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Why studying anthrax in the Arctic?

Anthrax 2016 outbreak
(EMPRES-I, source: OIE):
~2000 reindeer carcasses
110000 susceptible
animals .
1 reported human death

Increased survivability, shorter
developments rates and new
chains of transmission (e.g.
insects survivability)

Anthrax suitability is
predicted to expand and
increase within the next 30
years

1
+28.986: settlements in the Russian

Federation where cases of anthrax have
been reported since the end of the 19t

century

potential hotspots)

’.»bccurred between 1906 and 2004

2

Modification of the
migration routes and
shift of animals habitat
closer to humans

Host species could be
more stressed and
vulnerable

*6.688: cattle burial grounds defined
“stationary adverse” to anthrax in Siberia (i.e.

+270: settlements in Yakutia where outbreaks

Spores Host
released in Infection
the Germination
Environment into Bacilli

In animals: Edema,
hemorrhage and
sudden death

Anthrax is among the “climate-sensitive” zoonotic
pathogens?®

Thawing permafrost releases spores into the soil
from emerging wild or domestic ruminant
carcasses®
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Mathematical model of Anthrax transmission

Deterministic (continuous variables)

and
Stochastic (discrete variables)
formulations
/JJH > Susceptible Infected H
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dl = o
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Parameter  Units Definition Value
u [days—'] baseline mortality rate e
o [days—!] disease-related mortality rate Tq 0 Stochastic formulation
p [days™'] immunity loss Tt
o =& [days™'] spore decay rate W'%ﬁ ) )
X [days™'] removal rate of freshly released spores ﬁ Sand | discrete Van,ables
o [-] fraction of symptomatic infected 0.7 B, and B, real contlnuoys
Mo [-] probability of exposure to thawing-released spores (0-1) Occurrence of stochastic
Bo [day s (average) exposure rate - SUElE
7] [spores carcass ']  environmental spore released from infected carcasses
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Conditions for endemic

disease transmission

B(t) = fo (1 + egsin (%gt))

n(t) = epsin(4i=t) >0,
0 otherwise

Ro In the absence of B,

T B(t) = Bawy = cost
R n(t) = na’uj = const

Synchronous fluctuations of the
probability of exposure to permafrost-
released spores can sustain anthrax
transmission.

Lagged fluctuations of the probability
of exposure to permafrost-released
spores may hinder pathogen
establishment in the population
slowing or reducing anthrax
transmission
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Application to a realistic Arctic
environment:

the Lena River monitoring site!

Active Layer
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Active Layer Depth
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Application to the Lena River
monitoring site
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Application to the Lena River
monitoring site

=
:

(S
:

iy
jury
T

[
oo

Correlation Coefficient
(=]
>

f=}
ro
T

0 20 40 60 80 100

Annual anthrax incidence [%I/H]
= >
-
- -
l__ 4

= o [=2] =l [=-] =]
T T T T T

o
£
T

- El Pearson’s r = 0:83

2 30 3 40 4 50 55 60 6 70
Maximum thawing depth [cm]

Lag (years)

High values of the thawing
rate have a major impact on
the risk of anthrax
transmission, which
proportionally is higher in
warmer years, as the
probability to be exposed to
permafrost-released spores
increases.

Current transmission risk at a
given point in time is expected
to affect the magnitude of
future anthrax outbreaks,
because the spores released
by infected carcasses may
remain available on the soil for
decades before being removed
or stored.




Mapping anthrax suitability

Ecological Niche Model

MaxEnt applied to the coastal Arctic region?
Anthrax outbreaks locations + Spatial Environmental variables
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Mapping anthrax suitability

Additional sites to account
for old infected burial sites
(not available, sampled

randomly)
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Mapping anthrax suitability

Reindeers

The exact detection of areas potentially at risk is still difficult to
determine, since more detailed data are needed.
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Conclusions

now
T T

* Seasonal thawing -> increased risk of sustained disease transmission.
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* Prolonged periods of warming temperatures -> major risk of endemic

Annual anthrax incidence [%I/H]

dynamics T egt 3
* One measure to decrease the risk of infection associated to herding ::D sl
practices: in accordance to local (e.g. by moving earlier or later animals to S
. . . Maximum thawing depth [cm]
seasonal migration routes or transhumance sites).
* In order to map anthrax risk in the Arctic more detailed data are needed. —s2

Summer grazing areas or migration routes should be identified in order make
reindeer information more focused. Also, if possible, exact locations of
infected burial sites could help to improve precision of anthrax risk
prediction. More detail could help herding communities to outline areas
potentially at risk, and hence, to prevent eventual infections
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To account also:
* Low awareness of local populations

* Permafrost degradation combined with anthropogenic drivers (e.g. oil and
gas exploitation) -> increase probability to cross hazardous areas.






