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Introduction Antibiotic Intervention

Huanglongbing (HLB, or citrus greening) is a vector-borne disease of citrus - We model psyllid birth Antibiotics have been tested® in lab experiments with one group performing

trees globally. It arrived in Florida in 2005 and has spread rapidly throughout _ . - . rate by*: with 85% efficiency (“high”) and the second group at 60% (“low?)

the whole state and beyond?!=. It reduces yields of marketable citrus fruit due ' AMT) = EFD(T)Peq(T)MDR(T) . . . .
. . . e . . - ¢ u(T) Treated trees can still transmit infection but at a reduced rate depending on
to fruit dropping early, being smaller in size and more bitter. Trees can be

o ; . . Temperature (T) enters the efficiency of the antibiotic
difficult to diagnose with an asymptomatic stage dependent on tree age. the r?]odel aS'( ) Y
Further, not all parts of the tree will show infection. '

oo S . . Thermal response curves Antibiotic Efficiency » Without treatment, peak number of
psyllid, Diaphornia citri*2. The ability to control the spread of HLB requires a are fit from eF;(perimentaI tow o Hgh Infected trees can be above 80% thus all
better understanding of the interactions between the pathogen, psyllid and datas  focted strategies are better than no intervention
Nowhere in the world is HLB under adequate control, with insecticide the 0 3% : quadratic curves* and ' 160 ' comparison to B and D, because lower
determine cost-effective strategies or combinations thereof quickly and Fig 2. Thermal response plots for psyllid vital rates. Data for Higher efficiency is more impactful when
efficiently without the need for large-scale field manipulations. each parameter are plotted with their best fit line. more trees are treated
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We assume the different antibiotics cost the same to implement
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Eggs per female per day 0.0107 T(T — 13)(30.8 — T)°> | 1% 1 | | disease

How sensitive IS disease transmission to psyllid traits? 5 ol | ol | | | introduction.
Development rate 5.286x107> T(T — 10.02)(34.17 — T)°> Each of the four

What are the most cost-effective control strategies? | | s} || cses gr\mN Eig 5

Longevity —0.14221T% + 4.31998 T + 31.255 | || s Jo s

. . . . . . . T = 25(1+ 0.5sin(2mt
The disease is transmitted during feeding of the vector, the Asian citrus (1+0.5sin(27t))
B Susceptible
tree, and the abiotic factors that impact transmission. We fit linear. Briére and In A and C, more trees are treated in
" I I 3 " Temperature (= C Temperature (= C - - - . .
only control currently in use in Florida®>. Mathematical models can help (=0 (°0) determine best fit by AICC S5 wl _ efficiency leads to more infection
. Parameter Definition Best fit curve
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How Is disease transmission affected by abiotic factors?
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o — () o .

o T

Years Years

SenSitiVity Of RO antibiotic is used in high proportions

Fig 5. Testing different antibiotic Less money spent on treatment i
strategies. Antibiotic efficiency is either

i _ o | _ high (80%) or low (60%). Pronortion of balanced by more costs removing trees
We extend a previous vector-borne model for Removed We test the sensitivity of Ryto changes in each of the parameters at different trges(trea?edorisor\\/\ilg(h (88)%) mgmgo%_ (Low-High = High-Low costs)

174
malaria temperatures

We model the trees as Susceptible, . EFD is important in determining when Ryreduces below 1 as R, stays
Infected or Removed Susceptible g Infected positive longer when EFD is constant (Fig 3). COncl usiOn

f u Is constant the shape of R, changes, with a lower peak occurring at
Removed trees are from natural higher temperatures (Fig 3).

death or removal due to infection | | | e . _
Susceptible TR ¢ oco _._. At low and high temperatures EFD has the biggest effect on changing R, Based on sensitivity of Ry, a combined control strategy of reducing
} |

T T Most profits made when the better
Model

Psyllids are Susceptible, Exposed (Fig 4). psyllid fecundity at low and high temperatures (winter & summer),
or Infected. Once infected, they For intermediate temperatures (24-28°C), death rate u pulls R, lower than and increasing psyllld death rate at mid temperatures (Spring & fa”)
remain so for their whole lifespan expected (Fig 4). could be the most successful at reducing disease transmission

We use three Exposed classes to represent more accurately the time delay Antibiotics have the potential to reduce infection to manageable
until psyllids become infected | = — - levels If used in high proportions of trees

— EFD constant - . .
dS _ _abp o Parameter Definition ' \ | T peenetan ' | The cost-effectiveness of this strategy could change if better
i~ N /Y | \

il ab a Feeding rate —— antibiotics cost more
== W]V(t —71)S(t—7) -1l

AR _ o o b Prob of transmission from psyllid to tree
— =T (B

dgﬂ’i C Prob of transmission from tree to psyllid - | - af R efe frences
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v _ 3B, - 36E E Fig 3. A plot of R, against temperature. Fig 4. A plot of the change in Ry, “*"/4r,
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Explore dynamics and try out interventions yourself! Interactive simulations available at http://leah.johnson-gramacy.com/HLB.html




