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@ Theileria annulata is an apicomplexan protozoan parasite of
cattle transmitted by ticks. The parasite causes an acute, often
fatal disease (tropical theileriosis).

@ Compared to other tick-transmitted diseases, tropical theileriosis
poses a particularly serious constraint to livestock production
due to the lack of resistance’.

1Gharbi M, Sassi L, Dorchies P, Darghouth MA. Infection of calves with Theileria
annulata in Tunisia: Economic analysis and evaluation of the potential benefit of
vaccination. Vet. Parasitol. 2006, 137(3-4):231-241.
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Diseases
Pathogens Main tick vector

1 Human granulocytic anaplasmosis

® =

2 Lyme disease

-

3 Babesiosis Distribution
7
3

4 Crimean-congo hemwrlvag\( fever

M

— &

5 Tick-borne encephalitis

® %

From Jos de la Fuente, et al. Published in Front. Cell. Infect. Microbiol. 2017 Tick-Pathogen Interactions and Vector Competence:
Identification of Molecular Drivers for Tick-Borne Diseases.
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Goal

Ultimate goal
@ To study climate change on transmission dynamics of tick-born
disease:

o Cattle population
@ Vector (tick) population

@ Investigate the impact of a range of hypothetical interventions:

@ On transmission.
@ On cost effectiveness.

Goal of this work

Study impact of climate change on tick life cycle duration, taking
account physiological stages.
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Figure: A schematic diagram for the model, identifying the input parameters

and the model output (predicted number of ticks of each stage).
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K Larvae hatching rate

+oo
> 1BRai(t) — ufh(t) — gPh(t),
i=1

Larvae: a
’ d/i (6
= —( T+ + gDty + g e (), i > 1.
Development stage, i € Z 4
Nymph density ) oo +~—— Tick mortality rate
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Well-posedness of the Model

Under assumptions of bouded function, A is generator of an
infinitesimal positive Co-semigroup, (Ta(t))r>0, on E.

Basic reproduction number formula

i—1

Ro = HO)H(0) Y- 2 ] %

— o+ Ga i &+ 94

with »
i
+oo H gz
BN =Y Ti— k=0 , forh=1,n.

=TI+ TR+l + gk
k=0
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Parameters

We simulate ticks population of larvae, nymph and adult densities
for a finite physiological structure (s;)i<n (n = 10), and reproductive
number of the population, Ry, for three different climate conditions:

@ Tropical climate (Senegal),
@ Mediterranean climate (Tunisia)
@ Subartic climate (Canada)

and two different periods: 1901 — 1925 and 1991 — 2015 (bank data:
Temperature and precipitation).
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Parameters

Climate change independents parameters

@ Interstate transition rate Tj’ : We suppose that there is no blood
meal limiting, therefore,

Foralli<nandj e {/,n}:

i Si — Smin
T} = Toax( 20y
Smax

with, 7 € R, a physiological parameter and T2« the maximum
transitions rate.

@ Larvae and nymph mortality, x and /,: We will overlook the fact
that larvae and nymph mortality depends on temperature and
precipitation ([Randolph1997], in the case of Rhipicephalus
appendiculatus in South Africa).



Background Tick physiological cycle modelling Math results Climate effect Discussion and conclusion
00000 0000 o 00®00000000 000000
Parameters

Climate change dependents parameters

Climate parameters = Temperature, T, and precipitation, pr. J

@ Following [Randolph1997,Estrada-Pena2013], we suppose that
both larvae hatching, 8/(T, pr), and adult mortality rate depends
on temperature and precipitation:

i | Bmaxexp(—0.594 + 0.016pr — 0.000215T) if T € [TI, Th

with Snax the maximum hatching larvae.

@ Adult mortality rate, .

(i = Jia + exp(4.299 — 0.016T). J
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Parameters

Development stage dependents on Arrhenius
function

Development stage, (g}),gn, with j € {/, n, a} depends on Arrhenius
function.
Foralltime t,all i < nandj € {/,n, a}: k the metabolic reaction rdte
(i.e. the Arrhenius function) at
-</ the absolute temperature (in
Kelvin), T
with g; is a normalising coefficients.

Metabolic reaction rate at T4

\\/ Arrenhus function
.

; ki exp(l ~ Iy W Te[T,TH .
k(T)= T,
0 if not ,

A chosen ref. temperatlire © o * 0 °

Where T € [T, T] the temperature tolerance range bound.
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@ We notice that the densities of larvae are higher, than those of
nymphs and adults.
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We notice that the densities of larvae are higher, than those of

nymphs and adults.
This difference decreases as we move southward according to a

positive temperature gradient from Canada to Senegal.

This observation is indicating the occurrence of a

Northward-Southward temperature and precipitations seasonal
gradient effect on tick moralities.
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Results

There is a clear difference in the fluctuations of
tick population densities between the three
different countries.

NNNNN

density)* 100

T w0 ws %0 % BRI
time (month) time (month)

() CA- 2 fummer — 160 () TN-efoummer — 2 () SN- & fummer — 1 {

@ In Canada: The adult population density varies between 0 in
winter and becomes equal to 160 in summer.

@ In Tunisia: The adult population density varies between 0 in
winter to 2 in summer.

@ In Senegal: the population increases from 2050 in winter to 2200
in summer.
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Inactivity period is longer as we move northward
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is active all along
the year, the activity
peaks of the three
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Hibernation implies the coexistence of stages.
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Results
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We showed an increase in the tick population in Canada due to an
increase of precipitation.



Background Tick physiological cycle modelling Math results

00000 0000 o
Results

Periode comparaison- CA

— larvea
120 Nymph

/ — Adult
100 \

80

log1o(pop. density)* 100

325 330 335 340 345 350 355 360
time (month)

() CA-1901 — 1925 () CA-1991 — 2015

350

300

250

200

150

100

logyo(pop. density) * 100

Climate effect
(elelelele]e]ele] lole]

Discussion and conclusion

000000

—— Larvea

N—— N — nympn
—— Adult

265 270 275 280 285 290 295 300

time (month)

showed an increase in the tick popula
‘ease of precipitation.



Background Tick physiological cycle modelling Math results Climate effect Discussion and conclusion
00000 0000 o 00000000800 000000
Results

Periode comparaison- CA

. P
. { s' \ " "“ j '\

1 \/ & J \ / w; VA

-30

200 300
1901
© e 1991
50
20
20
200 20 240 260 280 300

() Temp, pr



Background Tick physiological cycle modelling Math results Climate effect Discussion and conclusion
00000 0000 o 00000000080 000000
Results
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We showed an increase in the tick population in Tunisia due to both

an increase of the max temperature and an increase of the periode of
hight temperature.
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Results

Periode comparaison- SN
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In the opposite, in Senegal the predicted decrease is related to the
high precipitation in the begining of 20th century.
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According to our model, larva, nymphs and adult are predicted to be
present along the year at constant densities outside the periods of
density peaks, and adult are expected to be present over a long
period exceeding their usual activity season.

These discrepancies are probably consecutive to the intended
simplification of our model:

@ Assumption that larva and nymphs mortalities are constant.

@ The absence of consideration of others factors affecting free
stages tick survival in the environment [Barre2010a].

We should ramaind out that our goal is to develop the less complex
but enough informative model that could be applied to assess the
global effects of temperatures and precipitations evolution under
climate change on ticks population development.
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Our model revealed globally for the period 1995 — 2015
comparatively to 1901 — 1925, a clear trend for increased tick
densities in Canada (e.g. |. cookie) and in Tunisia (e.g. H. scupense).
Opposite results were obtained in Senegal (e.g. A. variegatum).

Accordingly, temperature and precipitations overall changes from
1901 — 25 to 1995 — 2015 are potentially more favorable to tick
development in Canada and Tunisia,

Tick populations may continue to expand if this dynamic of climatic
change is maintained and if other tick population regulating factors
are not coming into play.
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In Senegal our simulations are showing that tick population is
expanding infinitely within the two periods (1901 — 25 and
1995 — 2015).

This feature is associated to the absence of clear development
slowing under tropical climate.

Therefore, in Senegal the regulation of tick populations is probably
depending on other regulating factors which are probably more
important than in Canada and Tunisia, role of biotic factors e.g. tick
predators [Stachurski2010] and hosts genetic resistance
[Barre2010].
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We then simulate the temporal variations in population densities in
relation to the physiological structure and for each class, larvae,
nymphs and adults.
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