Susceptible Initiated Promoted Tumours
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GAMMA HERPES, DDT AND CANCER

IN SEA LIONS



GAMMA HERPES & TUMORS IN SEA LIONS

Age prevalence in live sea lions
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Relationships between prevalence and initiation rate
Average rate of promotion / herpes transmission, p=0.2
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PREVALENCE AND INITIATION RATE

Prevalence

Relationship between prevalence and initiation rate
Promotion rate / herpes transmission, p=2.0
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Age prevalence in live sea lions Age prevalence in 'washed-up' sea lions
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AGE-PREVALENCE IN BASIC MODEL

The proportion of sea lions with tumors is twice as high in the
‘washed ashore’ sample than in the ‘live’ population



Females Males

Age at sexual maturity = 3 Age sexual maturity = 10
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AGE PREVALENCE & SEX



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

pathogens

AGE PREVALENCE CURVES



CDV In Minnesota Wolves CPV In Minnesota Wolves
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Marie L.J. Gilberison', Ellen Brandell?, L. David Mech3, Shannon Barber-Meyer3,
Cara E. Brook?, Paul C. Cross®, Andrew P. Dobsoné, Meggan E. Craft! (inprep)




Maternal
antibodies




Let’s initially ignore maternal antibodies....




Proportion
Infected Iin

their first
year of

Animals to similar to
differentiate into

So what is force of infection on animals in first age class to be exposed?



Proportion in age class |

Age class 2
Age class 3

Note that this begins to form a predictable series.....
Pascal’s triangle...



Newly infected in each class.

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

Now let’s plot these out...



Seropositive and infectious hosts
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So whatis ‘pi'e

lon if ‘true mass-action’, then (in the absence of
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2 P— p2 = (W1 +W2) P, — (W1W2) p:

Assume there is an average probability of infection, paand this is modified in
each age class by an age-class specific relative rate of infection, wi.



Proportion in age class | D
Age class 2 2p—p°

Age class 3

Note that this begins to form a predictable series




RELATIVELY EASY TO FIT TO AGE-PREVALENCE DATA

Age-prevalence curve fit with constant "Fol"
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Chagas disease in Venezuela, 1960-69.



Age-prevalence curve fit with variable "Fol"

—— QObserved infected
—— Const
Age-Dep

W3,w4,wb>>w1 w2



B WHAT F
RATE OF INFECTION FOR C
HOST SPECIES®
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Susceptibles Allometric scaling of all birth and death rates
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BUFFERING: DYNAMICS IN DD CASE
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Between/within species transmission



Between age class transmission




Prepatent period x size Fecundity x size
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Fig. 1. Log-log plot of the association between prepatenc Fig. 2. Log-log plot of the associations between prepatency
period and female body volume across generic n?carl:s. r __!_'- period and fecundity across generic means. r = 0.77,. B = 2.66,
0.70, B = 2.61, p < 0.0001, n = 31 genera, based on 49 species. p < 0.0001, n = 19 genera, based on 28 species.

WHAT ABOUT ALLOMETRIC SCALING
OF BOTH HOST AND PARASITE?

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



Table 1. Summary of main model parameters and their allometnc relationship with body size, along with unit of measure, the corresponding reference and the
formula used to compute them. W [kg] is host bodv size and £2 [mm®] is parasite bodv size. Data for prepatent and patent period were extracted from Fig. 3 of
Skorping et all (1991} and analvsed with Ranged Major Axis Regression on the log-log transformed dam wich LMODEL2 in R: slope = 14958, confidence interval
[(-839, 2-405]; intercept =+ 142, confidence interval [=2:-706, 2:211]; n= 24, r=0-66, P < (K}
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ALLOMETRIC SCALED DYNAMIC MODELS FOR
PARASITIC NEMATODES AND THEIR HOSTS

Parasite Body Size Q (mm™)
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INVASION CRITERIA VERSUS EQUILIBRIUM COMMUNITY
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What is the slope?
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Host body size [kel

Fig. 2. The relatonship between host body size and
parasite body size. The open squares represent the dara
derived from Morand ef ol (1996). The thick grey line
represents the body size of the parasite dominant species
for any host body size. The lower and upper dashed lines
delirnit the range of parasite size 07 and 07 able o invade
and establish in a population of uninfected hoses at
mrrying apadly as predicred by our theoretical maodel.
The upper and lower black lines delimit the range of
baody sizes {1y and £2; of parasives that can invade and
woexist with the dominant spedes. (A) Clumping
pararmeter k= 0-01; (B) k=0-1; (C) k= 1.
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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<)



A. Metabolism B. Abundance
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Fig. 1. Scaling of ecological variables with body mass across taxa. Points are separate
species average values or minimum values in the case of basal metabolism, except for plants and
data unresolved to species level. The number of data points is n. Scaling exponents k and 95%
confidence intervals are shown in the insets, except for birds and bacteria, shown in grey (birds are
maostly masked by mammals). Black circles are humans, with range shown in B for the 1000 largest
cities and 300 hunter-gatherer communities (not included in n). Regressions are in Sl.

Hatton, Dobson, et al, submitted.




A. Specific metabolism  B. Specific growth C. Cell size
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Fig. 3. Mammal range in specific metabolism, growth and cell size. Mammal basal metabolism
and reproductive growth are shown as grey points in A and B, corresponding to the red points in

Fig. 2 A and D, respectively. HRegressions are in Sl.

A. Mammal specific metabolism across different activity states. Maximum (k = -0.07) and minimum
torpor (k = -0.04) are compared with basal rates (grey points; kK = -0.28), and three types of
experimental cell cultures: skeletal, hepatocyte and fibroblast, where the sizes of the latter two are
shown in C. Data are not temperature corrected for reasons outlined in Methods, but would shift
torpor closer to basal rates.

B. Mammal specific growth across different life stages. Ontogenetic growth (kK = -0.28) and
prenatal growth (k = —-0.29) are compared with reproductive growth (grey points; k = -0.28).

C. Mammal average cell sizes. Cell volume was converted to mass assuming 1 gram=1012 ym3.
Sperm and egg cells are excluded and are typically the smallest and largest cells, respectively.
Grey dashed lines are regressions for other specific cell types naot listed. In total, only six of 28 cell
types show significant positive relations: adipocyte, epidermis, alveolar macrophage, and three
types of neurons, all with shallow slopes of k< 0.2.




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’

ve tease apart bockground rates of infection from
eptibility and transmission

EMERGING QUESTIONS



