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Abstract 

Background: As climate variability and extreme weather events associated with climate change become more 
prevalent, public health authorities can expect to face an expanding spectrum of vector-borne diseases with increas-
ing incidence and geographical spread. Common interventions include the use of larvicides and adulticides, as well as 
targeted communications to increase public awareness regarding the need for personal protective measures, such as 
mosquito repellant, protective clothing, and mosquito nets. Here, we propose a simplified compartmental model of 
mosquito-borne disease dynamics that incorporates the use of personal protection against mosquito bites influenced 
by two key individual-level behavioral drivers—concern for being bitten by mosquitos as a nuisance and concern for 
mosquito-borne disease transmission.

Methods: We propose a modified compartmental model that describes the dynamics of vector-borne disease 
spread in a naïve population while considering the public demand for community-level control and, importantly, the 
effects of personal-level protection on population-level outbreak dynamics. We consider scenarios at low, medium, 
and high levels of community-level vector control, and at each level, we consider combinations of low, medium, and 
high levels of motivation to use personal protection, namely concern for disease transmission and concern for being 
bitten in general.

Results: When there is very little community-level vector control, nearly the entire population is quickly infected, 
regardless of personal protection use. When vector control is at an intermediate level, both concerns that motivate 
the use of personal protection play an important role in reducing disease burden. When authorities have the capacity 
for high-level community vector control through pesticide use, the motivation to use personal protection to reduce 
disease transmission has little additional effect on the outbreak.

Conclusions: While results show that personal-level protection alone is not enough to significantly impact an out-
break, personal protective measures can significantly reduce the severity of an outbreak in conjunction with commu-
nity-level control. Furthermore, the model provides insight for targeting public health messaging to increase the use 
of personal protection based on concerns related to being bitten by mosquitos or vector-borne disease transmission.

Keywords: Vector-borne disease, Personal protection, Aedes aegypti, Mosquito-borne, Dynamic model, 
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© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Mosquito-borne disease outbreaks pose a significant 
public health threat, particularly with the looming threat 
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of climate change yielding a wider range of suitable habi-
tats for mosquito populations to thrive. Climate variability 
and extreme weather events associated with climate change 
are expected to result in global increases in the frequency 
and severity of mosquito-borne diseases [1–4]. In addition, 
expanding urbanization, international travel and trade, and 
population growth contribute to the potential for the intro-
duction and sustainability of a mosquito-borne disease out-
break in a naïve population [5, 6]. As public health authorities 
have little control of these underlying factors, they can expect 
to face an expanding spectrum of vector-borne diseases with 
increasing incidence and geographical spread [5, 7].

Successful control of a mosquito-borne disease outbreak 
requires timely, multi-pronged efforts as well as coordina-
tion across sub-populations [8–12]. Effective vector control 
relies on existing public health infrastructure, such as sur-
veillance of vector populations (size, disease incidence), to 
understand and prepare for the risk of impending mosquito-
borne disease outbreaks. Common interventions include the 
use of larvicides and adulticides to reduce vector populations 
and targeted communications to increase public awareness 
regarding the need for personal protective measures, such 
as usage of mosquito repellant, protective clothing, and 
mosquito nets [1]. Community vector control in the USA 
consists of patchwork operations with wide variability in 
capacity for control activities; in a recent study of over 1000 
vector-control organizations, 84% were found critically lack-
ing in capacity for essential vector-control operations [5]. 
These shortfalls pose significant challenges when trying to 
enact coordinated community-level vector control efforts 
sufficient to mitigate the risks of an outbreak.

Broad-scale mosquito control programs are increasingly 
difficult to implement and maintain because of financial and 
environmental considerations and the potential for increas-
ing insecticide resistance. Mitigation efforts may therefore 
be more successful by emphasizing the use of personal pro-
tective measures [6, 13]. Public health surveys in areas with 
endemic mosquito-borne diseases show that most people 
within the study communities perceived mosquitos as a 
problem, as both a biting nuisance (not related to disease) 
and vectors of human disease [14, 15]. Another public health 
survey found the odds of personal protection use to be sig-
nificantly associated with awareness, perceived susceptibil-
ity, and perceived severity of the mosquito-borne diseases 
included in the survey [13]. These community surveys high-
light the importance of public health campaigns focused on 
increasing public knowledge, particularly in these three key 
areas.

Previous works have used mathematical models to explore 
effective vector control strategies, including timeliness of 
implementation [11], community coordination [8, 9], and 
trade-offs between vector control and environmental con-
cerns [16, 17]. In each of these model formulations, control is 

only considered as a population-level approach and does not 
consider individual-level personal protection. In addition, 
many vector-borne disease models that include multiple 
host classes to represent personal protection assume a static 
assignment of individuals to protected and unprotected 
classes [18–22].

Here, we propose a simplified compartmental model of 
mosquito-borne disease dynamics that incorporates the use 
of personal protection against mosquito bites considering 
two key individual-level behavioral drivers of use—concern 
for being bitten by mosquitos as a nuisance and concern 
for mosquito-borne disease transmission. Individual-level 
behavior fluctuates over the course of the outbreak, as indi-
viduals continuously assess their protection status based on 
the adult mosquito population size and the prevalence of 
infected humans. We also consider aggregate average public 
demand for local-level vector control by authorities in our 
model, which is also dictated by the infected human popu-
lation. This general framework can be used to understand 
the motivations for, and impact of, individual choices to use 
personal protection, which can further improve decisions in 
public health campaigns and ultimately reduce burden from 
vector-borne diseases.

Methods
Model
The modified Ross-Macdonald model presented in Suarez 
[16] describes the dynamics of vector-borne disease spread 
in a naïve population while considering the public demand 
for control and the environmental concern the public may 
have regarding broad use of pesticides [16, 23–25]. Their 
model reflects the specific case of Zika virus in Aedes aegypti 
mosquitos. We propose a modified version of the model to 
include the effects of personal-level protection on popula-
tion-level mosquito-borne disease dynamics.

In this model, humans in the population are characterized 
as susceptible  (SH), infected  (IH), or recovered  (RH), where 
the susceptible and infected populations are further divided 
into protected  (SP,  IP) and unprotected  (SU,  IU) classes, as 
shown in Fig 1. Humans in the two protected classes use per-
sonal protective measures that protect against contact with 
mosquitos at an assumed 80% efficacy; therefore, the trans-
mission rates from infected mosquito to susceptible human 
(βH) and from infected human to susceptible mosquito (βM) 
are reduced by 80% via the parameter ρ = 0.2 in the protected 
classes. For simplicity, we do not consider vertical transmis-
sion in either the host or vector or human-to-human sexual 
transmission of the virus.

We assume that susceptible individuals continuously 
re-assess their use of personal protection and move from 
the unprotected susceptible class to the protected suscep-
tible class based on the overall motivation to use personal 
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protection ( P) , where they remain protected for 2 days 
(1/λ) before returning to the unprotected class (and can 
then decide anew to use protection). In this model, humans 
are motivated to use personal protection by two separate 
objectives, to reduce disease transmission and to reduce bit-
ing as a general nuisance. The use of personal protection to 
reduce disease transmission is motivated by the concern of 
disease ( γD ) and the number of infections in the population, 
whereas the motivation related to reducing bites is driven by 
the concern of biting ( γB ) and the size of the adult mosquito 
population.

For simplicity, we assume that protected individuals 
who become infected remain protected through the infec-
tious period, and those who are unprotected at the time of 
infection remain unprotected; thus, protected suscepti-
ble humans move into the protected infectious class, and 
unprotected susceptible humans move into the unprotected 
infectious class  (Fig.  1). This ensures that humans are not 
bouncing back and forth between the two infectious com-
partments without recovering. Individuals in both infectious 
classes move to the recovered class at rate r. Humans in the 
recovered class develop immunity and do not return to the 
susceptible class, so an individual cannot be infected more 
than once. We also include natural births and deaths at rates 
bH and μH, respectively.

In keeping with the Suarez et  al. model [16], we con-
sider the spread of disease related to local human mobility. 
We represent the spatial distribution of the population as a 
square matrix with N patches, where patches can be consid-
ered as average city blocks in a US suburban area. Individu-
als in the population can randomly move from any one patch 

to any other patch. The flux of people moving from patch i 
to patch j is expressed as mij, where mii = 0, and 

∑N
j=1mij = p 

and p is the probability of traveling.
The mosquito population is divided into three classes: 

juvenile mosquitos, or larvae, that do not transmit the virus 
 (LM), uninfected adult mosquitos that are susceptible to the 
virus  (SM), and infected adult mosquitos that can transmit 
the virus by biting a susceptible human  (IM)  (Fig. 1). Adult 
mosquitos lay eggs at rate η , and each patch has a limited car-
rying capacity for larvae, which is defined by the function 
f
(

Mj ,Kj

)

= Mj(1−Mj/Kj) , where Mj = SMj + IMj  is the 
number of adult mosquitos that can lay eggs, and Kj is the 
maximum carrying capacity for patch j. The larvae transition 
to the susceptible adult class at rate ν, and adult mosquitos 
die at rate μM. In addition, mosquitos in the model remain 
within the patch they were born based on evidence that 
Aedes egypti rarely travel large distances [26–28]; therefore, 
the spatial spread of the virus across patches relies solely on 
human mobility.

Humans can also demand for authorities to enact 
mosquito control measures, such as larvicides and adul-
ticides. The amount of control measures applied in a 
given patch is assumed to be equivalent to the demand, 
and it increases with the number of infected people in 
the patch [16]. The demand for adult mosquito control 
(CM) and the demand for larvae control (CL) are also 
impacted by environmental concern regarding the use 
of pesticides ( ǫ ). The use of large amounts of pesticides 
can produce concern over the perceived risks and poten-
tial side effects, even if the pesticides used are innocuous, 
discouraging the demand for control. Thus, we assume 

Fig. 1 Visual representation of the human (blue) and mosquito (gray with orange outline) population dynamics in an isolated patch, where 
infected humans  (IU,  IP) infect susceptible mosquitos  (SM), and infected mosquitos  (IM) infect susceptible humans  (SU,  SP). The mosquito and larval 
control variables (CM and CL respectively) are not shown as compartments here
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a linear dependence between the quantity of pesticides 
applied and the level of environmental concern in the 
patch [16].

For a given patch j,
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j  is the human popu-

lation size, IHj = IUj + IPj  is the total number of infectious 

humans, and Pj =
(
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D
IHj
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+ γ

BMj

)

 represents the moti-

vation to use personal protection based on the propor-
tion of infected individuals and the number of mosquitos 
in the patch. The model variables are defined in Table 1, 
and model parameter descriptions and values are pre-
sented in Table 2.

Scenarios
To analyze the impact of personal-level protection on 
population-level outbreak dynamics, we consider sce-
narios at low, medium, and high levels of community-
level vector control ( γC) by authorities. At each level, we 
consider combinations of the personal protection param-
eters with low, medium, and high levels of concern of 
disease transmission ( γD ) and of concern of being bitten 
in general ( γB ). For each scenario, we solve the system of 
differential equations using an explicit Runge-Kutta for-
mula [29], and then we compare outbreak characteristics 
across the 27 different parameter combinations.

Results
We present scenarios with low, medium, and high levels 
of concern for disease transmission ( γD ) and concern for 
being bitten in general ( γ B ) to compare outcomes across 
scenarios. We consider each combination of these two 
parameters at low, medium, and high levels of commu-
nity  vector control through larvicides and adulticides 
(Table 2).

In addition, we analyze the sensitivity of parameters 
with semi-arbitrary values, including the length of pro-
tection (λ) and the probability of mobility (p). We pre-
sent an abridged version in the Results with more details 
included within Additional file 1  (Additional file 1: Figs. 
S1-S2). We also include figures that show the vector 
dynamics for each level of community control within 
Additional file  1 to show how the vector population 
changes with level of control and proportion of humans 
infected in the population (Additional file 1: Figs. S3–S5).

Low community‑level control
When there is very little to no patch-level vector control 
by authorities, nearly the entire population is quickly 
infected, regardless of personal protection use (Fig.  2). 
Higher levels of concern for being bitten are correlated 
with lower peaks that occur later in the epidemic, and 
increasing the concern for disease yields slightly lower 
peaks with little-to-no difference in peak timing. The dif-
ferences in peak timing, peak size, and epidemic length 
are noted; however, the practical differences are not likely 

Table 1 Model variables and initial conditions for each patch

The initial number of unprotected susceptible humans and susceptible 
mosquitos for each patch is selected from a uniform distribution within the 
specified interval

Variable Description Initial value

SUj
Unprotected susceptible humans ∈ [700, 800]

SPj
Susceptible humans using personal 
protection

0

IUj
Unprotected infectious humans 1 in a random patch

IPj
Infectious humans using personal 
protection

0

RHj
Recovered humans 0

LMj
Mosquito larvae 0

SMj
Susceptible mosquitos ∈ [1200, 1300]

IMj
Infectious mosquitos 0

CM
j

Mosquito control 0

CL
j

Larvae control 0
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significant, as > 95% of the population is infected by the 
end of each scenario (Table 3).

Medium community‑level control
At intermediate or medium levels of vector control, we 
observe the most interesting dynamics of personal pro-
tection. At low concern for disease (Fig. 3, first column), 
increasing concern for being bitten extends the length of 
the outbreak but does not impact the final outbreak size, 
with > 93% of the population infected by the end of each 
simulation (Table 4). Likewise, when the level of concern 
for bites is low (Fig. 3, first row), personal protection for 
concern of disease has little impact on the outbreak, with 
small differences in final proportion infected (Table 4).

While the dynamics visually look similar across γD 
(within rows, Fig. 3), there is a significant decrease in the 
number of infections comparing low concern for disease 
to medium or high, particularly for medium and high 
γ B  (Table  4). At medium levels of γ B , for example, the 
outbreak curves look similar, while the total proportion 
infected decreases from 93.53% to 79.98% as γD increases 
from low to medium (Table 4). There is little difference, 
however, between medium and high γD . In addition, pro-
tection use to reduce bites significantly lowers the total 
proportion infected from 0.91 to 0.8 to 0.68 (medium γD ) 
per level of γ B (Table 4).

High community‑level control
When the population demand for vector control is high, 
increasing concern for disease transmission yields lit-
tle differences while holding γ B constant (within rows, 
Fig.  4); however, this is largely due to the formulation 
of the equations influencing both community- and per-
sonal-level control. The use of personal protection to 
reduce disease transmission ( γD IH

H  ) and the demand for 
community-level control ( γ CIH) both increase with the 
number of infected individuals, and community control 
impacts the dynamics at a greater magnitude than per-
sonal protection, such that higher levels of concern for 
disease transmission have little impact on the overall 
dynamics. The general concern for being bitten, however, 
significantly reduces the outbreak peaks and total pro-
portion of the population that becomes infected for each 
level of γD (Fig. 4, Table 5).

In addition, it should be noted that the scenarios 
for high community-level control differ from low and 
medium in that the number of infections do not reach 
zero by the end of the 500-day simulations (Fig.  4). 
The dynamics suggest that introduction of an infected 
individual would result initially in a spike of cases that 
dwindles over time, resulting in long tails at low infection 
levels and suggesting the outbreaks will continue beyond 
this point.

Table 2 Model parameters and their associated values for the scenarios presented

We assume the same constant values for each patch, excluding the larvae carrying capacity which can vary across patches. The assumed rates were chosen to reflect 
early Zika outbreaks. Each rate is presented on a daily timescale

Parameter Description Value References

βH Transmission rate for humans 1.5 ×  10–4 Assumed

βM Transmission rate for mosquitos 3.0 ×  10–4 Assumed

ρ Relative transmission for protected humans 0.2 Assumed

γ D Concern of disease transmission [low, medium, high] [15, 150, 1500]/700 Assumed

γ B Concern of being bitten [low, medium, high] [0.1, 0.5, 1]/1200 Assumed

1/� Average length of use of personal protection for susceptible humans 2 Assumed

µH Natural death rate for humans (8.6/1000)/365 [9]

µM Natural death rate for mosquitos 1/13 [9]

b
H Human birth rate (9/1000)/365 [30]

r Human recovery rate 0.037 [31]

ν Maturation rate (larvae to mosquito) 1/7 [9]

η Mosquito egg laying rate 10 [9]

p Fraction of people that travel between patches 0.2 [16]

ǫ Environmental concern that demotivates pesticide usage for mosquito and larval control 
[low, medium, high]

[500, 200, 150] [16]

γ
C Demand for community level vector control influenced by disease in the population e−ǫ/50 [16]

τ Time delay on application of control 7 Assumed

Kj Larvae carrying capacity for each patch (j) ∈ [20000, 25000] [16]

N Number of patches 25
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Sensitivity analyses
Within the model, individuals continuously reassess their 
use of personal protection based on both the concern 
for disease and the concern for being bitten, which are 
influenced by the proportion of infected humans in the 
population and the number of mosquitos, respectively. 
When motivation is high enough, individuals move into 
the protected class, where they remain for 2  days (1/λ) 
before moving back to the unprotected class to reassess 
their motivation to be protected. We semi-arbitrarily 
chose the length of 2 days, as we assumed a shorter time 
period would be more realistic than assuming individuals 

are constantly protected for longer periods of time. How-
ever, we were interested in observing how the resulting 
dynamics of the simulations may change for different val-
ues of λ.

We ran many scenarios for increasing lengths of pro-
tection to assess how the dynamics change as λ increases. 
The results show that increasing the length of time in the 
protected class results in a higher percentage of suscepti-
ble individuals being protected (Additional file 1: Fig. S1). 
This is intuitive, as individuals stay in the class longer, 
meaning more individuals will enter the class before they 
leave to reassess their status. This further results in more 
protected infections, as the majority of the population 
is protected, and fewer overall infections, as protection 
plays a role in reducing new infections in both humans 
and mosquitos. We note that this parameter could be 
utilized to distribute susceptible individuals between 
protected and unprotected classes to adjust the initial 
conditions to mirror the proportions within the study 
population.

We also analyzed the sensitivity of the dynamics to 
the value of p, or the probability of individuals moving 

Fig. 2 Incidence curves for each of the simulated scenarios with low community-level vector control, where red curves represent the 
non-protected infectious proportion of the population and blue represent the proportion of protected infections. The level of concern related to 
biting ( γ B) increases as you move down columns, and the concern of disease ( γ D) increases as you move across the rows. High, medium, and low 
values of γ B and γ D are presented in Table 2

Table 3 Final proportion of population infected by the end of 
the outbreak for each of the nine scenarios with low community-
level control

Low γ D Medium γ D High γ D

Low γ B 99.68% 99.10% 98.87%

Medium γ B 98.67% 98.18% 97.56%

High γ B 96.94% 96.21% 95.74%
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between patches. The only notable trend across increas-
ing levels of p is the existence of more variability between 
patches for a low p = 0.1 (Additional file 1: Fig. S2). In the 
first row of Additional file 1: Fig. S2, we can observe dif-
ferences in outbreak timing across patches, represented 
by the staggered start of the individual lines, as opposed 
to the nearly perfectly overlapping curves for the higher 
values of p. Other than this difference for very low values 
of p, our results show that increasing the value of p has 
little additional impact on the dynamics.

Discussion
The explored scenarios provide actionable insight for 
effective public health messaging in combatting the 
threat of vector-borne diseases. First, our results support 
that vector control through pesticide use by authorities is 
likely to be the most effective strategy for reducing dis-
ease burden and that personal protection measures can-
not effectively constrain the outbreak when local vector 
control is not enacted. However, when vector control is 
available, the use of personal protective measures is an 
effective tool for further reducing disease burden.

When vector control is at an intermediate level, both 
concerns that motivate the use of personal protection 
play an important role in reducing disease burden. For 
medium and high levels of concern for disease, concern 
for bites clearly reduces the total number of infections 
(Table  4). When the concern for disease is low, the use 
of protection to prevent bites has no impact on the total 
number of infections (Table 4); it does, however, increase 
the length of the outbreak and lower the size of the peak, 

Fig. 3 Incidence curves for each of the simulated scenarios with medium level community-level vector control, where red curves represent 
non-protected infections and blue represent protected infections. The level of concern related to biting ( γ B) increases as you move down columns, 
and the concern of disease ( γ D) increases as you move across the rows. High, medium, and low values of γ B and γ D are presented in Table 2

Table 4 Final proportion of population infected by the end of 
the outbreak for each of the nine scenarios with medium-level 
community control

Low γ D Medium γ D High γ D 

Low γ B 93.53% 90.71% 88.57%

Medium γ B 93.53% 79.98% 77.72%

High γ B 93.53% 67.92% 66.20%
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essentially ‘flattening the curve’ (Fig. 3). Therefore, based 
on our specific parameters and simulation scenarios, the 
most effective public health messaging approach would 
ensure messaging focused on both vector-borne disease 
transmission as well as general mosquito bite prevention.

When authorities have the capacity for high-level 
community vector control through pesticide use, the 
motivation to use personal protection to reduce disease 
transmission has little additional effect on the outbreak. 
The motivation to use personal protection to reduce 
disease transmission and the motivation to demand 

community-level control are both dictated by the disease 
incidence, so at a high level of demand for pesticide use, 
the personal protection makes little difference on the 
outbreak dynamics (essentially, community-level control 
dwarfs the impact from personal protection). However, 
the general concern for being bitten still significantly 
impacts the total proportion infected  (Table 5), as mos-
quito bite prevention provides earlier intervention com-
pared to reacting to already-occurring disease incidence. 
Therefore, in these presented scenarios, public health 
outreach should focus on general seasonal protection 
from mosquitos rather than disease prevention. When 
demand for control is already high, it may be a waste of 
resources to focus additional outreach on preventing dis-
ease transmission.

We emphasize that the presented results refer to the 
specific simulations explored within this paper and thus 
may not be generalizable across all settings. We also reit-
erate that the presented model is a simplified representa-
tion of more complex mosquito-borne disease dynamics; 
as such, the results should be interpreted with relation 

Fig. 4 Incidence curves for each of the simulated scenarios with high-level community vector control, where red curves represent non-protected 
infections and blue represent protected infections. The level of concern related to biting ( γ B) increases as you move down columns, and the 
concern of disease ( γ D) increases as you move across the rows. High, medium, and low values of γ B and γ D are presented in Table 2

Table 5 Final proportion of population infected by the end 
of the simulation for each of the nine scenarios with high-level 
community control

Low γ D Medium γ D(%) High γ D 

Low γ B 58.29% 58.28% 56.82%

Medium γ B 45.08% 45.19% 43.98%

High γ B 33.96% 33.56% 33.16%
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to the assumptions required. For example, our model 
assumes that the community-level control is 100% effec-
tive; however, this is unlikely representative of actual vec-
tor control operations, and decreasing community-level 
efficacy could then increase the relative impact of bite 
avoidance. The model does not consider aspects that 
can negatively impact the efficacy of vector control, like 
insecticide resistance or improper choice of insecticide. 
Our model also does not consider the seasonality of mos-
quito biting, so mosquitos are assumed to bite equally 
frequently all year, which is not representative of the pat-
terns observed in nature. Incorporating the fluctuation of 
mosquito biting habits with seasonal changes may pro-
vide more realistic results for long-term scenarios and 
would potentially identify phases of vector ecology dur-
ing which to tailor specific foci for public health messag-
ing (i.e., when to highlight disease transmission versus 
bite avoidance).

Another simplifying assumption in our model is 
that each patch in the population reacts equivalently 
regarding vector control and environmental concern. 
In addition, each patch is considered at the same risk 
which is likely an unreasonable assumption. It would be 
interesting for future research to explore disparities in 
mosquito-borne disease risk and how targeted messaging 
vs. general messaging may impact the dynamics—
particularly because typically disadvantaged areas with 
higher risk of an outbreak will also have lower access to 
health care as well as less disposable income to spend on 
personal repellent and protective clothing.

Conclusions
Overall, our model scenarios show the importance of 
personal protection use as a vital mitigation strategy for 
mosquito-borne disease outbreaks. While personal-level 
protection alone is not enough to significantly impact an 
outbreak, personal protective measures can significantly 
reduce the total infections in conjunction with 
community-level control. Furthermore, public health 
messaging can be targeted to increase the use of personal 
protection based on concerns related to being bitten 
by mosquitos or vector-borne disease transmission. 
Some scenarios benefit from a two-pronged messaging 
approach including general mosquito bite prevention 
as well as disease transmission prevention, while other 
scenarios show that focusing attention on disease 
transmission may not be cost-effective or significantly 
reduce disease burden. Therefore, public health officials 
must consider the concerns of the population to provide 
effective messaging that encourages personal protection 
use to manage risks from a mosquito-borne disease.
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