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EVALUATION OF THE HOST DECOY TRAP
Abstract
Sampling of adult Anopheles mosquito vectors is a vital part of both understanding
disease transmission as well as evaluating intervention strategies. The Human Landing Catch
(HLC), though the Gold standard for sampling adult mosquitoes, has several issues. This
research evaluates the Host Decoy Trap (HDT) in San José de Chamanga, Esmeraldas, Ecuador
as a potential replacement for Human Landing Catch (HLC). Direct comparisons of trapping
efficacies were performed between HDTs baited with a human and with a dog. Parallel HLC
collections allowed for the evaluation of how HDT catches compared to HLCs. Collections took
place from May 13, 2019 to May 22, 2019 over six trapping days. Both HDTs rotated between
two sites, while the HLC was stationary. Statistical analysis found no significant difference in the
number of Culex spp. trapped by human baited HDT and HLC (p-value = 0.323). Analysis also
showed a Culex spp. preference for the human baited trap over the dog baited trap, Culex being
23.2% (CI., 9.5-34.9%; p-value = 5.8104E-16) more likely to choose the human baited trap. No
Anopheles spp. were caught by the HDT. This study demonstrates that the HDT is not a tool that
should be used to capture or evaluate Anopheles-related studies in this area, however, it can be
used for Culex related studies.
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Introduction
This research compares the Host Decoy Trap (HDT) method of catching host-seeking
mosquitoes with Human Landing Catch (HLC). HDT and HLC are compared in terms of their
suitability for sampling populations of mosquitoes to evaluate vector control strategies. Malaria
is the deadliest vector-borne disease, causing 435,000 deaths in 2017 (WHO, 2018). It is vital for
researchers and health officials to monitor malaria vectors to correctly assess both transmission
dynamics as well as the impact of vector control interventions (Lines, Curtis, Wilkes, & Njunwa,
1991).
Malaria
The global malaria burden. Mosquitoes are indirectly responsible for 830,000 deaths
every year (Gates, 2018). Mosquitoes are the vectors for malaria, yellow fever, chikungunya, and
West Nile Virus (WNV) (Gates, 2018). Malaria is the deadliest mosquito-borne disease, causing
435,000 deaths in 2017 (WHO, 2018).
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Figure 1. World estimated malaria cases. This graph indicates the number of malaria cases in the world as indicated in the WHO
World Malaria Report (2018). The X axis indicates the year. The Y axis indicates the number of world malaria cases in
thousands. Red numbers on the graph indicate the number of malaria cases per year.
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The global malaria burden was dropping until 2015 but has been on the rise since then
(Figure 1.). The World Health Organization (WHO) reports progress in eliminating the parasite
is stalling in many countries in South America and Africa (WHO, 2018). The Pan American
Health Organization (PAHO) found in its 2016 report that malaria transmission increased
significantly in the Americas (Pan American Health Organization & World Health Organization,
2017). PAHO recommends stronger surveillance efforts in malaria-endemic countries to prevent
outbreaks and reintroduction of malaria in areas where it has been eliminated (Pan American
Health Organization & World Health Organization, 2017).
Malaria on the Rise. Malaria is a parasitic infection transmitted by Anopheles spp.
(Ashley, Pyae Phyo, & Woodrow, 2018). The parasite that causes malaria is Plasmodium spp.
and is characterized by fever and hemolysis (Ashley et al., 2018). Malaria can be fatal in young
children and the immunocompromised (Ashley et al., 2018). In South and Central America, there
were 975,700 malaria cases in 2017, and 138 million people were at risk of contracting the
parasite (WHO, 2018). Malaria is transmitted in South American mainly in the region of the
Amazon Rain Forest. Plasmodium vivax is more common than P. falciparum in the Amazon
region (Recht et al., 2017).
Malaria in South and Central America. Malaria had a 14% increase in transmission in
South and Central America between the year 2014 and 2015 (Pan American Health Organization
& World Health Organization, 2017). Eight countries reported an increase in malaria
transmission including Venezuela, Colombia, the Dominican Republic, Ecuador, Guatemala,
Honduras, Nicaragua, and Peru (Pan American Health Organization & World Health
Organization, 2017). Columbia, Ecuador, and Venezuela reported an increase in Plasmodium
falciparum in 2016 (Pan American Health Organization & World Health Organization, 2017).
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Increased P. falciparum transmission may be the result of diminished attention on malaria
control efforts and the implementation of vector control measures (Pan American Health
Organization & World Health Organization, 2017). The WHO notes a part of the increase may
be due to mosquito insecticide. Pyrethroid insecticide resistance is on a steep rise in malariaprone areas in Africa since 2010 (WHO, 2018). Ecuador currently provides insecticide-treated
bed nets free to people of all
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Figure 2. Malaria cases in Ecuador. This graph indicates the number of malaria cases in Ecuador as
indicated in the WHO World Malaria Report (2018) from 2010 to 2017. The X axis indicates the
year. The Y axis indicates the number of annual malaria cases. Red numbers on the graph indicate
the number of malaria cases in a given year.

Malaria in Ecuador.
P. vivax and P. falciparum are
endemic to Ecuador’s coastal

region. Both parasites were eliminated from some regions in the country. From 1990 to 2012, a
total of 62,000 malaria cases were reported in Ecuador’s El Oro Province (Krisher et al., 2016).
Ecuador’s vector control program and disease surveillance programs are credited with
eliminating malaria in El Oro Province in 2011 (Krisher et al., 2016). However, malaria
increased in other parts of the country, starting in 2015 (WHO, 2018).
Ecuador was on the verge of eliminating malaria in 2014. The WHO malaria report found
only 242 cases (Figure 2.) of malaria in Ecuador in the year 2014 (World Health Organization &
Global Malaria Programme, 2017). That is a 99% decrease in the number of malaria cases since
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2001 (WHO, 2017). However, the number of cases increased to 1,191 confirmed malaria cases in
2016 (WHO, 2018).
Factors that may influence the rise in Malaria cases. Several factors may be causing
the recent rise in malaria transmission. A 2016 earthquake caused an increase in vector-borne
diseases near coastal cities, namely the town of Muisne (Vasquez et al., 2017). Political
instability and violence are forcing people from malaria-endemic areas to migrate to Ecuador,
possibly reintroducing the disease (Pan American Health Organization & World Health
Organization, 2017; US Committee for Refugees and Immigrants, 2019).
The malaria burden in Venezuela accounted for more than half of all malaria cases in the
Americas in 2017 (WHO, 2018). The country is experiencing a rise in the prevalence of malaria,
leishmaniasis, Chagas disease, and arbovirus infections (Hotez, Basáñez, Acosta-Serrano, &
Grillet, 2017). Many of these infections are being spread to other South American countries with
the migration of people (Hotez et al., 2017). Venezuela’s social and economic instability is
causing mass migration from Venezuela to other countries (Grillet, Villegas, Oletta, Tami, &
Conn, 2018).
Jaramillo-Ochoa et al. (2019) found five imported malaria cases from Venezuelan
migrants in an area where the parasite was previously eliminated in Ecuador. The cases were
found in Ecuador’s El Oro region (Jaramillo-Ochoa et al., 2019). Residents residing within 1 km
of these cases tested negative for malaria (Jaramillo-Ochoa et al., 2019). Entomological
researchers found Aedes aegypti and Culex spp. mosquitoes in the homes of the infected
individuals, but did not find Anopheles mosquitoes (Jaramillo-Ochoa et al., 2019).
Zika virus (ZIKV) incidence spiked in Ecuador, coinciding with a 2016, 7.8 magnitude
earthquake (Vasquez et al., 2017). The quake killed hundreds of people in cities near Chamanga,
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Ecuador, and leveled many human-made structures (Pearson, 2016). Zika can be spread through
vector contact similarly to malaria. More research needs to be done to understand if the same
disaster caused a spike in malaria. However, it may be safe to draw the same conclusions about
malaria for the following reasons. The quake displaced thousands of people, and previous
research has shown that displacement and overcrowding may increase the exposure to vectors
(Salazar, Pesigan, Law, & Winkler, 2016). Earthquakes destroy property, sewage, and water
infrastructure and that may lead to an increase in the number of malaria vector breeding sites
(Feng, Xia, Zhang, Cheng, & Wang, 2016; Salazar et al., 2016). The stress caused by the
earthquake could weaken immunity in the population, increasing susceptibility to illnesses like
malaria (Segerstrom & Miller, 2004). Finally, people seek out more medical help after a disaster
for many health reasons, including infections (Daniels, Chapin, Aspilcueta, & Doocy, 2009).
Malaria is a disease of poverty. Half of all Ecuadorians are reported to live in poverty
(CIA, 2017). People who live in poorly constructed homes are more than twice as likely to
contract malaria (Degarege, Fennie, Degarege, Chennupati, & Madhivanan, 2019). Uneducated
people are 36% more likely to contract malaria (Degarege et al., 2019). Farmers are 48% more
likely to contract malaria (Degarege et al., 2019) The odds of malaria infection increase 2% with
every decreased dollar in income (Degarege et al., 2019). Environmental factors of where a
home is located also play a significant role. The presence of water for irrigation around villages
and houses is also a significant risk factor for malaria (Guthmann, Llanos-Cuentas, Palacios, &
Hall, 2002).
Malaria is especially dangerous for the young. Plasmodium infection has adverse fetal
outcomes for teenage mothers (Espinoza, Hidalgo, & Chedraui, 2005). Contracting malaria while
pregnant is associated with higher rates of intrauterine fetal death, premature birth, and low fetal
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birthweight (Espinoza et al., 2005). Many of these maternal cases come from women who did
not know they had malaria. Ecuador researchers tested 648 blood samples from pregnant women
around the country (Sáenz et al., 2017). They confirmed an asymptomatic malaria prevalence of
7.5% (6.9% P. vivax and 0.6% P. falciparum) (Sáenz et al., 2017).
Mosquito Species in Ecuador
Anopheles spp. Anopheles species are principal vectors of malaria around the world. An.
albimanus is the primary malaria vector in the Caribbean and is found in South America (Belkin,
Heinemann, & Page, 1970). Species larvae are salt tolerant (La Casse & Carpenter, 1955). An.
albimanus habitats are found in sunlight and shaded areas with floating, emergent vegetation,
scum, and algae (La Casse & Carpenter, 1955). Habitats may have muddy bottoms and turbid
water (La Casse & Carpenter, 1955). An. albimanus is human-biting activity is reported at 4.74
mosquitoes per human, per from 18:00 to 6:00 hours (Ryan et al., 2017). Anopheles calderoni is
found in South and Central America (R. E. Harbach, 2004). The species is a known vector of P.
vivax in Peru (Kroeger & Alarcón, 1993). An. calderoni biting activity peaks at 1.6 mosquitoes
per human, per hour at (Orjuela et al., 2015).
Culex spp. There are also many medically important Culex mosquito species in Ecuador
and the Americas. Mosquitoes in the genus Culex are found to be opportunistic feeders
(Mwandawiro et al., 2000). Culex species are influenced by previous experience when choosing
a host (Mwandawiro et al., 2000). Some species that previously fed on cows preferred cows
(Mwandawiro et al., 2000). Other Culex that previously fed on pigs are likely to choose a pig
host again (Mwandawiro et al., 2000). Previous research has shown Culex to feed on humans at a
rate of 1.38 per human, per hour from 18:00 to 6:00 hours (Ryan et al., 2017).
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Culex nigripalpus is found in North America and South America (Belkin et al., 1970).
Cx. nigripalpus is a vector of Eastern equine encephalitis, St. Louis encephalitis and West Nile
Virus (WNV) (Turell et al., 2005). Cx. nigripalpus larvae are found in ditches, grassy pools, and
marshes (Belkin et al., 1970). Cx. nigripalpus can be found in ruts carved by wheels, and
artificial containers (Belkin et al., 1970). Cx. nigripalpus is a common human-biting and is
known to be attracted to donkey or chicken baited traps (Belkin et al., 1970).
Culex pipiens is found on every continent except for Antarctica (R. Harbach, 1988). Cx.
pipiens is a medically important vector of WNV, Sindbis virus, Rift Valley Fever, and
Bancroftian filariasis (R. Harbach, 1988). Larvae are known to live in polluted cesspits, clear
water pools, and containers (R. Harbach, 1988). This species usually breeds in stagnant water in
either shaded or unshaded areas (R. Harbach, 1988).
Culex quinquefasciatus is found on all continents except for Antarctica (Sirivanakarn,
1976). Cx. quinquefasciatus is a medically important vector of avian malaria, Wuchereria
bancrofti, Western equine encephalomyelitis, St. Louis encephalitis, and heartworm in dogs
(Sirivanakarn, 1976). The species has a preference for feeding on humans but is an opportunistic
biter, feeding on other mammals as well (Sirivanakarn, 1976). Cx. quinquefasciatus larvae can
occupy bodies of polluted water close to human habitation (Sirivanakarn, 1976).
Culex restuans is a medically important vector of St. Louis encephalitis and WNV (Turell
et al., 2005). Cx. restuans prefers other mammals to humans (La Casse & Carpenter, 1955).
However, the species is opportunistic, feeding on humans when other host sources are nearby
(La Casse & Carpenter, 1955). Larvae of Cx. restuans can be found in water found in ditches,
streams, woodland pools, and human-made containers (La Casse & Carpenter, 1955).
Monitoring malaria vectors
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Mosquito traps can be used to get information on the distribution, seasonality, host
preferences, behavior, vector densities, and effectiveness of mosquito control methods (Medlock,
Balenghien, Alten, Versteirt, & Schaffner, 2018). To gather this information, researchers have
proposed several different trap designs as exposure free methods of capturing Anopheles spp.
mosquitoes.
HLC. Human Landing Catch (HLC) is considered the gold standard in representing
human exposure to host-seeking mosquitoes. The HLC collection method has some welldocumented limitations. Researchers and ethical review boards are starting to raise concerns over
the safety of HLC participants because of recent changes in mosquito ecology and behavior as
well as malaria ecology (Walker et al., 2013).
There may also be collector bias in HLC results (Briët et al., 2015). A common criticism
of HLC is that the number of mosquitoes caught with HLC can vary from collector to collector.
HLC participants have different levels of skill in catching mosquitoes as well as varying levels of
attractiveness to mosquitoes (Briët et al., 2015; Service, 1993; World Health Organization,
2013). There are also a growing number of concerns over the ethical implications of potentially
exposing collectors to infectious mosquito bites (Achee, Youngblood, Bangs, Lavery, & James,
2015; Lima et al., 2014; Ndebele & Musesengwa, 2012). Mosquitoes are vectors of malaria,
yellow fever and other dangerous arboviruses (Achee et al., 2015; Lima et al., 2014; Ndebele &
Musesengwa, 2012). HLCs are also labor intensive and can be expensive if field technicians are
hired to perform the collection.
HLC participants are at risk of infected bites at times when they would usually be
protected. The World Health Organization recommends universal insecticide-treated net
coverage for all persons living in malaria-endemic areas (WHO, 2018). HLC participants may be
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exposed to vector-borne disease by not sleeping under a bed net in these areas at night (Walker et
al., 2013). Adults in malaria-endemic areas have acquired immunity to the parasite (Walker et
al., 2013). However, many adults may be losing this immunity with decreasing malaria
transmission in some countries (Walker et al., 2013). Decreased immunity and lack of protection
could put HLC participants at risk of malaria.
Malaria chemoprophylaxis may help non-immune HLC participants, and researchers stay
clear of malaria infection (Walker et al., 2013). However, malaria in some countries is becoming
resistant to chemoprophylaxis, including some strains in South and Central America (Boggild et
al., 2014; Kain, Shanks, & Keystone, 2001). Chemoprophylaxis users also report side effects that
may cause them to stop taking the drug (Croft & Garner, 1997; Schlagenhauf, 1999). Twentyfive percent to 50% of chemoprophylaxis users report side effects like nausea, strange dreams,
dizziness, mood changes, insomnia, headache, and diarrhea (Croft & Garner, 1997;
Schlagenhauf, 1999).
Attempts at finding a suitable replacement for HLC have not proven as useful as HLC
(Walker et al., 2013). Considering the risks to HLC participants, there is a growing need. For
new vector monitoring methods that match the versatility and sensitivity of HLC (Walker et al.,
2013).
To circumvent the ethical issues with HLCs, several different exposure free traps are used
to capture Anopheles spp. mosquitoes. Though efficacious to various degrees (reference), none
compare to the HLCs overall sampling efficacy. Exposure free traps include the following:
Light traps. The modern Centers for Disease Control Light Trap (CDC-LT) was
invented by Dr. W. Daniel Sudia and Roy Chamberlain in 1954 (Sudia & Chamberlain, 1988).
The CDC-LT is a small machine that often hangs from a tree, light pole, or other human-made
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objects (Sudia & Chamberlain, 1988). It has a small light at the top to attract mosquitoes and a
small fan that blows mosquitoes to be collected into a small bag (Sudia & Chamberlain, 1988).
Light traps attract most mosquitoes at night and work best when there is little light pollution
(Medlock et al., 2018). Dry ice can be added to a light trap, creating a plume of CO2, as an
attractant to mosquitoes (Medlock et al., 2018; Sudia & Chamberlain, 1988).
Host baited traps. Researchers use animal bait in host baited traps (Medlock et al.,
2018). Typically cattle, horses, goats, pigs, rodents, or birds are used for bait (Medlock et al.,
2018). Researchers use aspirators to capture mosquitoes directly from animals or the walls of
their enclosures (Medlock et al., 2018).
Shannon tents. A Shannon tent is a host baited trap that may also use an electronic light
as an attractant (Service, 1977; Shannon, 1939). The trap protects the researcher with a dual
chamber system inside the tent (Lima, Rosa-Freitas, Rodovalho, Santos, & Lourenço-deOliveira, 2014). The researchers rest in one chamber, closed off with netting. Anthropophilic
vectors are trapped in the other chamber, closed off with mosquito netting (Lima et al., 2014).
The ability of Anopheles spp. to survive after capture in Shannon tents allows researchers to
study mosquito ecology, and malaria infection rates more easily (Lima et al., 2014).
Entry and exit traps. Traps placed in the window of homes or openings in human baited
tents are known as entry and exit traps (Lima et al., 2014; World Health Organization, 1975).
Entry and exit traps exploit mosquito endophilic behaviors (Lima et al., 2014). Some Anopheles
spp. blood feed indoors and rest inside of human-made structures (Dao et al., 2008). A funnel
allows mosquitoes to enter the trap and makes it difficult to escape (Dao et al., 2008).
Odor baited traps. The BG-Sentinel is a mosquito trap that uses artificial host odor to
attract mosquitoes. The trap consists of a collapsible white bucket with white gauze covering the
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top and a spray can full of host odors inside (Maciel-de-Freitas, Eiras, & Lourenço-de-Oliveira,
2006). Placed in the middle of the gauze is a black tube with a 12V DC fan. The fan causes
backflow, sucking any mosquito near the opening into a catch bag (Maciel-de-Freitas et al.,
2006). Mosquitoes land in the catch bag before passing through the fan; this prevents injury to
the specimens. Exhausted air from the trap exits through the large surface of white gauze on the
top of the collapsible white bucket (Maciel-de-Freitas et al., 2006).
Advantages of this trap are that a chemical attractant can be placed inside instead of a
living host. Chemical attractants are sprayed from a dispenser inside the trap. Chemicals are
expressed to ambient air with the exhaust of the trap. The chemical attractants include lactic acid,
ammonia, and caproic acid (Maciel-de-Freitas et al., 2006). These substances are commonly
found on human skin (Maciel-de-Freitas et al., 2006). The BG-Sentinel is also recorded trapping
female mosquitoes at a rate 13 times higher than other methods (Degener et al., 2014).
Exploiting mosquito visual and olfactory response
The HDT attracts mosquitoes based on their senses of sight and smell (F. M. Hawkes,
Dabiré, Sawadogo, Torr, & Gibson, 2017a). The trap is designed to blend thermal, olfactory, and
visual stimuli; tricking mosquitoes into thinking it’s a host (F. M. Hawkes et al., 2017a). Other
traps have tried to exploit mosquito senses as well. For example, the human landing catch (HLC)
technique and CDC-light traps exploit mosquitos’ attraction to light, host odor, and carbon
dioxide (Matowo et al., 2013; Torr, Torre, Calzetta, Costantini, & Vale, 2008; Wong et al.,
2013).
Mosquitoes can detect odor chemicals through their olfactory receptors (ORs). ORs are
located on the dendrites of neurons, within hair-like sensilla on mosquito antennae, and the
maxillary palps (Leal, 2013). Odor molecules enter the sensilla through pores in the cuticle, and
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odorant-binding proteins transport them through the aqueous hemolymph to the ORs (Leal,
2013; Steinbrecht, 1997; Wang, Carey, Carlson, & Zwiebel, 2010). More studies conclude that
both visual, thermal, and olfactory stimuli help Anopheles gambiae mosquitoes find suitable sites
for landing (F. Hawkes & Gibson, 2016; Spitzen et al., 2013).
Mosquitoes first detect hosts with the sense of smell, detecting the CO2 plume around a
host (van Breugel, Riffell, Fairhall, & Dickinson, 2015). As a mosquito flies closer to a human
host, it detects volatile skin compounds and can see the host about five to 15 meters away
(van Breugel et al., 2015). Mosquitoes detect thermal radiation and humidity associated with a
host within 20 centimeters (van Breugel et al., 2015). Mosquitoes can choose a landing site using
a combination of sensory these cues (van Breugel et al., 2015).
Previous HDT research exploiting mosquito thermal, visual, and olfactory senses.
The HDT’s black color is to provide high contrast visual stimuli for mosquitoes (F. M. Hawkes
et al., 2017a). The heat of the water inside the HDT maintains a surface temperature on the trap
of 30–40 °C for at 12 hours to provide thermal stimuli to host-seeking mosquitoes (F. M.
Hawkes et al., 2017a). The fan inside the sealed tent directs host odors and exhaled carbon
dioxide toward the HDT unit to provide a plume of host scent to host-seeking mosquitoes (F. M.
Hawkes et al., 2017a). In theory, mosquitoes detect odor plumes around the HDT, coming from
the aluminum tubing. Mosquitoes see the high contrast dark color of the trap as they get closer to
it. Mosquitoes are then able to detect the trap’s warm surface. Mosquitoes are trapped when they
land on the adhesive sheet.
Two seminal studies on the HDT found it capable of attracting Anopheles mosquitoes.
Abong’o et al. pitted a human baited HDT with a cow baited HDT (2018). The cow baited HDT
caught an average of 43.2 Anopheles mosquitoes per night, while the human baited HDT
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averaged less than one Anopheles per night (Abong’o et al., 2018). The study took place over 24
nights in June of 2017 in Kenya (Abong’o et al., 2018). Hawkes et al. ‘s human baited HDT
coupled with thermal stimuli caught ten times as many Anopheles mosquitoes in Burkina Faso as
HLC in experiments carried out from 2011 to 2015 (F. M. Hawkes et al., 2017b).
Study Justification
The primary objective of this study is to compare the Host Decoy Trap (HDT) with
human bait, HDT with dog bait, and Human Landing Catch (HLC) to determine if this method is
applicable for a collecting anthropophilic malaria vectors. The HDT helps to protect participants
from possible bites while helping to fill current knowledge gaps in the outdoor feeding behaviors
of known malaria vectors (Hawkes, Debiré, Sawadogo, Torr, & Gibson, 2017). This study helps
to determine if HDT is an alternative to the standard HLC method in monitoring malaria control
programs.
Materials and Methods
Study site. The study, San José de Chamanga (Chamanga) (0.2695467, -79.9556424) is a
rural town in Esmeraldas Province in Ecuador. The population is 4,254 according to Ecuador’s
2010 census with about half the population being under the age of 19 (Gobierno Nacional de la
República del Ecuador, 2019). The majority of the population identify as mestizos (60.1%),
while the second most common ethnic and racial heritage is Afro-Ecuadorian (25.7%)
(Gobierno Nacional de la República del Ecuador, 2019).
Study design. Three sampling methods were employed in this research. Each trap was
placed approximately 80 meters apart from each other (Figure 3.). The HDT was used in two
sampling methods, while the HLC was the third sampling method used. In the first version of the
HDT, a dog occupied the tent as mosquito bait. The dog was secured inside the tent by a wire
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fence to prevent escape. The dog was provided with dog food and water. In the second version of
the HDT, A human occupied the tent as bait. The human baited HDT contained an air mattress
and bed sheets as well as any water and snacks that might be consumed overnight.
The 12-hour collection began at 6:00 pm and ended at 6:00 am. Two traps were rotated
between two sites in the Chamanga “Nueva Jerusalén” neighborhood (Table 2.). The sites
include an unoccupied house (Site A,
0.275560, -79.950021), and a local home
(Site B, 0.275560, -79.950021). The trap
rotation is prescribed in Table 1. The HLC
was conducted in an open soccer field (Site
Figure 3. A map of study sites in Chamanga, Ecuador. Site A is an
unoccupied home. Site B is a home owned by a local family. Site
C is an open soccer field. Red boxes indicate the property line of
each study site.

Site A. An unoccupied house
served as the trap location for site A.
Permission to use the site was obtained from
a local restaurant owner who owns the home.
The unoccupied home is constructed from
concrete brick with a metal roof. This home
is one of the few homes in Nueva Jerusalén
with glass windows. The walkway to the
front door is flanked by tall grass with

C, 0.275779, -79.950667).

Table 2. HDT site rotation.
Trap Type
Trap Day
Trap Location
HDT Human
Day 1 | May 14, 2019
Site A
HDT Dog
Day 1 | May 14, 2019
Site B
HDT Human
Day 2 | May 15, 2019
Site B
HDT Dog
Day 2 | May 15, 2019
Site A
HDT Human
Day 3 | May 16, 2019
Site A
HDT Dog
Day 3 | May 16, 2019
Site B
HDT Human
Day 4 | May 20, 2019
Site B
HDT Dog
Day 4 | May 20, 2019
Site A
HDT Human
Day 5 | May 21, 2019
Site A
HDT Dog
Day 5 | May 21, 2019
Site B
HDT Human
Day 6 | May 22, 2019
Site B
HDT Dog
Day 6 | May 22, 2019
Site A
Table 1. Mosquito trap rotation per day. This table
indicates the location of HDT on each day during the
study.

stagnant, standing water on either side. The back yard is dominated by vegetation overgrowth
and a large concrete cistern full of rainwater. A local researcher identified many Culex spp.
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larvae in the cistern. The HDT tent was placed at a dry area in the middle of the front yard with
the HDT collection unit 10 meters away on the walkway, in a dry area between the areas of
standing water.
Site B. A local home served as the trap location for site B. Six people live at the home,
including the father, his wife, and four children. The property is also home to two dogs, a kitten,
and five chickens. The HDT was placed in a fenced in, open air area, in the back of the living
area. The fenced in area has a dirt floor, numerous 55-gallon drums full of rainwater and a
chicken coop to house the chickens. The fenced in area also serves as the family kitchen, with a
gas-powered stove and stacks of dishes and eating utensils. The home is constructed of concrete
brick with a metal roof. One section of the home collapsed in a 2016 magnitude 7.8 earthquake
and was never repaired or reconstructed. Each family member sleeps under a long-lasting
insecticide-treated net. A household male resident and the household pet dog participated in the
study.
Site C. A small soccer field with one goal to the northeast and the other goal to the
southwest served as site C. A shelter constructed of bamboo dominates the north sideline. Two
dogs live in the shelter. The field is characterized by overgrown grass and low-lying areas with
persistent standing water. In front of the shelter, several tires are partially buried, providing more
areas for stagnant water.
The Host Decoy Trap. The HDT consists of a plastic-lined aluminum foil zip-lock
container for holding water. The plasticized aluminum container is insulated with foam and
polystyrene and placed into a collapsible cylinder 36 cm high and 38 cm in diameter. Two black,
95% cotton, 5% spandex jackets were secured tightly around the outside of the trap to give it the
dark color. Researchers filled the plasticized aluminum bag with 15 liters of water heated to 80
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°C with a 1500w immersion heater. A transparent plastic covered the trap to protect the inside
from the rain. Transparent adhesive plastic sheets (FICS film) manufactured by Barrettine
Environmental Health (Bristol, UK) were secured around the surface of the black cloth jacket.
A host provided odor by sleeping inside a collapsible tent (URPRO Instant Automatic
pop up tent with fiberglass frame) measuring 2 meters by 2 meters by 1.3 meters. A 12V fan
(Biogents AG) powered by a rechargeable 12V battery was connected to a 10-meter-long, 10centimeter diameter aluminum ventilation tube. The end of the tube with the fan was placed just
inside the zippered door of the tent. Untreated mosquito netting was secured by a rubber band,
covering the other end of the tube to prevent mosquitoes from entering. The end of the
aluminum tubing was placed approximately 10 centimeters from the base of the HDT unit.
When the sampling period was complete, the adhesive sheets were lifted off of the HDT
and separated at the seam. Researchers placed the adhesive sheets on top of a large, white piece
of paper, adhesive side up for ease of identification. Mosquitoes were morphologically identified
to genus, and any Anopheles spp. were later removed from the adhesive sheets using Romax
Glue Solvent manufactured by Barrettine Environmental (Health, Bristol, UK) and placed into
individual Eppendorf tubes with a small piece of cotton and desiccant used as a preservative.
Human Landing Catch. Two human collectors, (A and B); sat at one site with their legs
exposed and captured mosquitoes seeking a blood meal. Participants took turns capturing
mosquitoes every three hours on nights when one of them was not required to sleep in the HDT
tent. On nights when one collector was required to sleep in the tent, collectors took turns every
six hours. Participants used a headlamp for locating mosquitoes when they land. Participants
used an aspirator for capturing mosquitoes. Mosquitoes were sucked into the aspirator and
released into plastic collection cups. Researcher A used malaria chemoprophylaxis medication,
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and Researcher B chose to forego malaria medications. Mosquitoes were killed by freezing in a
refrigerator, processed, counted and sorted to genus at a local medical center. Anopheles spp.
were saved in individual Eppendorf tubes containing a small amount of cotton and desiccant as a
preservative for processing and morphological identification. Anopheles spp. were transported to
a lab and identified to species after the study period. All Approvals were received from both the
University of Notre Dame and Pontificia Universidad Católica del Ecuador IRBs.
Mosquito analysis. Captured mosquitoes were morphologically identified to genus in the
field at a local medical center. Three researchers verified the genus of each mosquito. Anopheles
spp. were separated and morphologically identified at an offsite lab. Statistics on the catch rates
of each mosquito genus in each trap design were performed using statistical software (Excel,
Microsoft Inc., Redmond, Wash; and SPSS, Version 26, SPSS Inc. Chicago, IL).
Results
Culex spp. were caught by the HDT while no Anopheles spp. were trapped by either HDT
trap design. A total of 578 Culex spp. were trapped as indicated in Table 3. The HDT with
human bait trapped one Culex spp. on day one, nine Culex spp. on day two, 156 Culex spp. on
day three, 31 Culex spp. on day four, 91 Culex spp. on day five, and 39 Culex spp. on day six.
HDT with dog bait trapped 107 Culex spp. on day one, 62 Culex spp. on day two, 17 Culex spp.
on day three, 36 Culex spp. on day four, 12 Culex spp. on day five, and 17 Culex spp. on day six
(Figure 4., Table 3.).

Table 2.
Day 1
HDT Human

Day 2

Day 3

Day 4

Day 5

Day 6

Totals

1

9

156

31

91

39

327

107

62

17

36

12

17

251

HLC

57

128

49

41

51

17

343

Totals

165

199

222

108

154

73

921

HDT Dog

Table 2. Table of Culex spp. catches. This table indicates the number of
Culex spp. catches per day per trapping method.
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Figure 4. Culex spp. catches by day.
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Figure 4. Graph of Culex spp. catches by day. This graph indicates the number of Culex spp. catches per trap, per day during the
study period. The Y axis indicates the number of Culex caught. The X axis indicates the type of trap used and the day of
collection. Red numbers indicate total number of mosquitoes trapped each day by each trap.
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Figure 5. Anopheles species catches per day by Human Landing
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Figure 5. Anopheles spp. catches per day by HLC. This graph indicates the number of Anopheles mosquitoes caught per day by
HLC participants. The X axis indicates the day of collection. The Y axis indicates the number of Anopheles mosquitoes caught.
Red numbers indicate total number of Anopheles trapped each day by HLC.
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Table 3. HLC Anopheles catches by day and location
Day 0

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

13

5

0

7

10

51

17

Site C

Site C

Site A

Site C

Site C

Site C

Site C

Table 3. HLC Anopheles catches by day and location. This table indicates the day, location and number of
Anopheles mosquito catches by HLC during the study.

Table 4. Descriptive statistics for Culex spp. catches by trap type
HDT Human

HDT Dog

HLC Culex Catch

Mean

54.500

Mean

41.833

Mean

57.167

Standard Error
Median
Mode

24.055
35.000
#N/A

Standard Error
Median
Mode

15.067
26.500
17.000

Standard Error
Median
Mode

15.272
50.000
#N/A

Standard Deviation
Sample Variance
Range
Minimum
Maximum
Sum
Count
Confidence Level (95.0%)

58.923
3471.900
155.000
1.000
156.000
327.000
6.000
61.836

Standard Deviation
Sample Variance
Range
Minimum
Maximum
Sum
Count

36.908
1362.167
95.000
12.000
107.000
251.000
6.000

Confidence Level (95.0%)

38.732

Standard Deviation
Sample Variance
Range

37.408
1399.367
111.000

Minimum
Maximum
Sum
Count
Confidence Level (95.0%)

17.000
128.000
343.000
6.000
39.257

Table 4. Descriptive statistics for Culex spp. catches by trap type. This table indicates descriptive statistics for the
number of Culex mosquitoes caught by each trap as calculated by Microsoft Excel.

Table 5. Descriptive statistics for Anopheles
spp. catches by HLC
HLC Anopheles Catch
Mean
Standard Error

15
7.559

Median
Mode
Standard Deviation
Sample Variance
Range

8.5
#N/A

spp. on day two, 49 Culex spp. on day three, 41 Culex spp.
on day four, 51 Culex spp. on day five, and 17 Culex spp.
on day six (Figure 4.) HLC was the only trapping method

18.515
342.8

in this study able to capture Anopheles spp. HLC trapped

51

Minimum

0

Maximum

51

Sum

90

Count

6

Confidence Level (95.0%)

HLC trapped 57 Culex spp. on day one, 128 Culex

15.64707

Table 5. Descriptive statistics for Anopheles
spp. catches HLC. This table indicates
descriptive statistics for the number of
Anopheles mosquitoes caught by HLC as
calculated by Microsoft Excel.

13 Anopheles spp. on day zero (before the study began),
five Anopheles spp. on day one, zero Anopheles spp. on
day two, seven Anopheles spp. on day three, 10 Anopheles
spp. on day four, 51 Anopheles spp. on day five, and 17
Anopheles spp. on day six (Figure 5.). Descriptive
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statistics for Culex spp. catches for each trap are shown in Table 4. Descriptive statistics for
Anopheles spp. catches by HLC are shown in Table 5.
Statistical analysis. After collecting mosquitoes, frequency data was into IBM SPSS and
analyzed. The Mann-Whitney test is used when data consists of two dichotomous variables with
count data (i.e., two traps and mosquito count data). The Kruskal-Wallis test is used when there
are more than two nominal variables and count data (i.e., days in the study and the count data of
mosquitoes caught each day).
Comparison of the dog baited HDT with the human baited HDT. Trapping efficacies
between the HDT baited with a dog and with a human were performed to both evaluate how an
animal would perform within the HDT as well as to see if there were zoophagic Anopheles
present at this site. A Mann-Whitney test was used to determine the difference in medians Culex
catches (as there were no Anopheles captured) between HDT human and HDT dog. Results
indicate the median number of mosquitoes caught by each trap is statistically different (not due
to chance, p-value = 1.6346E-86). At the a=0.05 level of significance, there is enough evidence to
conclude that there is a difference in the median Culex spp. catches by the two traps. SPSS
output is detailed in Appendix A.
For further evaluation, a Poisson Regression was used to determine in which trap Culex
spp. are likely to be caught. When controlling for study site, Culex spp. are 23.2% more likely
(p-value = 0.002) to be attracted to HDT with dog bait over the human baited trap (CI., 9.534.9%)7/17/19 8:51:00 PM. SPSS output is detailed in Appendix B.
HDT temporal bias. Is there a temporal bias in the collection of in the date of mosquito
catches between HDT traps? A Kruskal-Wallis test was used to determine the difference in the
medians of mosquitoes caught between days of collection. Statistical analysis found the median
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number of mosquitoes caught by both traps are not statistically different (p-value = 0.984). At
the a = 0.05 level of significance, there is not enough evidence to conclude that there is a
difference in the median Culex spp. catches by the day of collection. SPSS output is detailed in
Appendix C.
HDT Spatial bias. Is there a spatial bias for mosquito collection in the sites where HDT
was used? A Mann-Whitney test was used to determine the difference in median number of
mosquitoes caught between the Site A and Site B. There is statistical evidence to conclude there
is a spatial bias between trap sites (p-value = 2.0248E-13). At the a=0.05 level of significance,
there is enough evidence to conclude that there is a difference in the median Culex spp. catches
between the two sites. SPSS output is detailed in Appendix D.
For further evaluation, a Poisson Regression was used to determine in which trap site
may have the bias. When controlling for type of trap, Culex spp. are 68.8% more likely (p-value
= 0.000) to be captured at Site B than the Site A (CI., 42.6-99.9%). SPSS output is detailed in
Appendix A.
Comparison of HDTs and HLC. Between the HDTs and HLC, which is more efficient
at capturing Culex spp. mosquitoes? A Kruskal-Wallis test was used to determine the difference
in the medians of mosquitoes caught between different methods of collection. Statistical analysis
found the median number of mosquitoes caught in every collection is equal (p-value = .323). At
the a = 0.05 level of significance, there is not enough evidence to conclude that there is a
difference in the median Culex spp. catches by the three traps. SPSS output is detailed in
Appendix E.
HLC temporal bias. Is there a temporal bias in the collection of Anopheles spp. in the
date of mosquito catches for HLC collections? A Kruskal-Wallis test was used to determine the
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difference in medians of Anopheles spp. caught between days of collection. Statistical analysis
found the median number of Anopheles spp. caught every day by HLC not equal (p-value =
2.0018E-20). At the a = 0.05 level of significance, there is enough evidence to conclude that there
is a temporal bias in the Anopheles spp. catches by the day of collection. SPSS output is detailed
in Appendix F.
Discussion
The purpose of this study was to evaluate the HDT as a possible substitute for HLC in
surveillance of malaria vectors in Coastal Ecuador. Regarding malaria vectors, neither HDT trap
design caught any malaria vectors (Anopheles spp.) and hence should not be considered for
Anopheles sampling. Regarding Culex spp. catches, HLC did not perform better than human
baited HDT when all traps were compared with statistical analysis software. Based on study
design, HLC cannot be directly compared with HDT in this study. HLC did not rotate through
different sites to minimize spatial bias. Several factors at the study site made it difficult to
include HLC in the rotation. Technical issues prevented research from being conducted over the
weekend resulting in a six-day, 2 trap direct comparison. A domesticated dog was chosen to
occupy the HDT instead of a pig because of the relative abundance of dogs (both familiar and
feral) in the area.
Day two of the HLC was conducted at Site A near a cistern full of larvae. Researchers
had to change the area of collection for one night for technical issues. This may have impacted
results from mosquito collections on Day 2. Researchers did not catch any Anopheles spp. at the
Site A with HLC. This may indicate a spatial bias of the site concerning mosquito species rather
than trap performance in regarding capturing Anopheles spp.
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The human baited HDT performed better than a dog baited HDT with a 23.2% (CI., 9.534.9%) higher likelihood of capturing Culex spp. when controlling for the study site. Neither the
human baited trap nor the dog baited trap succeeded in catching any Anopheles spp. The reason
for this may be due to the surrounding areas Site A, and Site B. Site A was dominated by
vegetation overgrowth and standing water in the grass in front of the house making it an ideal
breeding area for various mosquito species. The site had a cistern full of Culex larvae behind the
house. Researchers believe the high number of Culex at Site A to be the reason no Anopheles
were trapped. Site B had multiple 55-gallon barrels full of rainwater and numerous mammal and
bird species living nearby. Culex spp. are also known to be opportunistic predators, feeding on
both birds and mammals. This Culex behavior may be why so many of the species were trapped
at Site B. A simultaneous study detected Anopheles spp. at many outdoor locations in Chamanga
homes surrounding Nueva Jerusalén (Martin, 2019). Anopheles catches by Martin (2019) are
detailed in Figure 9. Indoor pyrethrum spray catches by Martin (2019) found no results for
indoor feeding Anopheles. More research needs to be done on factors influencing the presence of
Anopheles spp. in and around homes in Chamanga.
Other factors influencing the collection of the dog baited HDT included dogs escaping
from the trap. Dogs found their way out on two occasions; Day 2 and Day 6 of the study.
Researchers in this study made efforts to check on the dogs’ well being every two to three hours.
Each escape happened at or around 4:00 am.
Two researchers (one foreign, one local) perceived a collector bias during the study. The
local researcher caught 98 Anopheles spp. during HLC at site C, while the foreign researchers
caught 15. The two researchers shared HLC duties, switching every three to six hours; however,
records were not kept on man biting rate of each mosquito species during the study or the timing
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of mosquito bites. Both the American and Ecuadorian researcher also occupied the HDT as bait
and captured zero Anopheles demonstrating that the lack of Anopheles being caught was based
on the sampling device and not the bait.
A spike in Anopheles biting can be seen on day 5 of the collection (Figure 7.). The
reason for this anomaly may be because of a group of local children gathering at the site.
Mosquitoes are attracted to plumes of CO2, human smell and body heat. The large group of
children around the HLC participants would have created a more massive plume of CO2, and
human odor as a mosquito attractant.
Further research is needed to confirm the findings in this study. Given the abundance of
outdoor feeding Anopheles mosquitoes and previous research with the HDT in other countries, it
may be unlikely that the trap would capture zero Anopheles. More research also needs to be done
on host preferences for Anopheles in Coastal Ecuador to determine if there is a bias toward
different Ecuadorian racial and ethnic groups.
Conclusions
The purpose of this study is to examine the effectiveness of the HDT baited with a human
and a dog against HLC in coastal Ecuador. Statistical analysis results found the larger number of
mosquitoes captured by the HDT with human bait was not due to chance at a 95% confidence
level. Poisson regression found Culex spp. mosquitoes are 23.2% more likely to be attracted to
HDT with human bait over dog bait. Further analysis finds no temporal bias in the day of
collection. Analysis reveals a spatial bias for mosquito collection in Nueva Jersusalén. Culex
spp. are 68.8% (CI., 42.6-99.9%) more likely to be caught at Site B over Site A. There is no
evidence HLC catches more Culex spp. in this study. There is a temporal bias in Anopheles
catches with HLC.

26

EVALUATION OF THE HOST DECOY TRAP
Acknowledgments
This research was supported in part by a grant from the Eck Institute at the University of
Notre Dame and assistance from Pontificia Universidad del Ecuador. The author would like to
thank Dr. Neil Lobo, Dr. Sofía Ocaña, Dr. Fabián Saenz, Dr. Frances Hawkes, Allison
Hendershot, J. Austin Martin, Madeline Woodruff, Juan José Bustillos, Alejandro Saá, Claudia
Vera Arias, and Bibiana Salazar for their support and technical advice. Thanks also to Chelo
Muñoz for the use of his house and the soccer field. Special thanks to Duquesa, and Rufo for
being good dogs.

27

EVALUATION OF THE HOST DECOY TRAP
Citations
Abong’o, B., Yu, X., Donnelly, M. J., Geier, M., Gibson, G., Gimnig, J., … Hawkes, F. M.
(2018). Host Decoy Trap (HDT) with cattle odour is highly effective for collection of
exophagic malaria vectors. Parasites & Vectors, 11(1). https://doi.org/10.1186/s13071018-3099-7
Achee, N. L., Youngblood, L., Bangs, M. J., Lavery, J. V., & James, S. (2015). Considerations
for the Use of Human Participants in Vector Biology Research: A Tool for Investigators
and Regulators. Vector Borne and Zoonotic Diseases, 15(2), 89–102.
https://doi.org/10.1089/vbz.2014.1628
Ashley, E. A., Pyae Phyo, A., & Woodrow, C. J. (2018). Malaria. The Lancet, 391(10130),
1608–1621. https://doi.org/10.1016/S0140-6736(18)30324-6
Belkin, J. N., Heinemann, S. J., & Page, W. A. (1970). Mosquito studies (Diptera, Culicidae).
xXI. the Culicidae of Jamaica. Mosquito Studies (Diptera, Culicidae). XXI. the Culicidae
of Jamaica, 1970(1).
Boggild, A., Brophy, J., Charlebois, P., Crockett, M., Geduld, J., Ghesquiere, W., … McCarthy,
A. (2014). Summary of recommendations for the prevention of malaria by the Committee
to Advise on Tropical Medicine and Travel (CATMAT). Canada Communicable Disease
Report = Releve Des Maladies Transmissibles Au Canada, 40(7), 118–132.
Briët, O. J. T., Huho, B. J., Gimnig, J. E., Bayoh, N., Seyoum, A., Sikaala, C. H., … Killeen, G.
F. (2015). Applications and limitations of Centers for Disease Control and Prevention
miniature light traps for measuring biting densities of African malaria vector populations:
A pooled-analysis of 13 comparisons with human landing catches. Malaria Journal,
14(1). https://doi.org/10.1186/s12936-015-0761-9

28

EVALUATION OF THE HOST DECOY TRAP
CIA. (2017). CIA World Fact Book (Vol. 53). Retrieved from
https://www.cia.gov/library/publications/the-world-factbook/index.html
Croft, A., & Garner, P. (1997). Mefloquine to prevent malaria: A systematic review of trials.
BMJ, 315(7120), 1412–1416. https://doi.org/10.1136/bmj.315.7120.1412
Daniels, A., Chapin, E., Aspilcueta, D., & Doocy, S. (2009). Access to health services and careseeking behaviors after the 2007 Ica earthquake in Peru. Disaster Medicine and Public
Health Preparedness, 3(2), 97–103. https://doi.org/10.1097/DMP.0b013e3181a20328
Dao, A., Adamou, A., Yaro, A. S., Maïga, H. M., Kassogue, Y., Traoré, S. F., & Lehmann, T.
(2008). Assessment of Alternative Mating Strategies in <I>Anopheles gambiae</I>:
Does Mating Occur Indoors? Journal of Medical Entomology, 45(4), 643–652.
https://doi.org/10.1603/0022-2585(2008)45[643:AOAMSI]2.0.CO;2
Degarege, A., Fennie, K., Degarege, D., Chennupati, S., & Madhivanan, P. (2019). Improving
socioeconomic status may reduce the burden of malaria in sub Saharan Africa: A
systematic review and meta-analysis. PLOS ONE, 14(1), e0211205.
https://doi.org/10.1371/journal.pone.0211205
Espinoza, E., Hidalgo, L., & Chedraui, P. (2005). The effect of malarial infection on maternalfetal outcome in Ecuador. The Journal of Maternal-Fetal & Neonatal Medicine, 18(2),
101–105. https://doi.org/10.1080/147670500231989
Feng, J., Xia, Z., Zhang, L., Cheng, S., & Wang, R. (2016). Risk Assessment of Malaria
Prevalence in Ludian, Yongshan, and Jinggu Counties, Yunnan Province, After 2014
Earthquake Disaster. The American Journal of Tropical Medicine and Hygiene, 94(3),
674–678. https://doi.org/10.4269/ajtmh.15-0624

29

EVALUATION OF THE HOST DECOY TRAP
Gates, B. (2018, April 23). This animal kills more people in a day than sharks do in a century.
Retrieved July 3, 2019, from gatesnotes.com website:
https://www.gatesnotes.com/Health/Mosquito-Week-2018
Gobierno Nacional de la República del Ecuador. (2019). Instituto Nacional de Estadística y
Censos. Retrieved June 25, 2019, from
http://www.ecuadorencifras.gob.ec/institucional/home/
Grillet, M. E., Villegas, L., Oletta, J. F., Tami, A., & Conn, J. E. (2018). Malaria in Venezuela
requires response. Science (New York, N.Y.), 359(6375), 528.
https://doi.org/10.1126/science.aar5440
Guthmann, J. P., Llanos-Cuentas, A., Palacios, A., & Hall, A. J. (2002). Environmental factors as
determinants of malaria risk. A descriptive study on the northern coast of Peru. Tropical
Medicine & International Health: TM & IH, 7(6), 518–525.
Harbach, R. (1988). The Mosquitoes of the Subgenus Culex in Southwestern Asia and Egypt
(Diptera: Culicidae). Contributions of the American Entomological Institute, 24(1), 247.
Harbach, R. E. (2004). The classification of genus Anopheles (Diptera: Culicidae): a working
hypothesis of phylogenetic relationships. Bulletin of Entomological Research, 94(6),
537–553.
Hawkes, F., & Gibson, G. (2016). Seeing is believing: The nocturnal malarial mosquito
Anopheles coluzzii responds to visual host-cues when odour indicates a host is nearby.
Parasites & Vectors, 9(1). https://doi.org/10.1186/s13071-016-1609-z
Hawkes, F. M., Dabiré, R. K., Sawadogo, S. P., Torr, S. J., & Gibson, G. (2017a). Exploiting
Anopheles responses to thermal, odour and visual stimuli to improve surveillance and
control of malaria. Scientific Reports, 7(1). https://doi.org/10.1038/s41598-017-17632-3

30

EVALUATION OF THE HOST DECOY TRAP
Hawkes, F. M., Dabiré, R. K., Sawadogo, S. P., Torr, S. J., & Gibson, G. (2017b). Exploiting
Anopheles responses to thermal, odour and visual stimuli to improve surveillance and
control of malaria. Scientific Reports, 7(1). https://doi.org/10.1038/s41598-017-17632-3
Hotez, P. J., Basáñez, M.-G., Acosta-Serrano, A., & Grillet, M. E. (2017). Venezuela and its
rising vector-borne neglected diseases. PLoS Neglected Tropical Diseases, 11(6),
e0005423. https://doi.org/10.1371/journal.pntd.0005423
Jaramillo-Ochoa, R., Sippy, R., Farrell, D. F., Cueva-Aponte, C., Beltrán-Ayala, E., Gonzaga, J.
L., … Stewart-Ibarra, A. M. (2019). Effects of Political Instability in Venezuela on
Malaria Resurgence at Ecuador–Peru Border, 2018. Emerging Infectious Diseases, 25(4),
834–836. https://doi.org/10.3201/eid2504.181355
Kain, K. C., Shanks, G. D., & Keystone, J. S. (2001). Malaria Chemoprophylaxis in the Age of
Drug Resistance. I. Currently Recommended Drug Regimens. Clinical Infectious
Diseases, 33(2), 226–234. https://doi.org/10.1086/321817
Krisher, L. K., Krisher, J., Ambuludi, M., Arichabala, A., Beltrán-Ayala, E., Navarrete, P., …
Stewart-Ibarra, A. M. (2016). Successful malaria elimination in the Ecuador–Peru border
region: Epidemiology and lessons learned. Malaria Journal, 15(1).
https://doi.org/10.1186/s12936-016-1630-x
Kroeger, A., & Alarcón, J. (1993). Malaria en Ecuador y Peru y estrategias alternativas de
control. Abya-Yala, Quito, 316.
La Casse, W. J., & Carpenter, S. J. (1955). Mosquitoes of North America (north of Mexico).
Berkeley : University of California Press.

31

EVALUATION OF THE HOST DECOY TRAP
Leal, W. S. (2013). Odorant Reception in Insects: Roles of Receptors, Binding Proteins, and
Degrading Enzymes. Annual Review of Entomology, 58(1), 373–391.
https://doi.org/10.1146/annurev-ento-120811-153635
Lima, J. B. P., Rosa-Freitas, M. G., Rodovalho, C. M., Santos, F., & Lourenço-de-Oliveira, R.
(2014). Is there an efficient trap or collection method for sampling Anopheles darlingi
and other malaria vectors that can describe the essential parameters affecting
transmission dynamics as effectively as human landing catches? - A Review. Memórias
Do Instituto Oswaldo Cruz, 109(5), 685–705. https://doi.org/10.1590/0074-0276140134
Lines, J. D., Curtis, C. F., Wilkes, T. J., & Njunwa, K. J. (1991). Monitoring human-biting
mosquitoes (Diptera: Culicidae) in Tanzania with light-traps hung beside mosquito nets.
Bulletin of Entomological Research, 81(01), 77.
https://doi.org/10.1017/S0007485300053268
Magbity, E. B., Lines, J. D., Marbiah, M. T., David, K., & Peterson, E. (2002). How reliable are
light traps in estimating biting rates of adult Anopheles gambiae s.l. (Diptera: Culicidae)
in the presence of treated bed nets? Bulletin of Entomological Research, 92(1), 71–76.
https://doi.org/10.1079/BER2001131
Martin, J. A. (2019). Species composition and bionomics of Anopheles mosquitoes in San Jose de
Chamanga, Ecuador towards the identification gaps in protection with current
intervention strategies, University of Notre Dame, Notre Dame, IN.
Matowo, N. S., Moore, J., Mapua, S., Madumla, E. P., Moshi, I. R., Kaindoa, E. W., … Okumu,
F. O. (2013). Using a new odour-baited device to explore options for luring and killing
outdoor-biting malaria vectors: A report on design and field evaluation of the Mosquito
Landing Box. Parasites & Vectors, 6(1), 137. https://doi.org/10.1186/1756-3305-6-137

32

EVALUATION OF THE HOST DECOY TRAP
Medlock, J., Balenghien, T., Alten, B., Versteirt, V., & Schaffner, F. (2018). Field sampling
methods for mosquitoes, sandflies, biting midges and ticks: VectorNet project 2014‐
2018. EFSA Supporting Publications, 15(6). https://doi.org/10.2903/sp.efsa.2018.EN1435
Mwandawiro, C., Boots, M., Tuno, N., Suwonkerd, W., Tsuda, Y., & Takagi, M. (2000).
Heterogeneity in the host preference of Japanese encephalitis vectors in Chiang Mai,
northern Thailand. Transactions of the Royal Society of Tropical Medicine and Hygiene,
94(3), 238–242. https://doi.org/10.1016/S0035-9203(00)90303-1
Ndebele, P., & Musesengwa, R. (2012). View point: Ethical dilemmas in malaria vector research
in Africa: making the difficult choice between mosquito, science and humans. Malawi
Medical Journal: The Journal of Medical Association of Malawi, 24(3), 65–68.
Orjuela, L. I., Ahumada, M. L., Avila, I., Herrera, S., Beier, J. C., & Quiñones, M. L. (2015).
Human biting activity, spatial–temporal distribution and malaria vector role of Anopheles
calderoni in the southwest of Colombia. Malaria Journal, 14(1).
https://doi.org/10.1186/s12936-015-0764-6
Pan American Health Organization, & World Health Organization. (2017, February 15).
Epidemiological Alert: Increase in cases of malaria. Pan American Health Organization.
Pearson, M. (2016, April 23). Ecuador earthquake: 654 dead, taxes raised. Retrieved May 3,
2019, from CNN website: https://www.cnn.com/2016/04/20/americas/ecuadorearthquake/index.html
Recht, J., Siqueira, A. M., Monteiro, W. M., Herrera, S. M., Herrera, S., & Lacerda, M. V. G.
(2017). Malaria in Brazil, Colombia, Peru and Venezuela: Current challenges in malaria

33

EVALUATION OF THE HOST DECOY TRAP
control and elimination. Malaria Journal, 16(1). https://doi.org/10.1186/s12936-0171925-6
Ryan, S. J., Lippi, C. A., Boersch-Supan, P. H., Heydari, N., Silva, M., Adrian, J., … StewartIbarra, A. M. (2017). Quantifying seasonal and diel variation in Anopheline and Culex
human biting rates in Southern Ecuador. Malaria Journal, 16(1).
https://doi.org/10.1186/s12936-017-2121-4
Sáenz, F. E., Arévalo-Cortés, A., Valenzuela, G., Vallejo, A. F., Castellanos, A., Poveda-Loayza,
A. C., … Herrera, S. (2017). Malaria epidemiology in low-endemicity areas of the
northern coast of Ecuador: High prevalence of asymptomatic infections. Malaria Journal,
16(1), 300. https://doi.org/10.1186/s12936-017-1947-0
Salazar, M. A., Pesigan, A., Law, R., & Winkler, V. (2016). Post-disaster health impact of
natural hazards in the Philippines in 2013. Global Health Action, 9(1), 31320.
https://doi.org/10.3402/gha.v9.31320
Schlagenhauf, P. (1999). Mefloquine for Malaria Chemoprophylaxis 1992–1998: A Review.
Journal of Travel Medicine, 6(2), 122–133. https://doi.org/10.1111/j.17088305.1999.tb00843.x
Segerstrom, S. C., & Miller, G. E. (2004). Psychological Stress and the Human Immune System:
A Meta-Analytic Study of 30 Years of Inquiry. Psychological Bulletin, 130(4), 601–630.
https://doi.org/10.1037/0033-2909.130.4.601
Service, M. W. (1977). A critical review of procedures for sampling populations of adult
mosquitoes. Bulletin of Entomological Research, 67(3), 343–382.
https://doi.org/10.1017/S0007485300011184

34

EVALUATION OF THE HOST DECOY TRAP
Service, M. W. (1993). Mosquito ecology: Field sampling methods. Retrieved from
https://ebookcentral.proquest.com/lib/exeter/detail.action?docID=3568596
Shannon, R. C. (1939). Methods for Collecting and Feeding Mosquitoes in Jungle Yellow Fever
Studies 1. The American Journal of Tropical Medicine and Hygiene, s1-19(2), 131–140.
https://doi.org/10.4269/ajtmh.1939.s1-19.131
Sirivanakarn, S. (1976). Medical entomology studies - III. A revision of the subgenus Culex in
the Oriental region (Diptera: Culicidae). Contr. Am. Entomol. Inst., 12(2), 272.
Spitzen, J., Spoor, C. W., Grieco, F., ter Braak, C., Beeuwkes, J., van Brugge, S. P., … Takken,
W. (2013). A 3D Analysis of Flight Behavior of Anopheles gambiae sensu stricto
Malaria Mosquitoes in Response to Human Odor and Heat. PLoS ONE, 8(5), e62995.
https://doi.org/10.1371/journal.pone.0062995
Steinbrecht, R. A. (1997). Pore structures in insect olfactory sensilla: A review of data and
concepts. International Journal of Insect Morphology and Embryology, 26(3–4), 229–
245. https://doi.org/10.1016/S0020-7322(97)00024-X
Sudia, W. D., & Chamberlain, R. W. (1988). Battery-operated light trap, an improved model. By
W. D. Sudia and R. W. Chamberlain, 1962. Journal of the American Mosquito Control
Association, 4(4), 536–538.
Torr, S. J., Torre, A. D., Calzetta, M., Costantini, C., & Vale, G. A. (2008). Towards a fuller
understanding of mosquito behaviour: Use of electrocuting grids to compare the odourorientated responses of Anopheles arabiensis and An. quadriannulatus in the field.
Medical and Veterinary Entomology, 22(2), 93–108. https://doi.org/10.1111/j.13652915.2008.00723.x

35

EVALUATION OF THE HOST DECOY TRAP
Turell, M. J., Dohm, D. J., Sardelis, M. R., O’guinn, M. L., Andreadis, T. G., & Blow, J. A.
(2005). An Update on the Potential of North American Mosquitoes (Diptera: Culicidae)
to Transmit West Nile Virus. Journal of Medical Entomology, 42(1), 57–62.
https://doi.org/10.1093/jmedent/42.1.57
US Committee for Refugees and Immigrants. (2019). Venezuelan Refugees: The Ecuador/
Colombia Border - Findings and Recommendations - Ecuador | ReliefWeb. Retrieved
from https://reliefweb.int/report/ecuador/venezuelan-refugees-ecuador-colombia-borderfindings-and-recommendations
van Breugel, F., Riffell, J., Fairhall, A., & Dickinson, M. H. (2015). Mosquitoes Use Vision to
Associate Odor Plumes with Thermal Targets. Current Biology, 25(16), 2123–2129.
https://doi.org/10.1016/j.cub.2015.06.046
Walker, E. D., Desai, M., Hamel, M. J., Lobo, N. F., Bayoh, M. N., Williamson, J., … Kosgei, J.
(2013). Incidence of Malaria among Mosquito Collectors Conducting Human Landing
Catches in Western Kenya. The American Journal of Tropical Medicine and Hygiene,
88(2), 301–308. https://doi.org/10.4269/ajtmh.2012.12-0209
Wang, G., Carey, A. F., Carlson, J. R., & Zwiebel, L. J. (2010). Molecular basis of odor coding
in the malaria vector mosquito Anopheles gambiae. Proceedings of the National
Academy of Sciences, 107(9), 4418–4423. https://doi.org/10.1073/pnas.0913392107
WHO. (2018). World malaria report 2018. Geneva : World Health Organization.
Wong, J., Bayoh, N., Olang, G., Killeen, G. F., Hamel, M. J., Vulule, J. M., & Gimnig, J. E.
(2013). Standardizing operational vector sampling techniques for measuring malaria
transmission intensity: Evaluation of six mosquito collection methods in western Kenya.
Malaria Journal, 12(1), 143. https://doi.org/10.1186/1475-2875-12-143

36

EVALUATION OF THE HOST DECOY TRAP
World Health Organization. (1975). Manual on Practical Entomology in Malaria. Part 2:
Methods and Techniques. Geneva, Switzerland: World Health Organization.
World Health Organization. (2013). Malaria entomology and vector control.
World Health Organization, & Global Malaria Programme. (2017). World malaria report 2017.

37

EVALUATION OF THE HOST DECOY TRAP

Appendix A
Question 1.
Between HDTs baited with human or dog, which is more efficient at capturing
mosquitoes?

Hypotheses

H0: MedianHDT human = MedianHDT dog
Ha: Median HDT human ¹Median HDT dog
Significance Level

a = 0.05
Rejection Region
Reject the null hypothesis if p-value ≤ 0.05.

Ranks
Trap_Type
Culex sp. HDT
Human
HDT Dog

N

Mean Rank
327
337.96
251

226.37

Sum of
Ranks
110512.00
56819.00
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Total

578

Test Statisticsa
Culex sp.
Mann-Whitney U
25193.000
Wilcoxon W
56819.000
Z
-8.093
Asymp. Sig. (25.8104E-16
tailed)
a. Grouping Variable: Trap_Type
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Appendix B
Poisson Regression
Parameter Estimates for Poisson Regression
95% Wald

95% Wald Confidence

Confidence Interval
Std.

Hypothesis Test

Interval for Exp(B)

Wald Chi-

Parameter

B

(Intercept)

3.702

.0773

3.551

3.854

2292.604

1

.000

40.545

34.843

47.180

.524

.0861

.355

.692

37.042

1

.000

1.688

1.426

1.999

a

0

.

.

.

.

.

.

1

.

.

-.265

.0839

-.429

-.100

9.935

1

.002

.768

.651

.905

a

.

.

.

.

.

.

1

.

.

[Site A=.00]
[Site B =1.00]
[HDT dog=.00]

Error

[HDT human=1.00]

0

(Scale)

1b

Lower

Upper

Square

df

Sig.

Exp(B)

Lower

Upper

Dependent Variable: Culex sp.
Model: (Intercept), Study Site, Trap_Type
a. Set to zero because this parameter is redundant.
b. Fixed at the displayed value.

Decision
Since p-value = 5.8104E-16 ≤ 0.05, we shall reject the null hypothesis.
At the a=0.05 level of significance, there is enough evidence to conclude that there is a
difference in the median Culex spp. catches by the two traps. When controlling for study site,
Culex spp. are 23.2% more likely to be attracted to HDT with dog bait over the human baited
trap (CI., 9.5-34.9%)
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Appendix C
Question 2.
Is there a temporal bias in the collection of in the date of mosquito catches between HDT
traps?

Hypotheses

H0: Day1 = Day2 = Day3 = Day4 = Day5 = Day6 (The median Culex spp. catches are equal.)
Ha: Not all of the medians are equal.
Significance Level
a = 0.05
Rejection Region
Reject the null hypothesis if p-value ≤ 0.05.
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Ranks
Day of Collection
Culex sp. Day 1 | May 14, 2019
Day 2 | May 15, 2019
Day 3 | May 16, 2019
Day 4 | May 20, 2019
Day 5 | May 21, 2019
Day 6 | May 22, 2019
Total

N
108
71
173
67
103
56
578

Mean Rank
365.59
169.73
455.20
90.00
240.47
111.58

Independent-Samples Kruskal-Wallis Test
Summary
Total N
12
Test Statistic
.675a,b
Degree Of Freedom
5
Asymptotic Sig.(2-sided
.984
test)
a. The test statistic is adjusted for ties.
b. Multiple comparisons are not performed
because the overall test does not show
significant differences across samples.

p-value = Asymp. Sig. (2-tailed) = .984
Decision
Since p-value = .984> 0.05, we cannot reject the null hypothesis.
At the a = 0.05 level of significance, there is not enough evidence to conclude that there is a
difference in the median Culex spp. catches by the day of collection.

1

Hypothesis Test Summary
Null Hypothesis
Test
The distribution of Culex sp. is Independent-Samples Kruskalthe same across categories of
Wallis Test
Day of Collection.

Sig.

Decision
.984 Retain the null hypothesis.

42

EVALUATION OF THE HOST DECOY TRAP
Asymptotic significances are displayed. The significance level is .050.
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Appendix D
Question 3.
Is there a spatial bias for mosquito collection in the sites where HDT was used?

Hypotheses

H0: MedianSite B =MedianSite A
Ha: Median Site B ¹ MedianSite A
Significance Level

a=0.05
Rejection Region
Reject the null hypothesis if p-value ≤ 0.05.

Ranks
Study Site
Culex sp. Site A
Site B
Total

N

Mean Rank
363
328.14
215
224.26
578

Sum of
Ranks
119115.50
48215.50
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Test Statisticsa
Culex sp.
Mann-Whitney U
24995.500
Wilcoxon W
48215.500
Z
-7.347
Asymp. Sig. (22.0248E-13
tailed)
a. Grouping Variable: Study Site
Decision
Since p-value = 2.0248E-13≤ 0.05, we shall reject the null hypothesis.
At the a=0.05 level of significance, there is enough evidence to conclude that there is a
difference in the median Culex spp. catches by the two study areas.
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Appendix E
Question 4.
Between HDTs baited with human or dog and HLC, which is more efficient at capturing
Culex spp. mosquitoes?

Hypotheses
H0: MedianHDT human = MedianHDT dog = MedianHLC
Ha: Median HDT human ¹Median HDT dog ¹Median HLC
Significance Level
a = 0.05
Rejection Region
Reject the null hypothesis if p-value ≤ 0.05.
Ranks
Trap_Type
N
Culex sp. HDT
Human
HDT Dog
HLC

Mean Rank
6
8.33
6
6

8.00
12.17
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Total

18

Test Statisticsa,b
Culex sp.
Kruskal-Wallis
2.260
H
df
2
Asymp. Sig.
.323
a. Kruskal Wallis Test
b. Grouping Variable:
Trap_Type
Decision
Since p-value = .323 > 0.05, we shall accept the null hypothesis.
At the a = 0.05 level of significance, there is not enough evidence to conclude that there is a
difference in the median Culex spp. catches by the three traps.
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Appendix F
Question 5.
Is there a temporal bias in the collection of Anopheles spp. in the date of mosquito
catches for HLC collections?
Hypotheses
H0: Day1 = Day2 = Day3 = Day4 = Day5 = Day6 (The median Anopheles spp. catches are
equal.)
Ha: Not all of the medians are equal.
Significance Level
a = 0.05
Rejection Region
Reject the null hypothesis if p-value ≤ 0.05.
Ranks
Day of Collection
Anopheles sp. Day 0 | May 13, 2019
Day 1 | May 14, 2019
Day 3 | May 16, 2019
Day 4 | May 20, 2019
Day 5 | May 21, 2019
Day 6 | May 22, 2019
Total

N
13
5
7
10
51
17
103

Mean Rank
29.00
3.00
9.00
17.50
78.00
44.00

Test Statisticsa,b
Anopheles
sp.
Kruskal-Wallis
102.000
H
df
5
Asymp. Sig.
2.0018E-20
a. Kruskal Wallis Test
b. Grouping Variable: Day of
Collection
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p-value = Asymp. Sig. (2-tailed) = 2.0018E-20
Decision
Since p-value = 2.0018E-20 ≤ 0.05, we cannot reject the null hypothesis.
At the a = 0.05 level of significance, there is enough evidence to conclude that there is a
difference in the Anopheles spp. catches by the day of collection.
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Appendix I
Consent form.
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Appendix J
Mosquito collection.

Sample
Number
D801
D802
D803
D804
D805
D806
D807
D808
D809
D810
D811
D812
D813
D814
D815
D816
D817
D818
D819
D820
D821
D822
D823
D824
D825
D826
D827
D828
D829
D830
D831
D832

Morph ID
An. albimanus
An. albimanus
Culex
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. calderoni
An. albimanus
An. calderoni
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. calderoni
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
Culex
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus

Collection
Day
Collection Place
6/18/19
Soccer Field
6/18/19
Soccer Field
6/15/19
Soccer Field
6/18/19
Soccer Field
6/18/19
Soccer Field
6/18/19
Soccer Field
6/17/19
Soccer Field
6/13/19
Soccer Field
6/17/19
Soccer Field
6/18/19
Soccer Field
6/17/19
Soccer Field
6/18/19
Soccer Field
6/15/19
Soccer Field
6/18/19
Soccer Field
6/16/19
Soccer Field
6/18/19
Soccer Field
6/16/19
Soccer Field
6/17/19
Soccer Field
6/13/19
Soccer Field
6/13/19
Soccer Field
6/18/19
Soccer Field
6/13/19
Soccer Field
6/18/19
Soccer Field
6/15/19
Soccer Field
6/18/19
Soccer Field
6/13/19
Soccer Field
6/15/19
Soccer Field
6/16/19
Soccer Field
6/16/19
Soccer Field
6/13/19
Soccer Field
6/18/19
Soccer Field
6/18/19
Soccer Field
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D833
D834
D835
D836
D837
D838
D839
D840
D841
D842
D843
D844
D845
D846
D847
D848
D849
D850
D851
D852
D854
D855
D856
D857
D858
D859
D860
D861
D862
D863
D864
D865
D866
D867
D868
D869
D870
D871
D872
D873

An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. calderoni
An. albimanus
An. albimanus
Culex
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
Culex
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. calderoni
An. albimanus
An. albimanus

6/18/19
6/18/19
6/17/19
6/13/19
6/13/19
6/18/19
6/16/19
6/18/19
6/18/19
6/17/19
6/18/19
6/18/19
6/16/19
6/13/19
6/18/19
6/13/19
6/16/19
6/18/19
6/18/19
6/17/19
6/18/19
6/17/19
6/15/19
6/17/19
6/13/19
6/18/19
6/18/19
6/18/19
6/17/19
6/15/19
6/18/19
6/18/19
6/18/19
6/18/19
6/18/19
6/18/19
6/18/19
6/18/19
6/18/19
6/18/19

Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
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D874
D875
D876
D878
D879
D880
D882
D883
D884
D885
D886
D887
D888
D889
D890
D892
D893
D894
D895
D896
D897
D898
D899
D900
D901
D902
D903
D904
D905
D906
D907
D908

An. albimanus
An. albimanus
An. calderoni
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. calderoni
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. albimanus
An. calderoni
An. albimanus

6/18/19
6/18/19
6/13/19
6/18/19
6/18/19
6/13/19
6/18/19
6/18/19
6/18/19
6/18/19
6/18/19
6/18/19
6/18/19
6/18/19
6/18/19
6/19/19
6/19/19
6/19/19
6/19/19
6/19/19
6/19/19
6/19/19
6/19/19
6/19/19
6/19/19
6/19/19
6/19/19
6/19/19
6/19/19
6/19/19
6/19/19
6/19/19

Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
Soccer Field
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