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* Cx. pipiens —incompatibility
* 1924, Hertig and Wolbach

* Insects
* Est. 60-70% of insect species
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control of Aedes

* wMel x
* wMelPop

* WAILbB

. WAlel



.. Cytoplasmic
Maternal Transmission ,~ "~ . .
Incompatibility

A) 8) C)

O ) (M) | S

Infected female Infected fermale Uninfected female
+ Infected male + Uninfected male + Infected male

Unhatched eggs

Population

Wolbachia pipientis

Incompatible Insect Technique

e Male releases = SIT
e [IT-SIT

* Local suppression/elimination

* |deally n.s. fitness/performance
effects on released males



Cytoplasmic

Maternal Transmission L
Incompatibility

s s | s Wolbachia pipientis

Infected female Infected fermale Uninfected female
+ Infected male + Uninfected male + Infected male

Pop. Replacement

* I[Increased and self-sustained Wolbachia
frequencies

* [deally n.s. fitness/performance effects

Infected mosquitoes Infected mosquitoes Unhatched eggs

e i e e -

oo e "I e S e e
B . . e e A . .
- NN PR  WMPB*-based decreased transmission
4 Mosquitoes without PPN bl al-a risk
P o i o
§| mm . *Wolbachia mediated pathogen blockin
] BARATADATSRORA IS DRALSS olbachia mediated pathoge ocking
Cl oo e AT T T Mosquitoes with | * ZKV, CHKV
B e hd e Wolbachia =
-
i e e e e S o




Dengue Incidence per 100K

Dengue Incidence per 100K

Dengue Incidence per 100K

wAlbB based replacement to tilt the scale?!

Trials - Malaysia

Wo1 woz2 wo3
100C 1 80C 1.0 1 0o
( 0 600 ) 893.75
50¢ 400 )5 §2.50
250 200 = ) 31.25 2
| M Lo A . W I‘., ;‘!‘ » o ol < .-J%__J- —ﬂ-_g.._ .....
2014 2018 2018 ( 2014 01 018 202X 202 014 2016 018 XX
W04 W05 wWo7

*‘L_.p..- .,,...L £ ,:‘m___

2016 2ama ne2 2014 2016

wos wo3g wio

— -;‘{_ﬂzgﬁﬁ e o o n.___,.;;;,:;g,\_\;;ﬂ

2014 2016 2018 2020 022 2014 2016 2018 2020 2022 2014 2016 2018

Figure 3. Incidence of dengue in release sites, 9/20

Data are black dots, the posterior mean predicted incidence is represented by the black
lines, with the 95% predictive interval in gray. The period of Wolbachia release and mean
frequency of Wolbachia are also provided (blue region; first level is the release period,

second is after releases finished).

Hoffmann AA, Ahmad NW, Keong WM, Ling CY, Ahmad NA, Golding N, Tierney N, Jelip J, Putit

PW, Mokhtar N, et al. 2024. Introduction of Aedes aegypti mosquitoes carrying wAlbB

Wolbachia sharply decreases dengue incidence in disease hotspots. iScience. 27(2):108942.
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Fig 1. Proportion of eggs hatched from Wolbachia-infected Ae. aegyptireared at cyclical temperatures. Wolbachia-infected
females were crossed to Wolbachia-infected males reared at cyclical temperatures for the (A) wilel, (B) wAlbB and (C) wMelPop-CLA

infections. Both sexes were reared under the same temperature regime and then crossed together at 26°C. Each data point shows the
proportion of eggs hatched from a cage of 7 females and 7 males (n = 6 replicates per cross). Numbers for each bar denote the total
number of eggs scored per cross. Error bars show 95% confidence intervals.

Ross PA, Wiwatanaratanabutr |, Axford JK, White VL, Endersby-Harshman NM, Hoffmann AA. 2017.
Wolbachia Infections in Aedes aegypti Differ Markedly in Their Response to Cyclical Heat Stress. PLoS
Pathog. 13(1):1-17.



Ecological Dynamics of Aedes aegypti-Wolbachia
pipientis wAIbB Strain Interactions

Aim 1

Aim 2

Aim 3

To assess the environmental effects of combinations of initial larval density and
temperature treatments on wAlIbB stability and the role of wAlbB on
differential effects on mosquito fitness and performance in laboratory
conditions — single generation approach

To assess the population level effects of wAlbB and the stability of wAlbB in
semi-field conditions — multiple generation approach

To assess the long-term consequence of observed wAlbB-mediated effects on
its invasion dynamics withing WPR through modelling - integration through
established model




Experimental Design

Temperature regime Aedes aegypti line Initial larvae density

Low - 50 larvae

MID .

Constant temperature w High - 500 larvae

o Low
27° C

( ) MID High
Fluctuating temperature WMID Low
High
(Dally fluctuation, 27 - MID Low
40° C) High

4 buckets constituted a complete treatment, N=32 buckets

2-liter plastic buckets, 1 liter of RO water

0.1 grevery 2 days, liquid diet

» Sifted beef liver powder ($<120 micron)

Relative Humidity 60%
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Stability of wAlbB and CI offset
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Female biomass
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Mosquito performance |
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Mosquito performance I
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Conclusions

* Differential effects of assessed treatments (Wolbachia infection
status, temperature, and larval density) across mosquito sexes
and life stages.

* Realistic conditions may not impact dramatically the stability
of WwALlbB infection in A. aegypti.

* Understanding the ecological consequence of A. aegypti-wAlbB
Interaction is complex

* Life history tradeoffs under conditions faced by natural populations
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Aim 1
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Aim 3

To assess the environmental effects of combinations of initial larval density and
temperature treatments on wAlIbB stability and the role of wAlbB on
differential effects on mosquito fitness and performance in laboratory
conditions — single generation approach

To assess the population level effects of wAlbB and the stability of wAlbB in
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To assess the long-term consequence of observed wAlbB-mediated effects on
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established model
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Methods

Line / Treatment Low dens. High dens.
house house
WMID 1 pop 1 pop
MID 1 pop 1 pop

Questions

 How do population dynamics compare
between infected and uninfected lines?

* What happens to wAlbB at the end of
the experiment?

No:
* Low; 5%, 53, 50 eggs
e High; 30%, 303, 150eggs

Bloodfeeding:
» 3 days/week
* 30 minutes per day



High initial density
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T T T T T T T T T T T T T T T T T T
Q =3 =] =] Q o =] =] =] =1 Q =] o o Q =] o =] o
0 =] n =1 o =1 o =1 rel @ & - @ © < [
o =] ~ o N =] ~ s} 3

@ouepunge 663

Abundances

QouepUNgE 9BAIET

souepunge sedng

@ouepuNnge syNpy

T
15

10

T
15

T
10



Abundances - Effect plots

Line

High initial density
1
10

4
- e e §
=
- w - o )
L o L o - o
17 1T T T T 1 1T 1T T 1 T 1T 1
oS o'y o€ o¢ g€ SeC Sl 14 € 4 L
(%)
=)  zouepuNqge S}Npe UO Joaye pawwns (g 2oUBpUNgE B|EWS} UO }0aye pawwng (g 2oUEBpuUNgE 8jeW UO }0aya pawwng (4
>
©
_ o _ o _ o
A 3 « ~
mnw [ w [ v TS
=
=
7]
c
[}
© x
© - 2 L o | o 2
= - T Tz
£
2
=]
-
- w o )
, L o L o ' L o
T 1T T T 1 1 1T 1T 1 1T T 1T T
9 6 ¥ ¢ ¢ | v € 2 L 0 S ¥ € 2 L 0
aouepunge sjinpe uo J08)e pawwng (y 80UBpUNGE 3[BWS} UO 19848 pawwng (9 29oUBpUNQE B[BW UO Joaya pawwng (3
o’ o O+ O
. O _ o _ o
« « «
.m;mm | © [ v L v
2
(7]
c
[F]
d e
© I} | o . o 2
= =4 - S
£
=
2
I
- v - o - v
(7]
|
Im L o — L o L o
T 1T T 1 T 1T T 1T 1 | O N |
m L 9 § v € 9 ¥ ¢ 0 ¢ v v < c 9-
w aouepunge sb6s uo Joays pawwng (g 2oUBpUNgE BAJE| UO J0a8 pawwng (g asouepunge aednd uo }0aye pawwng (4
]
m — & — 9 — o
m « « «
L] /
I - - o
>
-
0
=
(]
© x
© ) . o e .8
£ - - * 2
£
3
o
-
- v ) - v
/ L o L o =
T 1 17 1 1 1 1T T 1 P P FR] |

L 9 G ¥ € ¢

aouepunge sbba uo Joays pawwng (v
(X
L 0
(X )
",

©

vy ¢ 0 ¢

a0uBpUNgE SBAIE| UO J08y8 pawwng (D

\\\\

aouepunge aednd uo j0ays pawwng (3

B




1.00

0.754

Proportion
o
3

0.257

0.001

wAIlbB stability in adults

wAlbB Final Frequency

Low Hilgh
Initial density level

wAIbB

1.00

0.75

Proportion
o
)

0.254

0.004

9
b

d
b

female

male

Laboratory Low

High Laboratory Low
Initial density level

High

Log+o(Ct)

wAlbB Relative density

A)Females B)Males
1.6 1 1.6 1 1
1
* o
| . |
. o
1.4 4 ' ' 1.4 ‘ t
o 0000 o l
o0
¥ $
(e 0 0]
0
1.2 1 1.2 1
o]
o]
1.0 1 1.0 1
Laboratory Low High Laboratory Low High

o~

d
b




Conclusions

Population dynamics

Transient effects on abundances

* Potential self compensatory effects
leading to convergence in
abundances and life-stage
distributions

wAlbB persistence in adults

Decreased frequencies
* Potential for intergenerational loss

* Monitoring WPR programs ->
priority

Equal or increased relative densities
* Might aid in maintaining WMPB*
and Cl (high fidelity mech.)

e Despite suspected decreased MT
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To assess the environmental effects of combinations of initial larval density and
temperature treatments on wAlIbB stability and the role of wAlbB on
differential effects on mosquito fitness and performance in laboratory
conditions — single generation approach

To assess the population level effects of wAlbB and the stability of wAlbB in
semi-field conditions — multiple generation approach

To assess the long-term consequence of observed wAlbB-mediated effects on
its invasion dynamics withing WPR through modelling - integration through
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Methods

* Density dependent demographic traits
 wMel model -> Hancock et al 2016

e Adapting to wAlbB
e Cl - higher fidelity values
* Further delayed larvae development
* MT - increased loss

* Implications over
* Release ratios and release schemes

e Optimization within WPR
entomological goals -> wAlbB invasion

Uninfected:

O O
My W,
PicU .
Larvae 7] Pupae
O TP TP O
w
Ty S N
Female Male
Adults Adults
O Eags /
L ]
¢ I i
Niu ;
Gravid . ’
ok Female —O Nod
l Adults Ha v
random
Infected: : mating
Gravid A A
Female o /
W, :
(1- w)?x Adults ; 5
Eggs
Female Male
Adults Adults
Larvae >{ Pupae
pi,c,W

Wy




Acknowledgements

Emory University Universidad Autonoma de Yucatan

* Dr Pablo Manrique-Saide*

Prokopec Lab * Laboratory for the Biological Control of Aedes aegypti,

« Dr Gonzalo Vazquez-Prokopec Collaborative Unit for Entomological Bioassays (UCBE-

LCB)
e Current & past members

Fulbright Program
ENVS Department
* Fulbright Colombia

* ICETEX Colombia
Laney Graduate School & Population Biology, Ecology, and

Evolution Graduate Program
Dr Emily Khazan B {_3

Dissertation Committee*

 Dr Uriel Kitron, Dr Lance Waller, Dr David Civitello Dr Sandra I. Uribe (UNAL-Medellin)

GMCA

* Dr Rosmarie Kelly



	Slide 1: Ecological Dynamics of Aedes aegypti-Wolbachia pipientis wAlbB Strain Interactions
	Slide 2: Wolbachia pipientis
	Slide 3: Wolbachia pipientis
	Slide 4: Wolbachia pipientis
	Slide 5: wAlbB based replacement to tilt the scale?!
	Slide 6: Ecological Dynamics of Aedes aegypti-Wolbachia pipientis wAlbB Strain Interactions
	Slide 7: Experimental Design
	Slide 8: Stability of wAlbB and CI offset
	Slide 9: Mosquito fitness I
	Slide 10: Mosquito fitness II
	Slide 11: Mosquito performance I
	Slide 12: Mosquito performance II
	Slide 13: Conclusions
	Slide 14
	Slide 15: Ecological Dynamics of Aedes aegypti-Wolbachia pipientis wAlbB Strain Interactions
	Slide 16: Methods
	Slide 17: Abundances
	Slide 18: Abundances - Effect plots
	Slide 19: wAlbB stability in adults
	Slide 20: Conclusions
	Slide 21: Ecological Dynamics of Aedes aegypti-Wolbachia pipientis wAlbB Strain Interactions
	Slide 22: Methods
	Slide 23: Acknowledgements

