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 ABSTRACT

Aedes aegypti is an anthropophilic vector of several arboviruses, including yellow fever, Dengue virus, Chikungunya 
virus, and the infamous Zika virus. In 2016, Zika virus was spreading rapidly throughout Brazil and mosquito control 
districts expected Zika virus would be imported to Florida and vectored by endemic Aedes aegypti. Aedes aegypti often 
takes advantage of cryptic oviposition sites and therefore circumvents conventional control and surveillance strategies 
used by mosquito control practitioners. The objective of this study was to find Ae. aegypti breeding sites in the tourist 
district of Saint Augustine, FL, using a door-to-door on-foot approach. Mosquito control technicians, biologists and 
interns worked to inspect and treat each property for Ae. aegypti. Additionally, residents were informed about Ae. ae-
gypti and its public health risk factors. In total, Anastasia Mosquito Control District inspected 1199 of the 1995 parcels 
in downtown Saint Augustine (60% coverage) in three months. Artificial containers were found at 1,099 of the homes 
inspected, and Ae. aegypti were found at 120 homes in the area. Each property where mosquito larvae and/or adults 
were detected was treated using source reduction, larvicides and adulticides. Residents were educated about this 
project and Ae. aegypti via small flyers, door hangers, pamphlets and/or verbal communication. This study provided 
insight into the location of Ae. aegypti breeding sites in the tourist district of Saint Augustine, FL, which will facilitate 
future control efforts.
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 INTRODUCTION

Aedes aegypti (L.) efficiently vectors a 
number of arboviruses, including Zika virus, 
yellow fever virus, dengue virus, and chikun-
gunya virus, each of which may cause severe 
morbidity, lifelong health complications and 
sometimes death (Braak et al. 2018). Howev-
er, Zika virus became a notable global health 
concern in 2016 because of its association with 
Guillain-Barre syndrome, rare cases of me-
ningoencephalitis, and birth defects includ-
ing microcephaly and eye issues (blindness, 
optic neuritis, and intraretinal hemorrhages) 
(Koppolu and Raju, 2018). In addition, Zika 
virus is sexually transmitted and can persist 
in sperm for the first few weeks or up to six 
months post-infection (Mead et al. 2018). 
Finally, there is still no vaccine or antiviral 

treatment for Zika virus, leaving little to no 
medical preventative practices and only vec-
tor control to contain its spread (Poland et 
al. 2019). In 2015, there were 62 symptomatic 
Zika virus disease cases in the United States 
and 10 symptomatic cases in U.S. territories 
(CDC, 2019). In 2016, the Zika virus caseload 
increased to 5,168 symptomatic U.S. cases 
and 36,512 symptomatic cases among U.S. 
territories (ibid). With the combination of a 
large spike in Zika virus transmission and no 
available vaccine or antiviral treatment, pre-
venting an outbreak through vector control 
and public outreach became a major goal of 
the mosquito control district in Saint Johns 
County, FL.

Despite the urgency to control Ae. aegypti 
and prevent the emergence of Zika virus in 
Saint Augustine, little information was avail-
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able on vector density and oviposition-site 
locations for targeted treatment of the area. 
Aedes aegypti oviposits in artificial containers 
such as bird baths, bottles, paint buckets, 
discarded tires, and even bottle caps (CDC, 
2017). Along with artificial containers, bro-
meliads were recently identified as both a 
harborage and oviposition site for Ae. aegypti 
(Wilke et al. 2018; Wilke et al 2019). Peri-do-
mestic mosquitoes rest underneath brome-
liad leaf axils to prevent dehydration in the 
heat (Muzari et al. 2014), feed from brome-
liad flowers and extrafloral nectaries (Xue et 
al. 2018), and oviposit in the water collected 
between bromeliad leaf axils (Pittendrigh, 
1948; O’Meara et al. 2003; Mocellin et al. 
2009; Xue et al. 2018). Along with brome-
liads, container-inhabiting mosquitoes are 
also found in man-made structures, such as 
wells (Russel et al. 1992), rain barrels (Chris-
tophers, 1960), roof gutters (Montgomery 
and Ritchie, 2002), and construction sites 
(Liang et al. 2018).

Aedes aegypti has a dynamic history in 
Saint Johns County that was heavily driven 
by the invasion of Aedes albopictus (Skuse). 
Aedes aegypti was detected in Saint Augustine 
and most of Florida around the early 1900s 
when dengue fever outbreaks were occur-
ring throughout the state (Rey, 2014). Aedes 
albopictus was first detected in discarded tires 
in northeast Florida (Duval County) around 
1986 (O’meara et al. 1995) and began dis-
placing Ae. aegypti in Saint Johns County 
when it invaded the area in 1989 (ibid). By 
1994, Ae. albopictus was found throughout 
much of Florida and displaced Ae. aegypti in 
many locations (ibid). This pattern of Ae. 
albopictus displacement of Ae. aegypti also 
occurred in other regions within the Unit-
ed States and elsewhere (Lounibos, 2007; 
Kaplan et al. 2010; Lounibos and Kramer, 
2016). In 2016, Ae. aegypti was detected in 
Saint Augustine after 12 years of absence 
while dipping larvae from a tire near a busy 
tourist site, which prompted an increase in 
Ae. aegypti surveillance in the area so that 
targeted treatments based on mosquito loca-
tion could be implemented.

In Saint Augustine, FL, the Anastasia Mos-
quito Control District (AMCD) is still devel-

oping a program focused on the surveillance 
and control of Ae. aegypti, which is especially 
important because Saint Augustine attracts 
numerous international tourists. In 2016, 
AMCD first started its door-to-door mosqui-
to surveillance and control campaign with 
the goal of eradicating Ae. aegypti from major 
tourist areas. A similar campaign was tried 
in Brazil in the early 1930s. There the strat-
egies for eradication were to identify areas 
that favored the spread of yellow fever (e.g., 
areas infested with Ae. aegypti) and survey the 
human population through testing and au-
topsies (Löwy, 2017). During this campaign, 
weekly inspections were made at Aedes-infest-
ed areas with fines for non-compliant resi-
dents (ibid). Mosquito inspectors were heav-
ily supervised, which was key to the success 
of the program (ibid), and in the 1940s, Ae. 
aegypti was deemed “eradicated” in Brazil. 
However, Ae. aegypti control efforts were not 
standardized throughout the Americas (Kot-
sakiozki et al. 2017; Löwy, 2017), and these 
non-uniform standards allowed Ae. aegypti 
to re-invade Brazil from nearby countries 
like Venezuela and the United States (ibid). 
The 2016 eradication efforts by the Anasta-
sia Mosquito Control District involved the 
identification of Aedes habitats, inspection, 
and treatment of the area one day per week 
for 3 – 4 hours. However, the eradication pe-
riod was limited to just three months, con-
fined to just the downtown area, and little 
information was collected about Aedes ovipo-
sition and resting sites. In 2016, Ae. aegypti 
was detected in only six locations in down-
town Saint Augustine, whereas Ae. albopictus 
and Culex quinquefasciatus Say were detected 
throughout the rest of the downtown area.

Biological larvicides are often used in an 
integrated mosquito management program 
to limit the application of adulticides. How-
ever, controlling Ae. aegypti has proven to be 
difficult due to their propensity to oviposit 
in a variety of cryptic breeding sites, as well 
as their egg resilience, insecticide resistance, 
and their close association with humans (Re-
iter, 2007; Viennet et al. 2016). Due to these 
challenges, improvements are needed to ef-
fectively control Ae. aegypti with integrated 
pest management practices. In 2017, AMCD 
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continued the door-to-door Ae. aegypti con-
trol campaign begun in 2016, but with the 
goal of implementing higher resolution 
surveillance of Ae. aegypti compared to the 
2016 efforts by inspecting every property, 
business, and street in the downtown Saint 
Augustine area.

This article focuses only on the surveil-
lance improvements for the 2017 Ae. aegypti 
eradication campaign in Saint Augustine. 
Surveillance was conducted through in-
dividual parcel inspections on foot, going 
through the back and front of each prop-
erty, business, or abandoned lot to search 
for larval and adult Ae. aegypti. Data were 
collected from each inspected parcel in the 
downtown area concerning container den-
sity, larval and adult mosquito presence, and 
human housing characteristics (air condi-
tioning and screened windows/entrances). 
These data were used to map locations that 
could potentially act as Ae. aegypti habitat 
and therefore glean information on new 
and existing areas where control efforts 
could be better focused, making control of 
Ae. aegypti more efficient. Close attention 
was paid to areas that had Ae. aegypti larvae 
and/or adults to identify potential hot-spot 
areas for future container management and 
insecticide application. Efforts were made 
to control the population while conducting 
surveillance during the 2017 campaign, but 
no data are provided on the success or fail-
ure of control practices.

 MATERIALS AND METHODS

Data concerning 1,995 parcels was gath-
ered from the Saint John’s County Apprais-
er’s Office, and addresses were collated into 
excel sheets for teams to refer to in the field. 
The following information about each par-
cel was collected by field teams: Number of 
containers, presence of larvae and adults 
and number of bromeliads. Additionally, the 
presence of barriers (screened windows/
doors and air conditioning) to the inside of 
homes and businesses was documented be-
cause they are recommended by the CDC 
to prevent blood feeding activity from Ae. 
aegypti (CDC, 2019). The spatial distribu-

tion of containers was analyzed using a map 
produced on ARC-GIS (Redlands, CA). The 
surveillance study was conducted for a to-
tal of three months from May to August in 
2017. Each parcel was examined for 5 - 10 
minutes depending on the size of the prop-
erty and time needed for larval source re-
duction and insecticide application. Adult 
mosquitoes were treated with DUET® di-
luted 50% with Orchex oil (Clarke®, St. 
Charles, IL) using a Longray Handheld Pio-
neer ULV fogger (PestGoAway®, Hayward, 
CA). Artificial containers were treated with 
Natular® DT tablets (Clarke, St. Charles, 
IL) and Sustain MBG (AllPro®, Northville, 
MI) according to the specifications on the 
insecticide labels. Team investigations and 
treatments of parcels were only done once 
with no return inspections, which was due 
to the large number of parcels and limited 
personnel for inspections and treatments. 
Each team was supplied with a backpack 
to hold all supplies and PPE and included: 
Pasteur pipets and turkey basters for larval 
collections from artificial containers, whirl 
packs for transporting a minimum of 10 
live larvae from positive parcels back to the 
laboratory for analysis, markers and pens to 
record data into log sheets for each parcel, 
and binders for holding the data sheets for 
each team. Collected larvae were brought 
back to the lab, separated by address, and 
identified to species after adult emergence 
on a lab bench at room temperature and/or 
in an insectary at 28°C and 80% relative hu-
midity. Residents were educated throughout 
the program about Ae. aegypti and Zika virus 
from Mosquito control experts and the local 
Department of health using door-hangers, 
pamphlets, and in-person conversation.

 RESULTS

From May through August 2017, field 
teams inspected 1,199 out of the 1,995 par-
cels assigned to them, which was a 60% cov-
erage of the downtown Saint Augustine area. 
Some inspections were more exhaustive 
than others due to access limitations at some 
properties. For breeding site inspections, a 
container was defined as any object visible 
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to technicians that could hold at least 2.5 
mLs (or one bottlecap) of water. Field teams 
found containers on 91% (1,088) of the par-
cels that were inspected (Table 1). Container 
density and location was mapped using ARC-
GIS to determine the distribution of homes 
that are likely breeding sites for Aedes aegypti 
(Figure 1). Bromeliads were also detected in 
downtown Saint Augustine. Specifically, 11% 
(132) of the parcels investigated had at least 
1 bromeliad, and 54% (71) of the bromeliad-
positive sites had more than 10 per parcel. If 
more than 10 containers and/or bromeliads 
were found at a parcel, it was considered a 
major potential breeding site for Ae. aegypti. 
Larvae were detected at 19.5% (235) of the 
parcels that were inspected. These were col-
lected and raised to adulthood for species 
identification. Only a portion of the larvae 
collected were identified due to limitations 
in employees and resources. For a sample of 
154 larval positive parcels, Aedes aegypti was 
identified at 78% (120) of them and their 
locations were tracked on Google maps® 
(Google, San Francisco, CA) (Figure 2).

The presence/absence of barriers 
(screened windows/doors and air condition-
ing) to the inside of homes and businesses 
was also documented because they are rec-
ommended from the CDC to prevent feed-
ing activity from Aedes aegypti (CDC, 2019). 
Screened windows/doors were found at 
48.8% (585) of the inspected parcels and air 
conditioning was found at 86.9% (1,042).

 DISCUSSION

In the summer of 2017, Anastasia Mos-
quito Control District field teams inspected 

approximately 60% of the parcels in down-
town Saint Augustine. Container distribu-
tion based on density and location were 
mapped for future reference as potential Ae. 
aegypti oviposition sites. Bromeliad density 
and location were also documented for fu-
ture surveillance and larval control. Houses 
and buildings with barriers to prevent mos-
quito entry, such as screened windows/doors 
and air conditioning, were found on at least 
48% of the parcels inspected. The major-
ity of mosquitoes collected from downtown 
Saint Augustine during the surveillance pe-
riod were either Cx. quinquefasciatus or Ae. 
aegypti. Ae. albopictus was not detected from 
door-to-door container inspections through-
out the study duration.

One of the major findings from this re-
search was the number of houses with a high 
density of water-holding artificial containers. 
Each parcel containing 10 or more contain-
ers may represent a threat to human health 
due to the likelihood of attracting gravid 
female Ae. aegypti, although there are no 
universally accepted thresholds for larval in-
dicators above which arbovirus transmission 
is likely to occur (CDC 2017). Nevertheless, 
high container density may increase the like-
lihood of Ae. aegypti establishment, which 
could lead to continued spread of this spe-
cies and ultimately pathogen transmission 
and incidence of human disease. Important-
ly, parcels with a high density of containers 
were spread throughout the study area, with 
some such parcels adjacent to one other in 
small clusters. The latter situation is relative-
ly easy to treat, but when target parcels are 
spread out, greater effort and expense are 
required to reach them for chemical appli-
cation. Another potential breeding site for 
Ae. aegypti are bromeliads, which were also 
found throughout the downtown area. Bro-
meliad density varied among parcels from 
complete absence to low (1-8 bromeliads) or 
high (>10) densities. Although bromeliads 
are eye-catching and hardy, they potentially 
act as harborages for Ae. aegypti and other 
mosquito species by providing shade, nec-
tar through floral and extra-floral nectaries, 
and water collected in leaf axils, which func-
tion as oviposition sites (Wilke et al. 2018). 

Table 1. Downtown Surveillance of Ae. aegypti – param-
eters and data

Start date May 2017
End date August 2017
Total acres 825
Number of Parcels 1995
Parcels Inspected 1199
Parcels inspected with containers 1088
Parcels inspected with bromeliads 132
Parcels inspected with larvae 235
Parcels inspected with Aedes aegypti 120
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Regarding the latter, studies examining the 
use of bromeliads as breeding sites for Ae. 
aegypti have had conflicting results. Multiple 
studies in Brazil have shown that Ae. aegypti 

oviposit in leaf axils, but not to a degree that 
is biologically significant (Maciel-de-Freitas 
et al. 2007; Mocellin et al. 2009; Santos et 
al. 2011). Additionally, when bromeliads 

Figure 1. Container distribution in downtown Saint Augustine. The map shows the distribution of containers in 
the parcels inspected throughout downtown Saint Augustine. Container density varied from 0 to greater than 10, 
represented by circles with a gradient of color temperature and size as shown in the legend.
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were targeted for control during dengue 
outbreaks, Mocellin et al. (2009) suggested 
that bromeliads should not be the focus of 
intervention strategies. However, Wilke et al. 
(2018) surveyed bromeliads in Miami dur-
ing a Zika virus outbreak and showed that 
bromeliads may have led to the proliferation 

of Ae. aegypti in that city. In addition, previ-
ous studies found Ae. albopictus, Ae. aegypti, 
and other mosquitoes that vector pathogens 
breeding in bromeliads from Saint Augus-
tine (Bibbs et al. 2018; Xue et al. 2018). Con-
sidering that bromeliads in Miami and Saint 
Augustine act as potential oviposition sites 

Figure 2. Distribution of Ae. aegypti in parcels inspected throughout downtown Saint Augustine. Below is a 
satellite image of downtown Saint Augustine with blue map pins inserted at addresses where Ae. aegypti larvae were 
captured. The black scale bar below is 1000 feet.
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for Ae. aegypti and Ae. albopictus, they warrant 
continued surveillance and treatment for 
container-inhabiting mosquitoes that could 
vector Zika virus to Florida residents.

One of the caveats to door-to-door surveil-
lance strategies is the time and labor costs as-
sociated with regular inspections. Aedes mos-
quitoes in urban and suburban locations are 
elusive because they deposit eggs in hard to 
reach, or cryptic, oviposition sites. Examples 
of cryptic oviposition sites include corrugat-
ed extension spouts (Unlu et al. 2014), gut-
ters, exposed septic tanks, storm drains, and 
old sprinkler heads (CDC, 2017). In order to 
detect these sites, field teams needed to per-
form a thorough search of each parcel. This 
area was relatively small compared to other 
areas throughout the county, but due to a 
high density of parcels (at least 2000) and 
limited accessibility to sections of property, 
the detection of all mosquito oviposition 
sites, especially cryptic ones, was not feasible. 
If Saint Augustine had been in a mosquito-
borne disease epidemic, 90% of the homes 
would have needed to be inspected within a 
one-week period (CDC, 2017) to collect the 
surveillance data needed to contain patho-
gen transmission. For perspective, it took 
field teams in this study three months to cov-
er 60% of the total downtown area. Thus, a 
door-to-door strategy may be more effective 
in isolated areas with a smaller concentra-
tion of homes where time can be given for 
thorough inspections of each parcel.

AMCD personnel also faced multiple 
challenges when trying to perform door-to-
door inspections. Weather events, like mas-
sive rain or extreme heat, prevented field 
teams from inspecting homes for multiple 
days throughout the summer. Additionally, 
a small number of homeowners refused in-
spections of their home and/or made their 
parcels inaccessible. Finally, Saint John’s 
County experienced multiple mosquito out-
breaks and two hurricanes during the 2016 – 
2017 fiscal year which limited resources and 
manpower for urban mosquito control in 
downtown Saint Augustine. To circumvent 
these issues, new strategies that allow for 
rapid and thorough detection of container 
density should be developed.

The downtown Ae.aegypti surveillance 
project revealed that just over half the par-
cels in downtown Saint Augustine may func-
tion as breeding sites for Ae. aegypti, and a 
portion of them may function as major hot 
spots for Ae. aegypti activity. Despite the data 
compiled during this investigation, some 
questions remain unanswered. What is the 
most effective toolset available to mosquito 
control districts to effectively control Ae. 
aegypti where parcel density is high? What 
factors led to the resurgence of Ae. aegypti 
in downtown Saint Augustine, and can this 
be prevented from occurring in the rest of 
Saint Johns County? New methodologies 
are currently under development to prevent 
further spread of Ae. aegypti, such as lethal 
ovitraps, incompatible insect technique, and 
sterile insect technique. The coupling of new 
control methods with thorough surveillance 
strategies may make these new technologies 
more efficient for mosquito abatement and 
disease prevention.
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