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Supplemental Information

Appendix I — Basic Model

Dynamical System

For vector population j = 1 (tree-hole mosquitoes) or 2 (tiger mosquitoes) we consider susceptible (S, ;)
and infected (I, ;) female larvae (where the ‘larval stage’ includes both the egg stage and the true larval
stage), as well as susceptible (Sy ;), exposed (Ey ;) and infected (I ;) female adults. The total larval
population of mosquito species j is given by Ny ; = S, ; + I, j, while the total adult population is given by
Ny,j = Sm,j + Em,j + Iy j. For hosts, we consider susceptible (S¢), infected (I¢) and recovered (R¢)
classes. The total population of the host species is given by No = S¢ + I + R, where N is defined as a
model parameter. Figure 1 illustrates the compartmental model for a system with two vectors (i.e., V =

2) and one host. Vector and host dynamics are described by the following equations:
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Host(s):

= ‘,SV_ZZJVEMCMJWMJ (A.1.1.a)
= Z_Zzy=1ACMJ'bJ'IMJ — hic (A.1.1.b)
G = hie (A.1.1.¢)
Vector(s):

% - %(SMJ + (1= ;) ;) (K = Nij = k=1 ki @acNii) — w;SLj (A.1.1.d)
% = %pJ'IMJ(Kj — Npj = Yiemesi G N ) — Wil (A.1.1.e)
dZ“Z"' = W;SLj = Amc,jbiSm, ,IV—CC — 1S, (A.1.1.9)
dlzl'j = Auc,jbjSwm ; ,i,_cc ~ HiEmj — DjEm,j (A.1.1.g)
% =WjlL; +PiEmj — 1ilu j (A.1.1.h)
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In equation (A.1.1), we assume that female mosquitoes acquire LAC by biting viremic rodents, after
which, females become exposed but not infectious. This reflects a latency period and corresponds to the
time required for within-mosquito dissemination of the virus to the salivary glands and ovaries (1). Once
the virus has reached the salivary glands and ovaries, transmission is possible and females move to the
infected class. We assume that mosquitoes with a disseminated infection remain infected for the rest of
their lives (2). Similar to mosquitoes, we assume that rodents become infected when they are bitten by an
infectious female vector. However, because rodents develop viremias within a day or two of transmission
(3, 4), we assume that the latency period is negligible. Following a brief viremic period, we assume that
rodents develop antibodies, and recover from the infection. At this point, the rodents are refractory to
additional re-infection. Moreover, because antibody titers remain high over a period of months (5), we
assume season-long immunity. For both vector-to-host and host-to-vector transmission, we assume mass-
action encounter rates, normalized by rodent density. This accords with the assumption of a saturated
functional response of mosquito biting rate to rodent density (6, 7). Finally, we assume that infected

female mosquitoes pass the virus to a fraction of their offspring through transovarial transmission (8, 9).

Equation (A.1.1) represents a single season from spring to autumn. For this reason, we do not include
rodent vital rates (6). Furthermore, because rodents infected with LAC are asymptomatic (4), we do not
consider any disease-induced mortality in the rodent population. Thus, the total number of rodents
remains constant throughout the season, although the number of susceptible, infected and recovered
rodents may change. (Including rodent demographics would require a phenologically explicit model,
with at least one breeding period occurring largely prior to mosquito emergence in the spring. We leave
this for future study, noting that, although the inclusion of explicit rodent demographics might alter
quantitative predictions, we do not expect significant impact on qualitative conclusions). For both the
tree-hole and tiger mosquito populations, we assume logistic growth. Because both mosquito species co-

occur in container habitats during larval development, we assume that there is interspecific competition
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among larvae (10, 11). Like rodents, we assume that LAC infection does not induce mortality in either

mosquito population (12).

Parameterization

Table A1 summarizes parameter definitions, symbols and empirical ranges. Justification for each

parameter range is given below the table.

Table A1 Parameter Definitions and Values (see Materials and Methods)*

Parameter Sym Range Reference
chipmunk recovery h 4.3-30 mo.™! (3,4,13,14)
tree-hole mosquito to chipmunk transmission Acma 0.24-0.92 (1, 13-18)
tiger mosquito to chipmunk transmission Acm2 0.17-0.47 (19)
chipmunk to tree-hole mosquito transmission Amca 0.34-0.93 (1,12, 13, 15-18, 20)
chipmunk to tiger mosquito transmission Amc2 0.18-0.94 (12, 19, 20)

) i . b, 0.46-6.2 mo.™!

tree-hole mosquito chipmunk biting rates (21-25)

by 1 0.042-0.92 mo.™!
tiger mosquito chipmunk biting rates bz 0.015-0.94 mo.” (26-30)

by, 2 0.042-2.1 mo.”!
tree-hole mosquito transovarial transmission o) 0.17-0.38 (8, 20, 31, 32)
tiger mosquito transovarial transmission D> 0.027-0.094 (9, 20)
tree-hole mosquito viral dissemination rate p1 1.9-5.0 mo.™! (1, 33, 34)
tiger mosquito viral dissemination rate D2 1.9-5.0 mo.™! as above (see Appendix I)
tree-hole mosquito adult mortality rate Uy 0.92-6.7 mo.™! (23, 24, 35-38)
tiger mosquito adult mortality rate Uy 0.93-6.9 mo.! (39) and references therein
tree-hole mosquito larval maturation rate w; 0.55-1.66 mo.™! (11, 40)
tiger mosquito larval maturation rate Wy 0.69-2.92 mo.™! (11, 30, 40)
tree-hole mosquito population growth rate** Tm1 1.54-4.23 mo.™! (10, 41)
tiger mosquito population growth rate** T2 1.08-5.19 mo.™! (10, 42, 43)
tree-mosquito overwintering survival 0, 0.92-0.96 (44)
tiger-mosquito overwintering survival 0, 0.78 (44)
imn:)esrsgif;f;c competition on tree-hole s 0.42-0.83 (10)
interspecific competition on tiger mosquitoes Ay 0.25-0.73 (10)
tree-hole mosquito carrying capacity Ky 23-1911 ha'! (24, 36, 37, 45)
tiger mosquito carrying capacity K, 29-2637 ha'! (10)
chipmunk/squirrel abundance N¢ 3-52 ha'! (46-49)

()@ )] 105102(0,[9,[0,]
N ROV

(o))
w

*Throughout, we assume that chipmunks serve as the amplifying host. Although grey squirrels and fox squirrels can also be amplifying hosts, less is known about
their ability to transmit virus to and from mosquito populations. That said, grey squirrels and chipmunks artificially infected with LAC appear to exhibit nearly
identical probabilities of infection, viremic periods and peak viral titers (4), suggesting that the two species are comparable in their abilities to acquire and transmit
virus. Moreover, although squirrels constitute a greater percentage of bloodmeal sources from LAC vectors in certain regions (22), chipmunk antibody prevalence can
be higher, even in nearby locations (50). This variability suggests that mosquito vectors may not prefer one host over the other, but that biting rates on the two host
species may be somewhat opportunistic, varying locally with relative species abundances, rather than species identity. Ultimately, we select ranges for biting rates
and host abundances that encompass both grey squirrels and chipmunks. Thus, while our model is largely parameterized based on chipmunks, we believe that our
host population could equally well comprise squirrels, chipmunks or some combination of both.

— Tmitw) it i)

**oviposition rates are calculated from population growth rates as: f3; ”
i

, see below.
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Chipmunk recovery, h: (a) viremias of 1-4 days for exposure via Ae. albopictus; viremia of 3 days for
exposure via tree-hole mosquitoes Oc. triseriatus (13); (b) viremias of 2 days for injection exposure;
viremias of at least 7 days for exposure via Oc. triseriatus (3); (c) viremias of 2-3 days for injection
exposure (4); (d) viremias of 2.4 (juvenile chipmunks), 2.3 (sub-adult chipmunks) and 2.4 (adult
chipmunks) days for exposure via Oc. triseriatus (14). Assuming that one month is equivalent to thirty
days, this gives viremic periods lasting between 0.033 mo. and 0.233 mo., or recovery rates ranging from
4.3 mo." to 30 mo.”".

Oc. triseriatus to chipmunk transmission, A¢p 1: () rate of transmission from Oc. triseriatus to
suckling mice ranged from 27% to 90% for field collected mosquitoes (15); 3 of 5 chipmunks developed
antibodies following exposure via Oc. triseriatus; 67 of 99 Oc. triseriatus fed on chipmunks with viremia
levels >2.2 LogioSMICLDs¢/0.025 ml (i.e. at levels where any mosquito infection was observed), were
capable of transmitting LAC to suckling mice 28 days later — correcting for mosquito infection rates, this
suggests that 67 of 72.9 infected mosquitoes transmitted virus, giving a transmission rate of 0.92 (16); (c)
50 of 62 chipmunks exhibited viremias following exposure via Oc. triseriatus (14); (d) 5 of 28 Oc.
triseriatus that fed on chipmunks with viremia titers >2 log;oPFU/ml transmitted virus to suckling mice —
correcting for mosquito infection rates, this suggests that 5 of 21 infected mosquitoes transmitted virus,
giving a transmission rate of 0.24 (13); (e) Correcting for dissemination rates, and using Oc. triseriatus
orally infected 3 weeks prior, 75% of Walton strain, 37% of Potato Creek strain and 48% of Yankee
Wood strain transmitted virus to suckling mice (17); (f) 54% of TIRES-1 population, 32% of TIRES-2
population and 27% of TREE HOLES population transmitted virus to suckling mice; 63% of WALTON
strain transmitted virus to suckling mice (18); (g) 71% of Oc. triseriatus with disseminated infection
transmitted to suckling mice (1). Combining high and low transmission rates across all studies gives a

range from 0.24 to 0.92.

Ae. albopictus to chipmunk transmission, A 1: (a) 44% of Houston strain mosquitoes transmitted

LAC to suckling mice; 33% of Evansville strain mosquitoes transmitted LAC to suckling mice; 17% of
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Indianapolis strain mosquitoes transmitted LAC to suckling mice; all mosquitoes had disseminated

infection (19). For these mosquitoes, rates of transmission range from 0.17 to 0.47.

Chipmunk to Oc. triseriatus transmission, Ay 1: (a) rate of infection of Oc. triseriatus through
membrane feeding ranged from 52% to 93% for field collected mosquitoes (15); (b) 3 of 4 viremic
chimpunks infected Oc. triseriatus WALTON (13); (c¢) 82 of 113 Oc. triseriatus became infected after
feeding on chipmunks with viremia titers >2.2 LogioSMICLDs(/0.025 ml (i.e. at levels where any
mosquito infection was observed) (16); (d) LACV dissemination rates for Oc. triseriatus through
membrane feeding are 45% (12); (¢) LACV dissemination rates for Oc. triseriatus through membrane
feeding are 86% (20) (e) LACV dissemination rates for orally infected Oc. triseriatus average 70% for
the Walton strain, 58% for the Potato Creek strain and 77% for the Yankee Woods strain (17); (f) 76% of
TIRES-1 population, 40% of TIRES-2 population and 56% of TREE HOLES mosquitoes developed
disseminated infections via artificial membrane feeder; 81% of WALTON strain, and 34% of FORT
WAYNE strain developed disseminated infections via artificial membrane feeder (18); (g) 57% of Oc.
triseriatus developed disseminated infection following membrane feeding (1). For these mosquitoes, a

reasonable range for rate of infection is thus 0.34 to 0.93.

Chipmunk to Ae. albopictus transmission, Ay »: (a) 94% of Houston strain mosquitoes became
infected; 67% of Evansville strain mosquitoes became infected; 60% of Indianapolis strain mosquitoes
developed disseminated infection following membrane feeding (19); (b) LACV dissemination rates for
Ae. albopictus through membrane feeding are 18.4%. (12); (¢) LACV dissemination rates for Ae.
albopictus through membrane feeding are 41% (20). For these mosquitoes, rate of infection thus ranges

from 0.18 to 0.94.

Oc. triseriatus biting rate, by: (a) In an Iowa study, 24% of total bloodmeals came from chipmunks and
grey squirrels (51); (b) in an Indiana study, 48-50% of bloodmeals were from chipmunks and tree

squirrels (25) (b) In a North Carolina study, 54% of mammalian bloodmeal sources were squirrels (29) (c)
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the median time from emergence to blood-feeding is 2.6 days; the mean time from emergence to blood-
feeding is 3.08 days; the median time between oviposition and a second bloodmeal ranges from 1.6 to
0.79 days, depending on female age (21); (d) females can take bloodmeals as early as 3.5 days after
emergence; the natural gonotrophic cycle takes ~14 days (23); (e) gonotrophic cycles range from 8 days
to 17 days (24); To define ranges for overall biting frequency (on any vertebrate), we assume that
mosquitoes bite as often as every 2.6 days and as infrequently as every 18.6 days (17 day gonotrophic
cycle plus 1.6 days between oviposition and a second bloodmeal — notice that this implies that one blood

meal per gonotrophic cycle, and thus likely overestimates the period between feedings). Biting rates on

host species thus range from b; = %0.24 =0.39mo.” tob; = %0.54 =6.2mo.".

Oc. triseriatus human biting rate, by 1: (a) In an Iowa study, 2.6% of total bloodmeals came from

humans (51); (b) in a North Carolina study, 8% of total bloodmeals came from humans (29). As above,

this suggests a human biting rate that ranges from b; = %0.026 =0.042mo.” tob; = 2 0.08 =0.92

mo.™.

Ae. albopictus biting rate, b,: (a) In a Missouri study, 7.3% of mammalian bloodmeals came from
squirrels (28); (b) In a North Carolina study, 11% of mammalian bloodmeal sources were squirrels (29);
(¢) In a study across Missouri, Indiana, Illinois, Louisiana, and Florida 2.9% of bloodmeals came from
scuirids (27) (d) At temperatures from 20-35°C, the pre-blood meal period ranged from 4.17 days to 5.54
days and the duration of the gonotrophic cycle ranged from 3.5 to 8.1 days (30); (e) the period between
first blood feeding and oviposition was 4.85-5.76 days, depending on strain; 32.5% of females showed
host-seeking following a blood-meal but prior to oviposition, and this occurred between days 4-6 after the
first blood meals; the remainder of the females sought blood meals after ovipositing (52); (d) From Figure
1C in (26), the largest slope is for the Tampa population, which predicts 0.05 bloodmeals per day, while
the smallest slope is for the Bloomington population, which predicts 0.017 bloodmeals per day (26); To

define ranges for overall biting frequency (on any vertebrate), we assume that mosquitoes bite as often as
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every 3.5 days and as infrequently as every 58.8 days (0.017 bites per day). Biting rates on host species

may thus range from b, = %0.029 = 0.015mo." to b, = %0.11 = 0.94 mo.”'. Because the (26)

study gives exceptionally low estimates for biting rates, we re-run our simulations ignoring this paper. In

this case, the longest time between bitings is 8.1 days, giving b, = % 0.029 = 0.11 mo.” (see Appendix

VI).

Ae. albopictus human biting rate, b, »: (a) in a Missouri study, 8.2% of mammalian bloodmeals came
from humans (28); (b) in a North Carolina study, 24% of mammalian bloodmeal sources were human

(29); (¢) in a study across Missouri, Indiana, Illinois, Louisiana, and Florida 4.1% of bloodmeals came

from scuirids (27). As above, this suggests a human biting rate that ranges from b, = % 0.082 = 0.042

mo." to b, = %0.24 = 2.1mo.".

Oc. triseriatus transovarial transmission, p1: (a) 71% of infected females transmitted to at least one
progeny from the third oviposition, and 46% of eggs were infected in any brood with LAC infection,
suggesting an overall egg infection rate of 33% (20); (b) 85% of infected females transmitted to at least
one progeny and 45% of eggs were infected in any brood with LAC infection for AIDL, Bluff and
Holmen colonies, suggesting an overall egg infection rate of 38%; 85% of infected females transmitted to
at least one progeny and 34% of eggs were infected in any brood with LAC infection for AD colony,
suggesting an overall egg infection rate of 29%; 76% of infected females transmitted to at least one
progeny and 30% of eggs were infected in any brood with LAC infection for Florida colonies, suggesting
an overall egg infection rate of 23%; 79% of infected females transmitted to at least one progeny and 36%
of eggs were infected in any brood with LAC infection for Florida colonies, suggesting an overall egg
infection rate of 28% (31); (c) virus recovered from 28 of 92 females recovered from ovarian cycles of
infected females (8); (d) percent infection rates from 17% for 2™ instar larvae to 37% for adults
originating from the eggs of infected females (32). A reasonable range for the probability of egg infection

1s 0.17 to 0.38.
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Ae. albopictus transovarial transmission, p,: (a) 52% of infected females transmitted to at least one
progeny from the third oviposition, and 18% of eggs were infected in any brood with LAC infection,
suggestion an overall egg infection rate of 9.4%; (b) 2.7% of adults (28 of 1022) originating from the eggs
of infected females were infected themselves (9). We thus suggest that the range for the probability of

egg infection is 0.027 to 0.094.

Oc. triseriatus rate of viral dissemination, p1: (a) virus first detected in the hemolymph, salivary glands
and ovaries 10-13 days post infection by membrane feeding (1); (b) salivary glands are infected at 7-16
days after ingestion of virus (33); (c) virus detected in heads 6-10 days after infection by membrane
feeding (34). Assuming that one month is equivalent to thirty days, this gives dissemination periods

ranging in length from 0.20 mo. to 0.53 mo., or dissemination rates ranging from 1.9 mo.” to 5.0 mo.™".

Ae. albopictus rate of viral dissemination, p,: We are unaware of any studies that specifically consider
the rate of LAC dissemination in Ae. albopictus. Consequently, we set the parameter range for LAC
dissemination in Ae. albopictus equal to the range for LAC dissemination in Oc. triseriatus. Notice that
this is broadly consistent with the observation that there are no differences in viral dissemination when
comparing 14- and 21- day extrinsic incubation periods for LAC in the Houston strain of Ae. albopictus

(19).

Oc. triseriatus adult mortality rate, puq: For survival rate, we only use mark-release-recapture data from
field experiments, since mortality estimates should reflect all sources of mortality that are relevant to wild
populations; (a) average survival rate in a woodlot in Indiana, as calculated by the Jolly method, was 0.87
d'. Assuming that one month is equivalent to thirty days, this gives a mortality rate of u =

—30In(0.87) = 4.2 mo™ (36); (b) from Figure 3 of (35), survivorship per gonadotrophic cycle, averaged
across all wing lengths, is 0.50 in 1985 and 0.65 in 1986 for an Oc. triseriatus population in Wisconsin.

Assuming a gonadotrophic cycle of 14 days (23), this is equivalent to mortality rates within the range yu =

- %ln(0.65) =0.92mo." and u = — %ln(O.S) = 1.5 mo.” (35); (c) the probability of daily survival
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ranged from 0.917 to 0.960 for a population in Indiana. Assuming that one month is equivalent to thirty
days, the mortality rate ranged from u = —30In(0.960) = 1.2 mo.” to u = —30In(0.917) = 2.6 mo.”
(24); (d) the daily survival rate ranged from 0.92 to 0.95 for a population in Ohio, suggesting mortality
rates ranging from u = —30In(0.95) = 1.5 mo.” to u = —30In(0.92) = 2.5 mo.” (23); (e) the daily
survival rate ranged from 0.93 to 0.97 for a population in Ohio, suggesting mortality rates ranging from

u = —30In(0.97) = 0.91 mo.” to u = —30In(0.93) = 2.2 mo.” (37); (f) the average daily survival rate
was 0.80, suggesting a mortality rate of u = —30In(0.80) = 6.7 mo.” (38). We suggest an overall range

for adult mortality from 0.92 mo.” to 6.7 mo.™

Ae. albopictus adult mortality rate, u,: (a) adult mortality rates range from 0.031 to 0.231 per day for 9
different mark-release-recapture experiments. We thus assume a range from 0.93 mo.™ to 6.9 mo.™ (39).
Notice that none of the experiments in this meta-analysis took place in North America. However, lacking

any other information, we use these estimates to define a range for adult mortality of Ae. albopictus.

Oc. triseriatus larval development rate, w4 : (a) The development time of Oc. triseriatus from first instar
to adult in pure cultures at low density and ~25°C was 28.2 days, while the same at high density was 47.3
days (40); Since we are unaware of any studies that have specifically looked at time to egg hatching in
Oc. triseriatus, we use the same range, 2.9 to 7 days, as was determined for Ae. albopictus (30). Note that

this is broadly consistent with studies of hatch rate and diapause in Oc. triseriatus (53). Assuming a 30

30
28.2+2.9

day month, this suggests development rates ranging between w, = = 0.96 mo." and w, =

47330+7 = 0.55mo." (b) Degree-day models in pure cultures suggest female D Ds 3 from 355 d-°C to
o . . _ 25-53 1 _ 25-53
652.5 d-°C. This gives development rates ranging between w, = o 0.030d™" and w, = e

0.055d~?! (i.e., 0.91 mo." and 1.66 mo.™") at a temperature of ~25°C (11). A reasonable range for

development rates is thus 0.55 mo.™ and 1.66 mo."
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Ae. albopictus larval development rate, w,: (a) The development time of Ae. albopictus from first instar
to adult in pure cultures at low density and ~25°C was 23.4 days, while the same at high density was 36.4

days (40); Assuming egg hatching times ranging from 2.9 to 7 days (30) and a 30 day month, this

30
23.4+2.9

30
36.4+7

suggests development rates ranging between w, = =1.14mo." and w, = = 0.69 mo.”

(b) the lowest average time for egg hatching was 2.9 days, whereas under less favorable conditions, the
average time for egg hatching was 7 days; depending on temperature, it took anywhere from 8.8 + 0.6

days and 35.0 + 0.9 days for development from first instar to adult. Assuming 30 days per month, this

30
8.8—0.6+2.9

30
35+0.9+7

= 0.70

suggests development rates ranging between w, = =2.70mo." and w, =

mo.” (30). (c) Degree-day models in pure cultures suggest female DDg g from 166.6 d-°C to 252 d-°C.

25-8.8

25788 _ 0.064d"!

=0.097d tand w, = =
166.6

This gives development rates ranging between w, =

(i.e., between or 1.92 mo." and 2.92 mo.™") for temperatures ~25°C (11). A reasonable range for

development rates is thus from 0.69 mo.™ to 2.92 mo.™

Oc. triseriatus population growth rate, r,,;1: (a) the unlimited population growth rate is 1;,,; =

0.080 d~1 (41); (b) the unlimited population growth rate in treehole fluid is 7;,,; = 0.0514 d~1 while the
unlimited population growth rate in tire fluid is r;,,,; = 0.0591 d~1(10); (c) From the y-intercept in Figure
6 of (54), the intrinsic rate of population growth is 7,,,; = 0.141 d ™! for the Illinois strain and 7,,; =

0.136 d~* for the North Carolina strain (54). To convert from unlimited population growth rate to

oviposition rate, we use the following relationship: r,, = %\/ 4w + (U —w)? — WTW, which relates the

rate of increase of the population in a single-stage model to the oviposition, maturation and adult death

(rm+w)(rm+u)

" . We assume a range for 7;,,; of 1.54 mo.” to 4.23

rates of a two-stage model. Thus 8 =

mo.”. Notice that, because we select oviposition rates to match observed/estimated population growth
rates, density independent larval mortality is implicitly accounted for, albeit through a lowered

oviposition rate that reflects ‘surviving’ or ‘viable’ larvae, rather than egg input to the system.

10
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Ae. albopictus population growth rate, r,,,,: (a) the unlimited population growth rate is 73,,, = 0.06 d ™}
for estimates based on survival and fecundity schedules; the unlimited population growth rate is 1, =
0.08 d~? for estimates based on emergent females (42); (b) the unlimited population growth rate in
treehole fluid is 7;,,, = 0.0798 d~! while the unlimited population growth rate in tire fluid is ,,,, =
0.0904 d~1(10); (c) the unlimited population growth rate is ;,, = 0.0348 d~! under field conditions in
Vero Beach, FL (55); (d) the intrinsic rate of population growth is 7 = 0.095d"* tor = 0.109 d~ ! at
22°C,r =0.114d 1 tor =0.130d "t at 24°Cand r = 0.153 d 1 tor = 0.173 d~* at 26°C.
Assuming a thirty day month, this gives 7,,,, between 1.08 mo." and 5.19 mo.”. Calculation of
oviposition rate from population growth rate, and assumptions related to larval mortality are the same as

for Oc. triseriatus.

Oc. triseriatus overwintering survival, a4: (a) 92% of Oc. triseriatus eggs survived the 1989-1990
winter and 96% of Oc. triseriatus eggs survived the 1990-1991 winter in Northern Indiana. We thus use

a range from 0.92 to 0.96 for Oc. triseriatus overwintering survival.

Ae. albopictus overwintering survival, ,: (a) 78% of Ae. albopictus eggs survived the 1990-1991
winter in Northern Indiana. Although no eggs survived the harsher 1989-1990 winter, we use the warmer
1990-1991 estimate for our simulations, since Northern Indiana is at the limit of the Ae. albopictus range.
Further south, for example in Appalachia, we would expect conditions more similar to the warmer of the
two Northern Indiana winters. We recognize, however, that 78% is likely an underestimate in southern
regions and may be an overestimate in northern regions. Additional simulations (not shown) suggest that

the model is not particularly sensitive to Ae. albopictus overwintering survival.

Interspecific competition on Oc. triseriatus, a,: (a) Interspecific competition coefficient is given by
a1 = by /by. In atree-hole environment, this gives a prediction of 0.42. In a tire environment, this gives
a prediction of 0.83 (10); Although several other studies consider interspecific competition between Oc.

triseriatus and Ae. albopictus, the majority use study designs (e.g., replacement series) that are
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notoriously problematic for conversion to competition coefficients (56). For this reason, we only use data
from the (10) study. For Oc. triseriatus, we assume a range of interspecific competition between 0.42 and

0.83.

Interspecific competition on Ae. albopictus, a,: (a) In a tree-hole environment, the estimate for the
interspecific competition coefficient is 0.73. In a tire environment, the estimate for the interspecific
competition coefficient is 0.25 (10); For Ae. albopictus, we assume a range of interspecific competition

between 0.25 and 0.73.

Oc. triseriatus carrying capacity K;: (a) Maximum estimates of female population size, obtained in
September, ranged from 905 to 1590 in Kramer’s Woods (10.1 hectares) (36); (b) population estimate of
294 females per hectare in Northern Indiana (24); (c) estimates ranging from 44967 to 149733 females
per hectare in a tire yard in Indiana (45), or 6.5 times higher than the highest estimates in (24); (c)
estimates of female population density in a woodlot in Ohio ranged from 23 to 205 per hectare (37); (d)
1098 females emerged from a one-hectare site in Wisconsin in 1976 (dry year) and 1622 females emerged
from the same site in 1977 (wet year) (57). Because densities from the tire yard are uncharacteristically
high, and because the authors noted problems with their density estimates (not a closed system), we
assume that the factor of 6.5 for carrying capacity in tire yards versus woodlots is a better estimate than
the densities themselves. Overall, then, a reasonable range for carrying capacity is between 23 and 1911

females per hectare.

Ae. albopictus carrying capacity K,: (a) carrying capacity is given by K; = 1y,,;/b; suggesting that the
carrying capacity of Ae. albopictus is 1.24 times the carrying capacity of Oc. triseriatus in tree-holes and
1.38 times the carrying capacity of Oc. triseriatus in tires (10). To our knowledge, there have not been
any studies on Ae. albopictus densities at North American sites. Therefore, we use estimates for the
carrying capacity of Oc. triseriatus to determine carrying capacities for Ae. albopictus. This gives a range

between 29 and 2637 females per hectare. Notice that this is broadly similar with estimates from

12



278  temperate regions in Europe (58, 59), but is slightly lower than estimates from more tropical climates

279 (60).

280  Chipmunk density Ng: (a) estimated chipmunk population densities depended on habitat quality and
281  ranged from 9 to 15.7 per acre in July and from 4.7 to 11.8 per acre in September (46); (b) grey squirrel
282  densities ranged from 3 to 10 per hectare in urban parks in Baltimore, MD (47, 48, 61) (¢) grey squirrel
283  densities ranged from 23 to 52 per hectare in downtown Washington, DC (49, 61). This suggests a range

284  of squirrel/chipmunk abundances from 3 to 52 per hectare.

285 Nondimensionalization

286  To nondimensionalize equation (A.1.1), we substitute T = ht and scale all state variables by the total

287  rodent population. This gives:

288  Host(s):

da .

289 % = —S¢ Z}/:l XCM,]'I’M,]' (A12a)
di . .

290 f = SC Z]V=1XCM,].I’M,]‘ - lC (AIZb)
ar .

291 d—TC =i (A.1.2.0)

292 Vector(s):

dSL' i Yi .

293 dr] - K_;(SM']. + (1= ;)i ) (K = M j = B jews YT k) — W5SLj (A.1.2.d)
dip,j Yi i )

294 Sr= x_j-pf‘M-J'("f — Ny~ Niemt et Gk j) — Wi g (A.1.2.¢)
dsy i .

295 — = W) X, iSmjic < VS (A.1.2.9)
dep j i

296 — ™ = Xuc,iSm,jlc — Viem; — @jem, (A12.9)
dipy i ) _

297 = wjin; + 0jem; ~ Vjim (A.1.2.h)

298
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317

_S¢c . _I¢ __ R¢ _SLyj . _Inj _Sm,j _Em; . _Imj _
where Sc = N_C, lc = N—C, e = N—C, SL,j = N_C, lj = N_C’ SM,j = N_C’ eM,j - N_C’ Im,j = N_Cand Xem,j =

Acm,jbj _ Amcjbj _ Kij wj Wi _pj_ _ PBm,;

=2 y. == 2

o cAMCj T T J_Nc’wj_h’ i = = Yi T T

For all reported results, we focus on the dimensional system. The non-dimensionalization scheme,
however, gives insight into the parameter combinations that are important for determining system

behavior.

Appendix II — Basic Reproduction Numbers, R,

One Vector

We first note that the disease free equilibrium can be obtained by setting the abundances of all disease and

recovered classes (I¢, Re, I, j, Eny j, Iy,j) equal to zero, and then solving for the steady state solution of

equation (A.1.1). For the simplest scenario, with a single disease vector, this gives:

(Scr e Res Sio i S Ews ) = (Ne, 00,7222, 0,257°2 0,0 (A2.1)

where we have dropped indices on vector parameters, since we are only considering one vector.

To derive R, we follow the method outlined in Van den Driessche and Watmough (62). Specifically, we
rewrite equation (A.1.1) in vector form, focusing on the infected classes, and separating into F all terms
that reflect the appearance of new infections and into V all remaining terms for transfer of individuals

between compartments. For the single-vector model, this gives:

ScAcmblm
IC B (NC )“ hIC
PIM K—SL—IL
alhif_e_y with F=| & | ad V= wh, (A.2.2)
at EM | SMAMCbIC (p + M)EM
0

where we have again dropped vector indices. The corresponding Jacobian matrices, F and V, evaluated at

the disease-free equilibrium are given by:
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334

00 0 Acub

0 0 0 h 0 0 0
PH 0 w 0 0
e, 00 0 -w -p &

The basic reproduction number, Ry, is defined as the dominant eigenvalue of FV ™1 (62), thus

_Pr 4b2wpAycAcm(B—1K
Ry = 5 <1 + \/1 + D212 Bh(p+ION ) (A2.4)

Two vectors

The basic reproduction number for a system with two vectors can be derived following an identical
approach to the one above; however, R, for the two-vector model must be evaluated numerically, because
it is impossible to obtain a closed form solution for the disease-free equilibrium. Consequently, we write

the disease-free equilibrium as:

(Sei I ReSuao I1s S Emts I Sizo 1,20 Sm2 Emzo Im2) = (N, 0,0,871,0, 8511, 0,0, 81 5,0, S35, 0,0)

(A.2.5.2)
where S} 1, Sy 1, Si 2 and Sy, , are defined, implicitly, as the solutions to:
%5;4,1(1(1 — Sf1 = @13S1,) —wiSi, =0 (A.2.5b)
wiSi 1 — 1Sy, =0 (A.2.5.0)
%5;4,2 (K, — Si» — @p1S51) — w2Si, = 0 (A.2.5.d)
WySi s — UzSis2 =0 (A.2.5.¢)

As in the case of the single-vector system, we rewrite equation (A.1.1) as
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340
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342

343

344

Sc(Aemabilma+Acm2b2Im,2)
N¢
[ Ic 7 /31/0111\4,1(1(1—(SL,1+1L,1)—“1z(5L,z+1L,2)) i hlc
11 Ky wilp 1
EM,1 Smatmcabile (pl + .ul)EM,l
d . N
—1 2 [=F -V, withF = ¢ andV = walp,
at E;, BZPZIM,Z(KZ_(SL,2+IL,2)_a21(SL,1+IL,1)) (pz + .UZ)EM 5
, A ,
In SmaAmcabalc Wil —P1Eva + Iy
yivpe Ne [ =Wyl 2 — D2Ep 2 + Uzl o]
0
0

(A.2.6)
The corresponding Jacobian matrices, F and V, evaluated at the disease-free equilibrium are given by:

0

0 0000 Acm1by Acm 202
Acabisi; 0 0 0 0 B1p1lm(K1=SL1—125]2) 0
Ne 0 0 0 0 K1 0 )
F = 0 00 0 0 0 B2p2Im,2(K2=S[2—2157 1) and
Amczb2Smz 0 0 0 0 0 162
Nc¢ 0 0 0O 8 0
0 0000
0 0 0
h 0 0 0 0 0 07
0 w 0 0 0 0 O
V=|0 0 0 W, 0 0 0
0 0 0 0 p+u, 0 O
0 -w —P1 0 0 py 0
0 0 0 —W;  —D2 0 Wl

(A.2.7)

The basic reproduction number, Ry, is then defined as the dominant eigenvalue of FV =1 (62), given by

Fy—t
0 Acm,aby Acw,1bipy Acuzbz Acmabapz Acmaby Acu,z2by
i ?7 o Hy (s +p1) Ha Ha(z +p2) Hy Ha
—MC'I:/ ;l M1 ﬂlpl(Kl = Sia— ”‘1252,2) .[31/711’11([(1 =S~ alzsl:,z) 0 g ﬁlﬂl(Kl ~Sia— alZSL‘J) 0
¢ Ky Ky (py + 1) N . . . Ky N .
= 0 . 0 0 ﬁzpz(Kz —Si2— aZISL,l) ﬁzpzpz(Kz —Si2— aZISL,l) 0 ﬁzpz(Kz —Si2— azlsL,l)
M 0 0 Kou, Koz (2 + p2) 0 K,
Nch 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
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Appendix III — Elasticity Analysis of Transmission Pathways

We begin with equation (A.2.8), which is the next generation matrix for the full system. This gives

0 Acmby Acmabipy Acm2bz Acu,2b2p2 Acmaby Acm,2bz
N g s M u1(uy +p1) H a2 (uz +p2) M Ho
—ME'[:I ;l M1 ﬁlpl(Kl —Sia— ‘11252,2) ﬁlPlPl(Kl —Sia— ‘7‘12513,2) 8 g Blpl(Kl = Sia— 01125['2) 8
B c K Kypty (i + p1) ) N . . Kip . .
r= 0 . 1() ! b 01 ! BZPZ(KZ —Si2— 11215L,1) BZPZPZ(KZ —Si2— ‘121SL,1) 1() ' szz(Kz —Si2— ‘121SL,1)
AucabaSha 0 0 Koy Koz (4z + p2) 0 Kapz
Nch 0 0 0 0 0 0
0 0 0 0 0 0 0 J
0 0 0 0 0 0 0
We define the element elasticities as
Yij 0Ro
ey =W (A.3.2)
Ry 8Yij

where y;; is the i,j" element of ' and 6R, /8Y; ; 1s used to denote numerical estimation of the
corresponding derivative using a finite difference approximation. To group element elasticities in terms
of transmission processes, we re-interpret equation (A.3.1) in terms of the four different transmission
routes (63). This results in the following schematic, where we use m1 for tree-hole mosquitoes and m2
for tiger mosquitoes

0 m1 — host m1 — host m2 — host m2 — host m1 — host m2 — host
[ 0 transovarial m1 transovarial m1 0 0 transovarial m1 ]
|host - m1l 0 0 0 0 0 0 I
| 0 0 transovarial m2 transovarial m2 0 transovarlal m2 |
host - m2 0 0 0 0 0
[ 0 0 0 0 0 0 J
0 0 0 0 0 0

From this, we see that the composite elasticities should be defined as follows:

eﬁorizontal = el,2 + e1,3 + €16 + €31 (A.3.3.a)
eﬁorizontal =eqateste;tes; (A.3.3.b)
eyertical = €22 + €23 + €36 (A3.3.0)
e\gertical = €44 + €45 + €4,7 (A.3.3.d)
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Appendix IV — LAC Dynamics

Equation (A.1.1) is autonomous, and specifically describes processes within a single season. To construct
a multi-seasonal model, we use equation (A.1.1) to describe within-season dynamics and then apply the
following discrete map to advance the system from the end of one season to the beginning of the next

(64):
Host:

Sent=0)=N; (Adla) Ic(t=0)=0 (A4lb) R (t=0)=0 (Adlc)

Vector(s):
Sujn(t=0)=0 (A4.1.d) Spjnt=0) =0l 1(t = tr) (A4.1.g)
Eyjn(t=0)=0 (A4.le) Ijn(t=0) =0l ;nq(t =tf) (A4.1.h)

Iy jn(t =0) =0 (A4.1.6)

where n is an index denoting the year. For each simulation we begin the first season (n = 1, t = 0) at the
disease-free equilibrium and introduce one infected adult tree-hole mosquito (Tree-hole Model, Tree-hole
& Tiger Model) and/or one infected adult tiger mosquito (Tiger Model, Tree-hole & Tiger Model). We
then numerically integrate the system for 4 months (¢ = 4). This represents one season from June
through September (note that altering the length of the season has very little effect on qualitative
conclusions, see Appendix VI). At the end of the season, we apply equation (A.4.1). Equations (A.4.1.a-
¢) indicate that, between the months of September and June, the host population suffers a complete loss of
LAC protection, either through waning immunity or through adult death and juvenile replacement.
Equations (A.4.1.d-h) indicate that, over this same period, all adult mosquitoes die, while remaining
larvae (in this case eggs) overwinter, subject to a mortality rate, ;. These assumptions mean that
overwintering larvae are responsible for maintaining LAC from one season to the next. Starting from the
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new initial conditions defined by equation (A.4.1), we numerically integrate the system for another 4
months, representing a second season (n = 2). This process continues until either the infected mosquito
population falls below a critical density or the system reaches equilibrium. We define the critical density
of infected mosquitoes as I; + I;; < 1 x 1076 ha™! (Tree-hole Model, Tiger Model) or I1+1y,+1,+
Iy, <1x107° ha™' (Tree-hole & Tiger Model). For each system, we define equilibrium as the
condition where the absolute change in the abundance of infected mosquitoes from one year to the next

falls below 1 X 1076 ha™'.

To classify LAC as persistent in any given simulation, we require that the number of infected mosquitoes
at the end of the season exceed Iy, + [, > 1 x 1072 (Tree-hole Model, Tiger Model) or I, ; + I L1+

Iy + 1,2 > 1% 1072 (Tree-Hole & Tiger Model). We select this threshold because simulations suggest
that the end-of-season infected mosquito abundance is bimodal, with one peak below our tolerance for
continuing simulations (1 X 10~°) and one peak between 1-2 ha.”!. The lower peak contains the systems
where LAC is decreasing to extinction, while the upper peak contains the systems where LAC persists.
The threshold 1 X 1072 lies between these two peaks for all vector combinations (see Figure A1). Figure

A2 shows a typical output from one dynamical simulation of the Tree-hole & Tiger Model.

a. 403
t: l Tree-hole Model
- Umg,u(;m +:,__,) s 466 Figure A1 Histograms showing the frequency of different
b. 4an7  infection rates based on LHS analysis of (a) the Tree-hole Model
Tiger Model (b) the Tiger Model and (c) the Tree-hole & Tiger Model. Each
-_é “ panel shows the results from 10,000 randomly selected
g e parameter sets sampled over the ranges in Table A1. Notice that

—— the threshold value of 10 lies between the two peaks of the
|U}-.1u{’lu + ’r .,,) 412 bimodal distributions in all three models.

150 Tree-hole & Tiger
’ I Model

@
ZI

|{1310(!u| +ia+ fwz +112)

no. trials
=

19



415

416
417
418
419
420
421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

70 - - 1

60 | chipmunk

50 j/\

\ tree-hole
40

30

20 +

No. Infected Mosquitoes (ha'!)
2ouajenasdosas yunwdiyd

10

Month

Figure A2 Output from one dynamic simulation of the Tree-hole & Tiger Model, showing the
abundances of infected tree-hole mosquitoes (solid grey) and tiger mosquitoes (solid black) and host
seroprevalence (dashed black). Parameters for this simulation were: Ay = 0.56, Ayc, =
0.85,A¢cy 1 = 0.86, Acy 2 = 0.45, uy = —log(0.32), u, = —1og(0.29), ryy 1 = 2.53, 1y, = 2.00, p; =
0.24, p, = 0.09, K; = 1545, K, = 1969, w; = 0.96, w, = 2.21, b; = 3.29, b, = 0.35, p; = 4.85,

p2 = 4.04, a1, = 0.77, ay; = 0.68, h = 4.35, N, = 39, 0; = 0.95, 0, = 0.78.

To account for the possibility that the apparent increase in LAC in Appalachia is a result of more human
infections, rather than more infections in wildlife settings, we use the dynamical model to estimate the

rate of disease transmission to humans. Specifically, we multiply the number of infected mosquitoes by
their biting rates on human hosts (see Table A1) and then consider peak rates of transmission to humans.

This allows us to study the potential of the tiger mosquito to act as a bridge vector.

Appendix V — Latin Hypercube Sampling and PRCC

LHS Matrices

We use Latin Hypercube Sampling (LHS) (65) to explore model behavior over the parameter space
defined by Table Al. To generate LHS matrices, we assume uniform distributions over all parameters
except for mortality rate. For mortality rate, we assume an exponential distribution because most
estimates of mortality rate come from survival measurements. Assuming a uniform distribution over

survival rates leads to an exponential distribution over mortality rates. In addition, this assumption helps
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to prevent the single low estimate for survival (see Appendix I) from skewing parameter space towards

artificially high mortalities.

The only other complication with our LHS analysis is correlation between the tree-hole mosquito carrying
capacity and the tiger mosquito carrying capacity. In particular, because the breeding requirements of the
two species are similar, regions with large numbers of natural and artificial containers should be capable
of supporting high densities of either mosquito species. Consequently, we do not select tiger mosquito
carrying capacities independently from tree-hole mosquito carrying capacities. Instead, we first select
values for the tree-hole mosquito carrying capacities, and then determine the tiger mosquito carrying
capacities using a scale factor ranging from 1.24 to 1.38 (see Appendix I). We use tree-hole mosquito
carrying capacities as the standard, since these have been estimated empirically. In contrast, the carrying

capacities of tiger mosquitoes have not been so estimated, at least in North America.

LHS Results

Tables A2 and A3 show LHS results for 10,000 estimates of R, based on the parameter ranges in Table

A1 and each of the Tree-hole Model, the Tiger Model, and the Tree-hole and Tiger Model.

Table A2 Summary statistics for R, and mosquito abundances based on LHS analysis

Tll;f:[z ;;le Tiger Model Tree hg)/[l:: ;::g Tiger

Ry, the Basic Reproduction Number

Mean 1.9 0.28 1.1(1.2)

Median 1.3 0.19 0.73 (0.85)

Maximum 30 6.1 22 (22)

Minimum 0.19 0.03 0.03 (0.18)

Trials with Ry > 1 60% 3% 37% (42%)
Mosquito Abundance (ha™)

Mean 600 1223 1262 (1258)

Median 475 927 1013 (1020)

Maximum 2906 7210 7094 (7094)

Minimum 2.6 6.2 10.2 (10.2)

*() is used to denote summary statistic over the subset of parameter combinations that gave equilibrium coexistence
between tree-hole and tiger mosquitoes. For these systems, mosquito abundance reflects the total density of
mosquitoes, including mosquitoes of both species.
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Table A3 Summary statistics for mosquito competitive interactions based on LHS analysis of the Tree-Hole
and Tiger Model

Tree-hole Mosquitoes Tiger Mosquitoes
Competitive exclusion
Trials where species is excluded 14% 0.03%
Trials with species coexistence 86%
Trials with coexistence*
Mean abundance (ha'!) 228 1030
Median abundance (ha'") 149 759
Mean reduction due to competition 63% 16%
Median reduction due to competition 62% 13%
Mean percentage of mosquitoes 22% 78%
Median percentage of mosquitoes 17% 83%

*notice that these numbers reflect the mean and median of the abundance reductions or percentages, rather than the
reductions or percentages of the mean or median abundances

PRCC Analysis

PRCC:s are determined for each of the parameters in Table Al against Ry. First we define a X X Y matrix,
where the X rows represent each of the 8 LHS trials and the Y columns store the ordinal ranks for each of
the Y model parameters across each of the X LHS runs. We then add to this matrix one additional
column, Y + 1, that contains the ordinal ranks of R, for each of the X LHS runs. If any two of the input
parameters have exactly the same ranking for every run, then only one of the parameters is used to
calculated PRCCs. For each LHS run, we thus have the set (yi,l, Vi e yi,y+1), where the first Y
numbers are the ordinal ranks of the model parameters for run i and the last number is the ordinal rank of

R, for run i. Next, we definea Y + 1 X Y + 1 symmetric matrix Z, with elements z;;

o1 (=) 5,-5)

Zij = (ASI)
VZa07i7)" Ehes 0g,=6)°
where ¢ = (1 + N)/2 is the average rank. From Z we define Q as its inverse
Q=lqy]l=27" (A.5.2)

The PRCC between R, and input parameter i is then given by
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PRCC; = —Hur+1 A5,
t Vaiidy+1,Y+1 ( 53)

The significance of a non-zero PRCC can then be tested by computing t;

N-2

ti = PRCCl —1—PRCCi

(A.5.4)

PRCC Results

Table A4 shows PRCC values, along with p-values, for all parameters in our model based on 10,000

dynamic simulations of the Tree-hole Model, the Tiger Model, and the Tree-hole & Tiger Model.

Table A4 PRCC analysis for R,

PRCC p-value PRCC p-value
Parameter Tree-hole & Tiger Model Tree-hole & Tiger Model Parameter Tree-hole & Tiger Model Tree-hole & Tiger Model
(Tree-hole Model) (Tree-hole Model) (Tiger Model) (Tiger Model)
tree-hole mosquito parameters tiger mosquito parameters
Ao 0.1724 (0.3491) 0 (0) e 0.0691 (0.4346) 4.4 % 103 (0)
Aema 0.2136 (0.4288) 0 (0) Acmz 0.0589 (0.3034) 6.6 x 10719 (0)
—log(y) 0.5953 (0.8079) 0(0) —log(uy) -0.0022 (0.7617) 0.41 (0)
T 0.2161 (0.0424) 0 (7.5 x 10) Thr2 -0.3229 (0.1077) 0 (0)
o 0.1064 (0.1262) 0 (0) D> 0.0269 (0.2953) 0.0032 (0)
Ky 0.1474 (0.7205) 0 (0) K, -0.1120 (0.6617) 0 (0)
Wy 0.0499 (0.3493) 1.6 x 107 (0) W,y 0.2163 (0.3506) 0 (0)
b, 0.6150 (0.8617) 0(0) b, 0.1989 (0.8558) 0 (0)
D1 0.0616 (0.1239) 1.1 x 101°(0) Dy -0.0023 (0.1013) 0.41 (0)
s -0.5901 0 @1 0.0647 1.1 x 10!
PRCC p-value
Parameter Tree-hole & Tiger Model Tree-hole & Tiger Model
(Tree-hole Model, Tiger Model) (Tree-hole Model, Tiger Model)
chipmunk parameters
h -0.3798 (-0.5542, -0.4894) 0(0,0)
N, -0.4716 (-0.6537, -0.5863) 0(0,0)
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Appendix VI — Summary Statistics for Alternate Scenarios

Because the minimum tiger mosquito biting rate is influenced by one particularly low estimate, we
consider an additional analysis with a higher lower bound (0.11) on this parameter. Table A5 presents
results for this analysis. Comparing Table A5 with Table 1 from the main text shows that the qualitative
predictions of the model remain the same, even at a higher minimum tiger mosquito biting rate. In
particular, the presence of the tiger mosquito is still not sufficient to explain the dramatic increase in LAC

in Appalachia.

To explore the role of season length, we consider simulations with both shorter and longer seasons.
Tables A6 and A7 presents results for dynamic simulations of the Tree-hole Model, the Tiger Model and
the Tree-hole & Tiger Model for a system with a three month mosquito breeding season and a system
with a five month mosquito breeding season. Comparing Tables A5 and A6 with Table 1 from the main
text shows, again, that qualitative model predictions remain the same. Specifically, the tiger mosquito
still has a dampening effect on LAC transmission. In general, shorter seasons result in fewer scenarios
where LAC persists. However, when LAC does persist in systems with shorter seasons, many metrics of

disease transmission are, on average, higher.

24



509 Table A5 Summary statistics* for epidemiological metrics based on LHS analysis of the full dynamic model
510 with a higher lower bound on tiger mosquito biting rates; all metrics beyond the first row are only calculated
511 for the subset of simulations that gave infected mosquitoes

Tree-hole Tiger Tree-hole and Tiger
Mosquitoes Mosquitoes Mosquitoes*

Parameter Sets with LAC Persistence 46% 0.26% 24%
End of Season Host Seroprevalence Rate

Mean 88% 76% 84%

Median 99% 82% 98%

Maximum 100% 100% 100%
Mid-Season Host Seroprevalence Rate

Mean 65% 16% 18%

Median 73% 11% 12%

Maximum 100% 68% 99%
Peak No. Infected Mosquitoes (ha™)

Mean 32 61 24

Median 23 52 17

Maximum 281 199 228
Peak Mosquito Infection Rate

Mean 4.6% 1.8% 1.9%

Median 3.6% 1.4% 1.3%

Maximum 28% 4.6% 18%
Average Mosquito Infection Rate

Mean 2.0% 0.52% 0.81%

Median 1.6% 0.45% 0.58%

Maximum 14% 1.5% 7.4%
Max. Human Transmission (mo'person'ha™)

Mean 16 62 14

Median 8.7 44 8.6

Maximum 174 257 269
Timing of Peak Human Transmission

Mean 8/14 9/19 8/22

median 8/10 9/30%* 8/20

Earliest 6/24 8/15 6/29

Latest 9/30** 9/30%** 9/30%**
End of Season Egg Infection Rates

Mean 0.64% 0.07% 0.28%

Median 0.50% 0.07% 0.20%

Maximum 5.7% 0.20% 2.2%

512 *As in the main paper, we do not report minimum values

513 **]n these systems, the abundance of infected mosquitoes was still increasing at the end of the season. This
514 indicates that infection rates do not slow prior to the decline in mosquitoes at the end of the summer.

515
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516 Table A6 Summary statistics for epidemiological metrics based on LHS analysis of the full dynamic model
517 assuming a 3 month mosquito breeding season; all metrics beyond the first row are only calculated for the
518 subset of simulations that gave infected mosquitoes

Tree-hole . Tree-hole and Tiger
Model Tiger Model Model*

Parameter Sets with LAC Persistence 40% 0.09% 19%
End of Season Host Seroprevalence Rate

Mean 88% 82% 84%

Median 99% 92% 97%

Maximum 100% 100% 100%
Mid-Season Host Seroprevalence Rate

Mean 74% 32% 24%

Median 88% 29% 17%

Maximum 100% 70% 99%
Peak No. Infected Mosquitoes (ha™)

Mean 34 58 26

Median 25 62 19

Maximum 280 92 180
Peak Mosquito Infection Rate

Mean 5.0% 2.2% 2.2%

Median 4.0% 2.0% 1.6%

Maximum 29% 4.1% 14%
Average Mosquito Infection Rate

Mean 2.3% 0.54% 0.96%

Median 1.9% 0.42% 0.66%

Maximum 17% 1.4% 7.6%
Max. Human Transmission (mo'person'ha™)

Mean 16 60 15

Median 10 28 10

Maximum 208 131 136
Timing of Peak Human Transmission

Mean 8/03 8/25 8/09

Median 8/01 8/30** 8/10

Earliest 6/22 8/14 6/27

Latest 8/30** 8/30** 8/30%*
End of Season Egg Infection Rates

Mean 0.90% 0.09% 0.38%

Median 0.70% 0.09% 0.28%

Maximum 6.6% 0.22% 3.4%

519 * As in the main paper, we do not report minimum values
520 **]n these systems, the abundance of infected mosquitoes was still increasing at the end of the season. This
521 indicates that infection rates do not slow prior to the decline in mosquitoes at the end of the summer.
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522 Table A7 Summary statistics for epidemiological metrics based on LHS analysis of the full dynamic model
523 assuming a 5 month mosquito breeding season; all metrics beyond the first row are only calculated for the
524 subset of simulations that gave infected mosquitoes

Tree-hole . Tree-hole and Tiger
Model Tiger Model Model*
Parameter Sets with LAC Persistence 49% 0.47% 26%
End of Season Host Seroprevalence Rate
Mean 89% 79% 86%
Median 99% 93% 98%
Maximum 100% 100% 100%
Mid-Season Host Seroprevalence Rate
Mean 58% 8.3% 14%
Median 57% 5.8% 8.9%
Maximum 100% 37% 99%
Peak No. Infected Mosquitoes (ha™)
Mean 32 43 23
Median 20 38 15
Maximum 297 129 218
Peak Mosquito Infection Rate
Mean 4.5% 1.4% 1.8%
Median 3.3% 1.2% 1.2%
Maximum 25% 3.5% 15%
Average Mosquito Infection Rate
Mean 1.8% 0.43% 0.72%
Median 1.4% 0.39% 0.50%
Maximum 12% 1.2% 6.4%
Max. Human Transmission (mo'person'ha™)
Mean 16 57 14
Median 8.2 40 7.9
Maximum 208 259 244
Timing of Peak Human Transmission
Mean 8/24 10/08 9/05
Median 8/18 10/13 9/01
Earliest 6/24 8/24 6/28
Latest 10/30%** 10/30** 10/30%**
End of Season Egg Infection Rates
Mean 0.46% 0.06% 0.20%
Median 0.35% 0.05% 0.15%
Maximum 5.8% 0.19% 1.8%
525 * As in the main paper, we do not report minimum values
526 **]n these systems, the abundance of infected mosquitoes was still increasing at the end of the season. This
527 indicates that infection rates do not slow prior to the decline in mosquitoes at the end of the summer.
528
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Appendix VII — Midwest LAC Cases

To examine LAC trends in the Midwest, we begin with data from Figure 1 of Leisnham and Juliano (66).

Figure A3 shows LAC cases per year, averaged over 1, 5, 10, and 20 year windows. From Figure A3, it

1s clear that there has been a multi-decadal trend towards decreased LAC cases in the Midwest.

LAC cases

LAC cases

1
|
I
|
ot fEVY | M Ay
" 4 ¥ V"U 1 II'
0 .
1960 1970 980 1990 2000 2010
year
80
70 o
v
60 p/ b&
‘o o L.,
a0 \n% e
30 ~agd \\‘
20
10
0
1960 1970 1380 190 2000 2010
year

LAC cases

LAC cases

533
- 1 534
70 hjl IL"{.\I 5 3 5
o ! "\ 536
: P 537
» 538
o 539
1960 1970 1980 1990 2000 50&?0
year
541
= 542
50 .n..“‘
0 \ﬁ“\ 543
» T 544
’: 545
year 546

Figure A3 LAC cases per
year, averaged over (a) 1
year, (b) 5 year, (c) 10
year and (d) 20 year
windows. Original data
are from (66) and sources
within.

Notably, the tiger mosquito was first detected in Indiana, Illinois, and Ohio in 1986 (67, 68) and was

clearly established in southern portions of these states 10 years later (69, 70). Interestingly, this is also

the period over which the Midwest exhibited precipitous declines in LAC cases. Unlike LAC trends in

Appalachia, the long-term declines observed in the Midwest are consistent with general predictions from

our models.

Although the trends in Figure A3 suggest a declining LAC incidence rate in the Midwest coincident with

invasion of the tiger mosquito, we further explore this trend on a state-by-state basis. This is shown in

Figure A4, where we have separately considered (a) Appalachian states, (b) Midwest states that have been
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556  invaded by the tiger mosquito and (c) Midwest states that have not been invaded by the tiger mosquito

557  using data from (71).
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559  Based on Figure A4, we can draw several interesting conclusions. First, we see that North Carolina,

560 Tennessee, and to a lesser extent, Virginia did witness LAC increases coincident with the approximate
561  timing of tiger mosquito appearance in the region (69). However, the uptick in LAC in West Virginia
562  occurs well before the arrival of the tiger mosquito (69, 72). This supports our conclusion that other

563  factors, beyond the tiger mosquito, may be responsible for the upward trend in LAC in Appalachia.

564  (Notably, West Virginia was the state with the most dramatic increase in LAC between 1964 and 2005).
565 Second, we see that Ohio, Illinois and Indiana underwent LAC declines in the late 1980s. Again, this is
566  consistent with the arrival of the tiger mosquito (67, 68). However, it should be pointed out that these
567  declines, like the uptick in cases in West Virginia, appear to be part of larger trends that began somewhat
568  Dbefore tiger mosquito introduction. Furthermore, the observation of similar decreasing trends in

569  Wisconsin and Minnesota suggests that, like the upward trend in cases in Appalachia, the downward trend
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in the Midwest may be relatively independent of the presence of the tiger mosquito. Specifically,
although the tiger mosquito was first detected in Minnesota in 1995 (69), recent surveys suggest that both
Wisconsin and Minnesota remain largely free of tiger mosquitoes (73, 74). Thus, while the lack of
increase in LAC cases in Ohio, Illinois and Indiana broadly support our conclusion that the tiger mosquito
is unlikely to amplify spread, it is unclear to what extent the decrease in LAC in the Midwest is driven by

invasion of the tiger mosquito versus other changes that might be simultaneously occurring.
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Appendix VIII — Conditions Under Which Tiger Mosquitoes Enable LAC Spread

To further explore the role of tiger mosquitoes on LAC spread and persistence, we determine the
conditions under which tiger mosquitoes would be expected to benefit, rather than impede, LAC
transmission. Thresholds are shown in Figure AS5. Notably, for tiger mosquitoes to enhance LAC
transmission, there would need to be extremely large increases in tiger mosquito biting rates on
chipmunks/squirrels (>5 fold), in tiger mosquito-to-chipmunk transmission rates (>15 fold), or in
chipmunk-to-tiger mosquito transmission rates (>5 fold), or else substantial decreases in tiger mosquito

competitive effects on tree-hole mosquitoes (>70% reduction).
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Figure A5 Fold increases in transmission rates (contour labels) and biting rates (x-
axis) and reductions in competitive pressure (y-axis) necessary to switch tiger
mosquitoes from preventing to enabling LAC spread as determined based on peak rates
of transmission to humans. All increases/decreases are relative to parameter values
reflecting the mid-points of the parameter ranges in Table Al.

These results suggest that, if tiger mosquitoes are, in fact, responsible for increasing LAC incidence rates
in Appalachia, then there are likely multiple unaccounted factors at play, including both strong niche
partitioning between tiger and tree-hole mosquitoes, as well as adaptation of LAC to the tiger mosquito
host such that transmission rates to and from the tiger mosquito are substantially higher than currently

available empirical estimates.
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