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Immuno- Of
iINfectious diseases

Primary interest: host-parasite interactions at the level of the organism,
and the effects of natural variation on the host's immune defences

Foremost interface of this interaction is the immune response

Biotic environmental factors: exposure via air, water, soil, vectors, & animal
reservoirs; population density; nutritional resource availability...

At the individual level:

e Physiological factors: age, sex, nutritional status, past and current
infections

e Immunity: resistance/susceptibility, tolerance/virulence, health...

At the Population: disease transmission, demographic structure & density



Wild Immunology

 Wild Immunology: how the immune system functions
given natural variation in coinfection history, variable
nutritional resources, etc. — emphasis on iImmune
mechanisms, with a view to inform intervention strategies
(see Pedersen & Babayan 2011)

* No lab experiment can satisfactorily simulate the
interplay of an individual with its natural environment

 However, knowledge derived from past and concurrent
lab Immunology Is crucial to disentangling causes &
effects of such variation



Crosstalk between lab & wild

Molecules,

cells, organisms

Organisms, populations,
ecosystems

In the lab: controlled
environmental and genetic
variation allows the study
of mechanisms that drive
immunity.

In the wild: how natural
variation affects the
expression of iImmunity
from individual organism to
population levels.



Old methods and new
opportunities

Swelling in response to Immunogenic inoculations: how to
interpret these, e.qg. sheep red blood cells or KLH?

Serology: antibodies available for many species, but is it always
a good enough predictor of protection? Detection limits”? Active
or past infection” Exposure or protection”

PCR & co: requires knowledge of genome — very small fraction
of target species have been sequenced

More recently, ‘'omics, and specifically de novo transcriptomes +
digital transcriptomics is often a necessary first step.
Challenging in its own way (e.g. Curse of dimensionality), but it
also opens up unprecedented insights into the study system



Basic requirements to stuady the
relevant species

Demographics: age, sex, reproductive status, weight,
fat scores, etc.

Diagnostics: pathogen presence and burdens

Immunology: for non-model organisms, a combination
of classical immune measures (differential leukocyte
counts, bacterial killing essays, etc) and, increasingly,
'omics

Computational biology: bioinformatics + scalable data
analysis




Resources for studying M. bovis
from a multi-host-pathogen angle

Mycobacterium spp. genome: see Stephen Gordon’s talk
next!

Bovine genome (Bos taurus): available, relatively mature, e.g.
bovinegenome.org; bovine gene arrays from Affymetrix, etc.

Bovine iImmune system relatively well studied, many reagents
available

Multiple host (‘reservoir’) species: badgers, fallow deer,... but
unlikely to have published genomes nor specitic
immunological reagents. => de novo assembly, reagent
development



http://bovinegenome.org

Protective iImmunity to
Mycobacterium

* Th1: IFN-y producing CD4+ T
cells (necessary but not sufficient
Journal of Immunology Research — Sia et al. 2015 f O r p r Ot e C.t | O n )

e vO T cells: up to 70% PBMC in
ruminants (5-10% in mice &
humans; badgers?). Functionally
diverse, innate/adaptive, anti-
bacterial, anti-lipid responses.

e |L-17: early production by yo T
cells improves protective memory
cells; late IL-17 (Th17) correlates
with reduced lesions (though not
necessary for protection)
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Preexisting helminth infection induces
inhibition of innate pulmonary anti-tuberculosis
defense by engaging the IL-4 receptor pathway
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Fasciola hepatica is associated with the failure
to detect bovine tuberculosis in dairy cattle
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Protein Energy Malnutrition during Vaccination Has Limited
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of and for heterologous immunity. Lancet 346: 1339-1345.
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'Short' list of predictors of anti-TB
protective immunity”

Pre-existing infections that might degrade or prevent
anti-M.b. iImmunity

Nutritional status: trade-offs between competing
physiological demands e.g. growth, pregnancy

T cell phenotypes (Th1, Th2, Th17), inflammatory
markers, chemokines

Age: parental effects in the young,
Immunosenescence In the old



Beyond observational data:
experimental manipulation

Selective parasite removal: insecticides,
anthelminthics, antibiotics, vaccines

Nutrition: food availability, distribution, and
quality

Inter-individual contacts: barriers, feeders, water
spots

Sampling: longitudinal + cross-sectional; non-
invasive + destructive



EXciting prospects

Immune system as a black box is largely behind us

We are getting better at studying non-model
organisms

Omics: cheaper and getting more powerful (come
to Graham Hamilton’s talk tomorrow!)

Data analysis: biology iIs starting to benetit from the
staggering progress in computer science



