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ABSTRACT

In response to the Zika outbreak in the Americas, Washington, D.C. substantially
increased mosquito monitoring activities. Facilitating a place-based characterization of the
urban environment where disease-carrying vectors live and breed, technology can be used to
identify at-risk urban populations and develop targeted strategies to respond. Geographic
Information Systems (GIS) possess capabilities that written narratives cannot provide and can
inform more accurately: locations of risks, spatial relationships, and the environmental and
social issues associated with areas potentially harboring virus carrying vectors. The research
will show the importance of regional collaboration with partners in Maryland and Virginia who
share not only “invisible” borders, but also infrastructure, transportation, and testing facilities
critical to the District’s comprehensive arbovirus surveillance and mitigation plan. Strategic
alliances involving the Department of Defense (DOD), public/private partnerships with the
National Gallery of Art, and most recently and remarkably, the Federal National Park Service,
are key collaborators providing for the most comprehensive mosquito surveillance and vector
control program in the history of Washington, D.C.

2

KEYWORDS

Data Analytics, GIS, Arbovirus Diseases, Zika, Zoonosis

RESEARCH QUESTIONS

Can the use of GIS in analyzing mosquito populations be used to predict species distribution
throughout the District of Columbia and can data analytics be used to determine vulnerable
populations and increase the response time in the event of disease outbreak?

Are the District’s current policies effective and enforceable regarding seasonal mosquito
surveillance, larval habitat source reduction, larval mosquito control, outreach, education, and
mosquito harborage violations?

What role does the recent rapid development of new housing and neighborhoods in D.C.’s urban
environment play in the increased populations of mosquitoes and their larval habitats?
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Introduction
Urban planning and public health have been intertwined for most of their histories. In 1854,
British physician John Snow used geographic mapping of an outbreak of cholera in London to
identify a public water pump as the outbreak’s source, catalyzing geographic analysis as a key
planning tool shared by urban planning and public health (Kochtitzky et al. 2006, 1).

Figure 1 Source: The Daily Beast, Aedes aegypti Mosquitoes Surround DC Monuments.

Urban planning and public health share common missions and perspectives. Both aim to
improve human well-being, emphasize needs assessment and service delivery, manage complex
social systems, focus at the population level, and rely on community-based participatory
methods. Both fields focus on the needs of vulnerable populations. Planning in the United States
originated with a public health purpose. Rapid urbanization resulted in overcrowded and poorly
constructed housing, noxious industrial and manufacturing uses, and increased levels of human
and animal waste. The planning and public health professions were joined by a shared focus on
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urban reform and a common goal to prevent outbreaks of infectious disease (American Planning
Association 2018, 1).
Urban planning and public health have been intertwined for most of their histories. In
1854, British physician John Snow used geographic mapping of an outbreak of cholera in
London to identify a public water pump as the outbreak's source. Geographic analysis is a key
planning tool shared by urban planning and public health. In the mid-1800s, planners such as
Frederick Law Olmsted bridged the gap between the fields by advancing the concept that
community design contributes to physical and mental health; serving as President Lincoln’s U.S.
Sanitary Commission Secretary; and designing hundreds of places, including New York’s
Central Park. By 1872, the disciplines were so aligned that two of the seven founders of the
American Public Health Association were urban designers (an architect and a housing specialist).
In 1926, the U.S. Supreme Court, in validating zoning and land-use law as a legal government
authority in Village of Euclid v. Ambler Realty, cited the protection of public health as part of its
justification. Other connections have included 1) pioneering urbanist Jane Jacobs, who during the
1960s, called for community design that offered safe and convenient options for walking, biking,
and impromptu social interaction; and 2) the Healthy Cities movement, which began in Europe
and the United States during the 1980s and now includes projects in approximately 1,000 cities
that in various ways highlight the role of health as much more than the presence of medical care.
During the 19th and early 20th centuries, the synergies between urban planning and public
health were evident in at least three areas: creation of green space to promote physical activity,
social integration, and better mental health; prevention of infectious diseases through community
infrastructure, such as drinking water and sewage systems; and protection of persons from
hazardous industrial exposures and injury risks through land-use and zoning ordinances
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(Kochtitzky et al. 2006, 2). Throughout the course of the 20th century and into the 21st,
however, planning diverged from its common roots with public health. Planners focused on
managing land use, physical development, and supporting infrastructure, while public health
professionals took the lead in addressing individual health and safety concerns. These diverging
missions have led to a siloed approach to influence the social and environmental determinants
that significantly impact individual and population health (American Planning Association
2018).
The disciplines recently have begun to reintegrate. During the last 20 years, shared
concerns have included transportation planning to improve air quality, encourage physical
activity, prevent injuries, and promote wellness. In addition, some original crossover ideas, such
as the potential for parks and recreational facilities to contribute to physical activity and mental
health, have reemerged. Relatively recently, urban planning has focused on the effects of
community design on energy use and greenhouse gas emissions to affect the growing public
health concern of climate change. Finally, emergency preparedness (e.g. community
infrastructure assurance, evacuation planning) and access to health care (e.g. assurance of
accessibility and adequacy of facilities) are topics important to both disciplines (Kochtitzky et al.
2006, 2).
Facing basic challenges of operations, logistics, resource allocation, and management, the
healthcare sector is embracing the use of Geographic Information Systems (GIS) to overcome
these hurdles and address issues of planning which impact public health. Using location as a
logical nexus, GIS allows local officials to not only address those challenges but to more
efficiently distribute resources and target public health messaging. Integrating multiple types of
data (e.g. outreach events, epidemiologic data, vector control data) for resource allocation
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planning purposes, GIS enhances the District of Columbia’s abilities to identify areas at high risk
for transmission of disease, report timely information to key stakeholders on response activities,
and more efficiently target outreach activities.
The world is becoming urbaner every day, and the process has been ongoing since the
industrial revolution. The United Nations (UN) now estimates that 3.9 billion people live in
urban centers. The rapid influx of residents is however not universal and the developed countries
are already urban, but the big rise in urban population in the next 30 years is expected to be in
Asia and Africa. Urbanization leads to many challenges for global health and the epidemiology
of infectious diseases. Living in a city can provide residents with several advantages, such as the
possibility for higher education, a new job with higher income, the security of better health care,
and the safety of social services, but so too are the possibilities of contracting an infectious
disease.
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Literature and Professional Best Practice review
Local governments are turning to technology to improve how they deliver services,
increase productivity and streamline operations. Many cities are using or expect to use a range
of advanced software tools, technology practices, and computer systems to handle dozens of
needs. Supporting and changing how local government operates and serves its citizens are major
technology trends like “Stat” programs, Data Analytics and Informatics, Online Citizen
Engagement and Geographic Information Systems. GIS is an old technology that has taken on
renewed importance in recent years and has capabilities that can store, manipulate and analyze
spatial or geographical information. Among the many benefits and long considered a specialized
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technology primarily for city planning and environmental projects, cities now use location
intelligence to run social service activities and support public safety and health initiatives
(Newcombe 2014, 2-4).
Integral to operations and planning in the development of a Zika virus readiness,
response, and recovery plan, GIS is used to assess targeted intervention areas in the jurisdiction
by mapping the locations of the surveillance sites in proximity to at-risk populations determined
by various geospatial analysis methodologies which consider the potential range for Aedes
aegypti and Aedes albopictus, levels of resident and visitor travel to/from endemic countries,
proportion of households lacking air conditioning or screens, and rates of pregnancy and unsafe
sex practices. The mapping of at-risk populations will also help to inform the development of
focused risk communications and community education for pregnant women, travelers,
healthcare providers, and the public, encouraging risk-reduction behaviors and improving
prevention measures taken to protect pregnant women and other at-risk populations. GIS can
also be helpful in assessing patient care and management by mapping the medical infrastructure,
including the availability of medical specialists and diagnostic and treatment capacity.
The concept of Integrated Mosquito Management (IMM) is central to the goal of
mosquito prevention and control (see figure 2). The principles underlying IMM were first
enumerated in 1871, but a full realization of the complexity of its components has only come
about since the mid-twentieth century. The term Integrated Mosquito Management is derived
from integrated pest management, which has been defined as a synergistic, ecosystem-based
strategy that focuses on long-term suppression of pests or their damage through a combination of
techniques, including biologic control, trapping, habitat manipulation, and chemical control.
IMM follows a similar paradigm. It is a comprehensive mosquito prevention and control
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strategy that utilizes all available mosquito control methods, either singly or in combination, to
exploit the known vulnerabilities of mosquitoes to reduce their numbers while maintaining a
quality environment (Association 2017, 10).

Figure 2 Source: American Mosquito Control Association (AMCA), Integrated Mosquito Management.

The core of IMM includes four critical tactics:
1. Surveillance, mapping, and rational setting of action thresholds
2. Physical control through manipulation of mosquito habitat
3. Larval source reduction and adult mosquito control
4. Monitoring for insecticide efficacy and resistance
Spatial data consists of information recorded by mosquito control programs as well as
base map layers that provide context. Such data may be acquired by several means. Existing
maps or aerial photographs may be digitized and imported into a spatial database. Public domain
maps are available on the internet for all major metropolitan and suburban regions in the United
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States. Numerous software packages make the presentation and basic analyses of spatial data
relatively easy. For GIS to be useful for mosquito control, one must first think carefully about
scale, both spatially and temporally, at which data are to be recorded, analyzed, and mapped (e.g.
a single, high-resolution survey represents a snapshot in time and may not be useful in a future
time). To the extent that resources allow, it is best to record surveillance and control data at the
finest resolution possible to allow for later analyses that may not be foreseen at the time of data
collection. Ideally, spatial data should be collected at the level of individual collection locations,
sources of larval or adult mosquitoes, or specific locations where control measures have been
implemented. Many locations are recorded as points (e.g., trap locations or household
inspections), whereas others may be more appropriately recorded as lines (e.g., truck-mounted
insecticide application routes, or catch-basin larvicide treatment routes) or polygons (e.g., aerial
treatment areas or large larval sources). Spatial data and derived maps can be used as
appropriate in the Pesticide Discharge Management Plan (Association 2017, 23). It should be
noted that the District of Columbia’s current policy does not include “adulticiding.” The District
strictly prohibits the spraying of insecticides via any method whether by truck-mounted
application, manually on foot (see figure 3) or aerial methods utilizing low-flying aircraft. It is
the belief of the DOH that the harm to the human population, especially those with respiratory
problems, the aged, the very young, and those with certain immune system deficiencies, as well
as, the remaining animal populations, is far too great a risk in such a densely urban environment
to warrant this extreme method of mitigation and control of the mosquito population. Further,
authorities at the District DOH cite the delicate ecological balance and necessity of adult
mosquito populations and their importance in the overall ecosystem.
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Figure 3 Source: Blissaigon.com, Adulticiding in Vietnam using malathion fogging method, Esri Story Map by Trey Cahill

The use of maps to understand spatial patterns is a simple, straightforward approach to
data analysis, as spatial patterns may be self-evident when presented on a map using color
gradients, differently sized symbols, or contours. Raw data from trap or control efforts can be
mapped directly in GIS software, which can clarify patterns in trap counts or control efforts
rapidly without the need for intermediate decisions or other analysis. Superimposing layers on
base maps with other geographic features is a qualitative but powerful way to provide data to
operational personnel or the public.
In addition to mapping raw data, it is often necessary to perform data analyses that
integrate the information from one or more elements of mosquito surveillance and control
programs. Spatial tools can provide useful indications to help prioritize public mosquito control
measures in areas where nuisance, human-mosquito contact, and risk of local arbovirus
transmission are likely to be highest. This may include using simple risk models to integrate
several surveillance data sets or spatial analyses that help to clarify the relationship between
multiple layers of spatial data. For example, GIS has been employed in many areas to
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understand local factors associated with Aedes distribution and abundance. More formal data
analysis can also be done by modeling, integrating GIS data with standard statistical or
mathematical models that capture the dynamics of mosquito populations or pathogen
transmission (Association 2017, 24).

Figure 4 Source: ArcGIS Map by Trey Cahill, Data Enrichment of WNV Positive Sites Showing Vulnerable Elderly Populations.

Operationally, GIS software serves as a spatial toolbox to estimate distances, conduct
buffer analyses within special radii, or perform spatial queries that combine data from multiple
sources (see figure 4). Results of spatial analyses then can be presented in the form of maps
indicating areas of high mosquito abundance or pathogen transmission risk as targets for
mosquito control. For Aedes albopictus and Aedes aegypti, projected habitat suitability and risk
maps have been developed by the CDC, updated as of the 2017 arbovirus season and have
proven to be useful at broad scales to guide surveillance or to predict arbovirus transmission risk
(see figure 5).
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Figure 5 Source: CDC 2017, Distribution of Aedes aegypti and Aedes albopictus in the United States.

This is particularly true in temperate habitats where the continued expansion of these
species is associated with new public health concerns. Such modeling can be used on a broad
scale to predict geographic trends over time, but it also has utility at finer local scales. For
example, in areas permanently colonized by Aedes species, it is critical to identify potential
spatial and temporal hot-spots that may be associated with higher nuisance biting and risk for
disease transmission to prioritize mosquito control interventions (Lima et al. 2016, 231). Each
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year D.C. Department of Health (DOH) endeavors to combat emerging vector-borne zoonotic
diseases by executing its Arbovirus Surveillance and Response Plan in the District. This plan
has been in place since 2002 as a public health response in efforts to reduce the risk of
arboviruses such as the West Nile virus. In response to the increased concerns surrounding the
emerging Zika virus, the 2016 plan was enhanced to include surveillance and response to
multiple arboviruses, including Dengue (DNV), Chikungunya (ChikV) and Zika virus (ZIKV).
The Plan includes vital strategies to render the following public health services to the District’s
residents: human surveillance, seasonal mosquito surveillance, larval habitat source reduction,
larval mosquito control, outreach and education (Health 2016, 1).
Aedes aegypti is the primary vector of dengue, the most common arboviral disease,
across most tropical and subtropical regions of the world. It is also a major vector of
chikungunya, a rapidly emerging virus that is causing significant disease throughout the
Caribbean islands and much of the Central and South America. In the continental United States,
indigenous transmission of dengue has been observed in Florida since 2009. No licensed
vaccines or therapeutic drugs are available for preventing or treating either disease. Aedes
aegypti is a highly anthropophilic invasive species that is well adapted for wide-spread
colonization of urban environments. Considered a peridomestic species of mosquito it readily
breeds in water in natural and man-made containers around and within human dwellings.
Although Aedes aegypti has likely maintained an intermittent presence in the United States for
∼375 years, its distribution has been assumed to be limited by cold temperatures to boundaries
roughly southward of the average 10°C winter isotherm. However, two potentially synergistic
phenomena may be at play, which promotes sustained northward range expansion: 1) the
influence of climate changes that will allow for expansion into areas not previously colonized
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(see figure 6), and 2) this species readily adapts to breeding in subterranean structures that
provide a suitable and protective environment from adverse climatic conditions. Other Aedes
species, specifically Aedes japonicus, not endemic to WDC and historically considered a Florida
mosquito, has also colonized in the District. Although Aedes aegypti collections have been
reported from Virginia and Maryland, they typically comprised relatively small numbers and
have been considered seasonal introductions, and restricted from overwintering by cold-season
extremes, as no life stage is tolerant of even short-term (e.g. overnight) temperatures below 0°C
(Lima et al. 2016, 231).

Figure 6 Source: NOAA, Washington, D.C. Average Temperatures from 1860 to 2020.

Since it was first discovered in 1947 in the Zika Forest of Uganda, from which it derives
its name, Zika was first detected in humans in 1952 in Africa, followed by cases in Southwest
Asia and the Pacific islands, but totaling as few as 14 cases before 2007. The first case in Brazil
was confirmed only in May 2015. Then something happened, and by February of 2016, it had
become what was described by the WHO as “a public health emergency of international
concern” (Daly 2016, 4-6).
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Washington, D.C. has been permanently colonized by the Aedes species. Although the
District of Columbia is generally known as a “Culex” species nation, Aedes albopictus,
commonly known as the Asian Tiger mosquito because of the black and white striped
appearance of the legs, is ubiquitous throughout most of the DC wards. Aedes aegypti, whose
common name is the yellow fever mosquito, is fast becoming more than just “representing a
resident Washington, D.C. (WDC) population, likely maintained during winter months in a
subterranean habitat that facilitates year-round survival,” as suggested by Lima et al, the group of
scientists who conducted a study on summer collections and genotypic analyses of Aedes aegypti
collected in the Capitol Hill neighborhood from 2011-2014 (see figure 7).

Figure 7 Source: American Mosquito Control Association, Aedes aegypti and Aedes albopictus mosquitoes.

The growing trend of urbanization around the world has shifted some infectious diseases,
which have traditionally been perceived as rural, to urban settings. The World Health
Organization (WHO) has published a list of 17 neglected tropical diseases, several of them have
now become a reality in the urban environment. One parasite species among this list is
Wuchereria bancrofti, located in many urban areas around the world typically where there is lack
of proper sanitation facilities. One of the vectors for this parasite is the mosquito Culex
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quinquefasciatus, which thrives in these surroundings, especially in overcrowded areas with poor
sanitary and draining facilities. The mosquito vector Culex spp. can be found in a large part of
Central and South America, East Africa, Asia, the Caribbean and North America, and, is the
most abundantly found species in Washington, D.C. Another vector which has adapted well to
urban surroundings including WDC, and is a key component in this research is the mosquito
Aedes aegypti. This species is a key component for dengue transmission and is on WHO’s list of
neglected tropical diseases, and, is on the rise worldwide.
The number of infections of Dengue hemorrhagic fever worldwide from this vector has
drastically increased in the tropical regions of the world the last 40 years with some studies
estimating 390 million cases each year (Neiderud 2015, 3). This vector has been present in DC
for an undetermined amount of time, most likely arriving in shipping containers during the slave
trade in the sixteenth and seventeenth centuries. Because it is considered a competent vector for
Dengue, Zika virus, Yellow Fever, and Chikungunya, the Public Health Laboratory (PHL)
starting testing for all four of these diseases in 2016 when the program obtained necessary
funding from the CDC to enhance arbovirus surveillance in the District due to the local
transmission of Zika in Florida and Texas.
Often several different factors need to be favorable for a vector-borne disease to adapt to
the conditions in an urban environment. For example, West Nile virus (WNV) infection is an
infectious disease which has become a reality in the urban environment and has been present in
WDC most assuredly since 2002 and as early as 1999. The primary vector is the mosquito Culex
pipiens, also abundant in DC (see table 1), and which lay their eggs in marsh-like stagnant water
and wetland areas which have recently flooded or will likely flood. There were significant
differences in mosquito distributions year over year from 2016 to 2017. This may be explained
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by severe weather patterns in the summer of 2017 as well as programmatic changes made to the
surveillance protocol by the Animal Services Division of the DOH and will be explained further
in the findings section.

Table 1 Source: DC DOH, Harvest Totals per Ward by Site, 2016.

Table 2 Source: DC DOH, Aedes Species Harvest Totals by Ward for 2017 Season.

The Vector-Borne Infectious Disease Control Act of 2004 clearly outlines the nature of
the violation, provides a schedule of the fines, allotment of time to resolve the violation and other
stipulations in section 8-2131 of the DC official code (see figure 8).

22

Figure 8 Source: DOH, Vector Control Division, Notice to Abate Public Health Nuisance.

However, the education of real estate and building professionals in the areas of vector
control and mitigation through outreach programs is critical to their understanding of how
construction sites contribute to unhealthy larval habitats. Currently, there are no clearly stated
guidelines for Developers once a site has obtained proper permitting for new construction. If an
existing building needs to be razed to begin the construction process, although requiring a signoff from Vector Control at the DC DOH, this only pertains to an inspection of rat infestation.
There is currently no requirement for the Animal Services Division, the division under which
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arbovirus surveillance falls, to verify the locations of new development areas in the District and
assess historical characteristics pertaining to any potential mosquito infestations in the past, or,
the likelihood of future infestations based on proximity to wetlands or low-lying areas in the
future. In places like Hong Kong, New Zealand and Austria, each with their own severe
mosquito infestation histories, clear guidance and policies are provided to developers and
involve their respective planning departments and policymakers in each step of the new
development process (see figure 9).

Figure 9 Source: Government of Hong Kong, Guidelines on Mosquito Prevention for Contractors of Construction Sites.

The Southwest neighborhood of the District is a busy place. More than 50 development
projects are planned or underway in the area, including The Wharf, the new DC United stadium,
and a new Pepco station, leading to increased business, residents, and excitement. According to
residents and in an article in the Hill Rag during the summer of 2017, some are wondering if all
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this all new development, combined with a rapidly warming climate will be accompanied by an
old problem: a proliferation of mosquitoes and the diseases they could potentially transmit. For
with construction comes the mosquitoes favorite breeding place—standing water (O'Gorek 2017,
2).

Figure 10 Social Vulnerability Index Map: Darkest blue tapestry segments are most vulnerable and near the waterfront.

Historically, the District’s waterfront neighborhoods have suffered disproportionately
from mosquito-borne illnesses, such as yellow fever, dengue, and malaria and it is also
noteworthy that these areas are also some of the poorest and most disadvantaged neighborhoods
in the District (see figure 10). The marshy flats of the Anacostia bred mosquitoes that tormented
early settlers and in the nineteenth-century residents living in the area around the James Creek
Canal called ‘Bloodfield’ had disease buzzing in their streets. The canal flowed through the
neighborhood along the current Canal Street SW, down Fifth St. SW to the Anacostia. Sewage
flowed into the canals and the creek, blocking flow and creating a breeding ground for
mosquitoes, malaria, and yellow fever in addition to cholera and dysentery. Over time, efforts
were made to clear the area of pests and disease. The canals were covered up beginning in 1870,
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and by 1949 malaria was basically eliminated in the United States by the use of DDT as part of
the National Malaria Eradication Program. But now the combination of the ongoing Southwest
development with a quickly warming climate has many asking if one of the largest construction
booms in America may bring about a resurgence of one of the smallest flying pests.
John Wennersten, Professor Emeritus in Environmental History at Maryland University
and author of The Historic Waterfront of Washington, DC, and co-author of Rising Tides:
Climate Refugees in the Twenty-First Century says that of the many possible threats climate
change poses, virulent mosquito infestations are a distinct – and frightening – possibility. “The
mosquito problem is largely a result of the changes in the climate and now we’re getting
mosquitoes that should normally be confined to tropical areas coming into our midst,” he says,
“and nobody seems to be that alarmed by it” (O'Gorek 2017, 2-3).
Andy Litsky is a Southwest resident and Advisory Neighborhood Commissioner (ANC)
for the area that includes The Wharf development. He said in consideration of low-lying lands,
such as Buzzard Point, and the multiple construction sites, residents have to be alerted to
standing water and take measures to reduce it. “Those of us who live near construction sites have
to be aware that if we see pooling water we have to report it to the folks who are doing the
construction so that it can be dealt with.” However, this is part of the problem in D.C.
Reporting it to construction personnel often falls on deaf ears or, it is not taken seriously enough
by construction staff to prompt them to mitigate the problem. Getting to the right person, a
supervisor or superintendent, then informing them that a report will also be made to the DOH is
most effective. Residents need to be aware of the Districts’ 311 reporting hotline as well, as this
is the correct method of reporting issues such as standing water or mosquito infestations. If
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DOH is made aware, an investigator will be sent out to the site to speak directly with those in
charge to ensure compliance with the D.C. code.
Commissioner Rhonda Hamilton (6D06), whose single-member district lies just north of
the future site of the DC United Stadium, says that the mosquitoes have grown more numerous
and more aggressive over the past few years. She says in the article, “There used to be a time
when they’d just bite you in the evening or at night, but these mosquitoes just bite you all day
long. These mosquitoes are more aggressive and stay out longer (O'Gorek 2017, 3).” What
Commissioner Hamilton may not know is that they are not being bitten by nocturnal species of
mosquitoes. She and other residents are experiencing the aggressive behavior of the diurnal
Aedes species, both aegypti and albopictus, successful invaders into human environments which
have preadapted to conditions that are harsher and less forest-like, and, they prefer humans as the
hosts of their blood-meals. These species have rapid bites allowing then to escape being
squashed by the victim of the blood meal, a meal a female mosquito desperately needs in order to
provide her eggs with the necessary protein for development. The Commissioner went on to say
that mosquitoes in Southwest are a quality-of-life issue. They prevent folks from sitting on their
front porches in the spring and summer to socialize with passers-by stating, “we can’t even enjoy
our yards, or have cook-outs. You can’t just have kids running around in that.”
Unfortunately, however, learning to co-exist with mosquitoes might be the least of our
worries. Once thought eradicated, in 2002 the British Medical Journal reported two cases of
malaria acquired locally from mosquitoes along the Potomac River (O'Gorek 2017, 4). And,
although Commissioner Hamilton and other interviewed residents cited in the Hill Rag article
instances of illness of which they were aware, and expressed disapproval of the District’s
abatement efforts, decision to discontinue chemical spraying, and opinions on what they think
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the budget should be in this regard, Dr. Vito DelVento, Executive Director of the DOH Animal
Services Program, stated in an interview, “I don’t know of any other place in the U.S. that is
implementing as thorough a program as we do.”
It is the responsibility of the Department of Health (DOH) to monitor the transmission of
disease in the District. For the past fifteen years, there has been a robust mosquito abatement and
monitoring program in place. Of those diseases most commonly associated with mosquitoes,
such as Zika, West Nile, Chikungunya and the Dengue Virus, DOH has only identified West
Nile in mosquitoes. To DelVento, this is not a surprise. “We know that West Nile is here, has
been here and is likely to always be here [in the mosquito population] (O'Gorek 2017, 5).”
The DC DOH have captured and identified Aedes aegypti in past years but these potential
carriers of Zika have made up less than 1% of mosquitoes captured and none have carried Zika
or any of the other diseases. This may be changing in the District of Columbia. As of the end of
the 2017 arbovirus season in October last year, the percentage of Aedes aegypti versus Culex
pipiens increased dramatically to a 50-50 split (see figure 11). It is, however, too soon to come
to any reasonable conclusion about this increase because new traps which specifically target the
Aedes species were added in 2017. The BioGents Sentinel (BG-Sentinel or BGS) was added to
the DOH’s trapping arsenal, and that fact in combination with new types of lures may have
contributed to the seemingly dramatic increase in proliferation of this species in Washington,
D.C. More time and another season or two may be necessary to make a more reasonable
assumption as to the increase of this dangerous disease-carrying vector.
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Figure 11 Source: DOH Animal Services Division. 2017 Mosquito Species Distribution.

In one case study from the Shire of Murray in Western Australia, vector control officials located
in that jurisdiction clearly state that there is a lack of policy development – Development of a
Planning Policy for Mosquitoes and Development. Residential design codes in residential
subdivisions are insufficient and buffer guidelines are generally not included in local planning
policies, strategy or schemes. There are some inclusions but they do not properly address the
issue of residential developments next to natural wetlands. There are environmental and natural
resources policies – Water Resources – Canal Estates and Artificial Waterway Development
policies, but why are there no jurisdiction mosquito planning policies? Officials believe there
are a number of reasons:
• The Department of Planning does not believe mosquitoes are its responsibility
• Strategic planning is not applicable now that most potential residential land is already
zoned (i.e. it is too late)
• Mosquitoes are already referred to in relevant policies
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• Technical and political aspects are too complicated
• Mosquitoes may constrain development too much
• Additional planning workload
Implications of lack of planning policy Mosquitoes are:
• Not a recognized natural hazard
• Not a recognized environmental factor (e.g. for inclusion in environmental impact
assessments)
• Not a recognized subdivision issue
• Not recognized as a development contribution issue
• Not a recognized planning issue (Murray 2016)
To highlight this on our shores, one only needs to take a look at the Sustainable DC policy
here in our jurisdiction. The Only mention in the entire Sustainable DC policy documentation
that alludes to mosquito related issues, is located in the Water Solutions section under Action 1.2
(see figure 12) (Environment 2011, 94). It states just this:

Figure 12 Source: 2011 Sustainable DC Plan, Mention of Pesticides related to West Nile Virus.
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Further, I would argue that there are other strategies being planned by the Sustainable DC
initiative that has not adequately addressed this issue of arbovirus diseases. Strategic Planning in
the Sustainable DC policy/plan contains goals which could increase the potential for vectorborne diseases. Some of these are found in the Water Solutions Action sections (see figure 13).

Figure 13 Source: 2011 Sustainable DC Plan. Revised Building Codes for Alternative Water System.
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Located in Action 3.2 and 3.3, these so-called “actions,” while possible good solutions to one
problem, may in fact cause yet another problem, that of mosquito harborage. If these are actual
goals in this plan then they should be modified with additional criteria which mandate and
ensures these systems are covered with screens to prevent becoming a new habitat for potential
mosquito harborage (Environment 2011, 96).

Research Methodology

Utilizing original field studies and observations, interviews with epidemiologists from
DC DOH Center for Policy, Planning and Evaluation (CPPE) and Animal Services Division, as
well as interviews with other agency stakeholders and Q & A sessions from lectures given by the
author at public meetings, geographic information systems (GIS) will be used to enable decision
makers to capture, manage, display, and analyze large quantities of spatiotemporal data in a
geographic context. Mapping and analysis of spatial data with (GIS) are essential elements of
modern mosquito surveillance and control programs. Coupled with remote sensing and decisionsupport system technologies, GIS provides a powerful platform that can be used not only to
enhance surveillance and direct field operations, but also to provide the evidence needed to
educate the public, government, funding bodies, and other stakeholders (Association 2017, 22).
There will be three components involved in the development and application of GIS concerning
this vector-borne disease surveillance system, consisting of Data acquisition and management,
Visual presentation, and Statistical analysis.


Data acquisition and management
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o Spatial data consists of information recorded by mosquito control programs as
well as base map layers that provide context
o Existing maps or aerial photographs may be digitized and imported into a spatial
database
o Public-domain maps are available on the Internet for all major metropolitan and
suburban regions in the United States
o Numerous software packages make the presentation and basic analyses of spatial
data relatively easy


Visual presentation
o You must first think carefully about the scale at which data are to be recorded,
analyzed, and mapped
o To the extent that resources allow, it is best to record surveillance and control data
at the finest resolution possible to allow for later analyses that may not be
foreseen at the time of data collection
o Ideally, spatial data should be collected at the level of individual collection
locations, sources of larval or adult mosquitoes, or specific locations where
control measures have been implemented
o Many locations will be recorded as points (e.g., trap locations or household
inspections), whereas others may be more appropriately recorded as lines (e.g.,
truck-mounted insecticide application routes) or polygons (e.g., aerial treatment
areas or large larval sources) ** note: In the District of Columbia, aerial and
truck-mounted insecticides are not protocol, but locations of monthly larvicide
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treatments will be recorded as lines and/or polygons, as well as point features for
each catch basin (see figure 16).
o Spatial data and derived maps can be used as appropriate in the Pesticide
Discharge Management Plan


Statistical analysis
o Spatial patterns may be self-evident when presented on a map using color
gradients, differently sized symbols, or contours
o Raw data from trap or control efforts can be mapped directly in GIS software,
which can clarify patterns in trap counts or control efforts rapidly without the
need for intermediate decisions or other analysis
o Superimposing layers on base maps with other geographic features is a qualitative
but powerful way to provide data to operational personnel or the public
o In addition to mapping raw data, it is often necessary to perform data analyses
that integrate the information from one or more elements of mosquito surveillance
and control programs
o More formal data analysis can also be done by modeling, integrating GIS data
with standard statistical or mathematical models that capture the dynamics of
mosquito populations or pathogen transmission (Association 2017, 23-24)
The data sets contained herein and used for all maps included in this study are data

captured, tabulated and analyzed for use by the Dept. of Animal Services as well as the Dept. of
Epidemiology, The Center for Policy, Planning and Evaluation (CPPE). The maps consist of
location data for 2016 and 2017. They contain specific locations throughout the District of all
mosquito traps, and all the following attributes are contained in the data tables:
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Date/Time of Trap set



Date/Time of Trap harvest



Type of Trap (e.g. Gravid, CO2, BG-Sentinel, see figure 15)

Figure 14 Source: BioQuip. Trap types used. Gravid, CO2, BG Sentinel, in order from left to right.



Type of Site (e.g. Industrial, Residential, Commercial)



Nearest street address to the trap site



Latitude/Longitude of the trap site



Genus/Species/#Males/#Females/Larval Counts/Pupae Counts

Table 3 Source: DC DOH, Arbovirus Surveillance Summary Data for 2017 Season.

35

Chapter 1: A Location Platform for Health and Human Services
Nearly every health decision involves geography at some level. Whether tracking the
spread of disease or managing complex health systems, maps add critical context that enables
local health departments to create healthier communities and save lives. Place matters (Esri
2015).

Figure 15 Source: ESRI Story Map Trey Cahill, Distribution of Mosquito Traps in all 8 DC Wards depicting WNV Positive Sites.

In accordance with best practices, surveillance and control data in the District was
recorded at the finest resolution and, was collected at the level of individual collection locations
(see figure 15), sources of larval or adult mosquitoes, and specific locations where control
measures were implemented. Many locations were recorded as points (i.e., trap locations or site
inspections), whereas others were more appropriately recorded as lines or polygons as they
pertain to larvicidal treatment areas or large larval sources (see figure 16).

36

Figure 16 Source: Map by Trey Cahill, District of Columbia’s Larvicide Cycle 1, July 2016.

Figure 17 Source: DC DOH, Arbovirus Program Data 2016. Graph of degree-day model showing species peaks, epi-weeks 1-30.
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Chapter 2: Delivering Risk Communication Messaging

Education is a continuous process that ideally begins before there is a credible public
health threat. DOH endeavors to establish and maintain credibility and public trust by
providing accurate, clear, actionable, and timely information about what is known and what is
not known. This is required to reduce public anxiety and give people practical and concrete
steps to protect themselves. Getting the word out in a non-stigmatizing manner (educating, not
frightening) is critical (Association 2017, 6-8).

Figure 18 Source: Map by Trey Cahill, Community Outreach after Site Testing Positive for West Nile Virus, 2016.

Health Regulation and Licensing Administration (HRLA) collaborates with the DOH
Office of Communications and Community Relations (OCCR) and the Health Emergency
Preparedness and Response Administration (HEPRA) to execute community outreach
engagements and events to provide public outreach and education, designed to protect residents
against mosquitoes and the diseases they carry. Health outcomes are shaped by more than
individual behaviors and clinical care; the major contributing risk factors to disease within an
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individual’s control are influenced by factors such as the infrastructure and environments that
exist within workplaces, schools, neighborhoods, and communities. Decisions that leaders make
regarding land use, urban design, and transportation impact local air quality, water quality and
supply, traffic safety, physical activity, and other exposures. These decisions are linked to some
of the nation's most intractable public health problems, including adult and childhood obesity,
cancer, respiratory problems, environmental justice, and zoonotic diseases like WNV and Zika.
Addressing these health challenges requires efforts among multiple groups to integrate all
components of the public health system and the built environment (American Planning
Association 2018, 1).
Community outreach messaging, not only at targeted events held throughout each ward
(see figure 19), but also, real-time responses to positive results from the Public Health Lab
(PHL) once a site tests positive for a zoonotic disease are used as baseline methodology for
targeted responses in the event of a Zika, or other harmful arbovirus disease outbreak (see figure
18). Intervention strategies include two components: DOH prevention: DOH Animal Services
Division provides supplies including larvicidal dunks, condoms, insect repellants and literature
to each of the 16 District recreation centers that have been determined to be Points of Dispensing
(POD) for mass care emergencies. Resident protection: District residents had the opportunity to
acquire free personal insect repellants from either the 16 POD/District recreation centers or
currently, directly from the DOH located at 899 N. Capitol St. NE, for self-application and
protection.
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Figure 19 Sources: ESRI Story Map by Trey Cahill, DOH HEPRA, Community Events for Public Outreach in 2016.

Chapter 3: Strategic Alliances & Regional Collaboration
This aspect of the DC DOH arbovirus surveillance program is the single most significant
component in the vector control program since its’ inception in 2002. The ability to now
monitor and control surveillance along the National Mall for the first time allows DOH the
opportunity to track potential threats of vector-borne disease against the 33+ million visitors
and residents of the District alike (see figures 20-22). The cooperation of the management of
National Gallery of Art is greatly appreciated and cannot be overstated.
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Figure 20 Source: Map by Trey Cahill, Trap Sites & Strategic Partnership with National Gallery of Art, National Mall, DC.

A large portion of the District of Columbia encompasses Federal land under the control
and operated by the National Park Service (NPS), including vast acres of open/green space.
DOH has not always been authorized to provide surveillance on these properties which has
limited their coverage of the District significantly. However, since 2002, DC DOH has
collaborated with the Atlantic US Army MedCom Division of the Public Health Command
(PHC). As part of the West Nile Management team, which includes representatives from
Maryland and Virginia, DC DOH and the Department of Defense (DOD) collaborate, share and
report collectively, results from annual mosquito surveillance performed on properties, not under
the jurisdiction of NPS. Training, conducted by PHC-Atlantic is a multi-service health
protection effort targeting the vectors of Zika, Dengue, Chikungunya and West Nile Viruses.
Training includes field trapping methods, basic mosquito ID (major Genera and selected
species), and sample handling.
A new public/private partnership was developed in 2016 with the National Gallery of Art
(NGA) properties adjacent to the National Mall. The addition of these properties included: NGA
Sculpture Garden, East Building (I.M. Pei Building), and West Building (see figure 20). The heat
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map at the base of the image shows that the West Building of the National Gallery of Art,
located in the center, contained the highest concentration of mosquitoes of those three sites along
the National Mall (see figure 22). These new trap sites have been vital in allowing additional
mosquito surveillance coverage in the monumental core, giving DOH access to over one-third of
the National Mall in the heart of DC. Given the extraordinary number of tourists to Washington,
D.C. annually, collaboration is critical in providing widespread coverage of the District and its
environs against these potentially harmful insects (see figure 21).

Figure 21 Source: National Park Service and Destination DC. Tourism Indicators.

Since the writing of this research document, a profound update has occurred most
recently in the protocol of arbovirus surveillance in the District of Columbia. As previously
stated, the National Park Service had not to date, opted to collaborate with the Department of
Health on mosquito surveillance in the national parks in DC. However, recent events have led to
the successful granting of research permits for four of the Federal National Parks in D.C. to
include; Rock Creek Park, The National Mall, East Potomac Park and West Potomac Park. This
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change in policy marks the first time the Federal government has opted to collaborate with the
DC Department of Health on such an important issue, providing unprecedented coverage of all
wards in the District of Columbia. Six new trap sites were added with the NPS locations, and
GIS was used to locate the exact placement of the new traps (see figure 23). One could argue
that this latest news of local and federal collaboration is a direct result of the following activities:
innovative GIS technology, pressure applied in the right place and in the right way, to both local
government and NGO organizations, presentations highlighting the advantages of GIS
technology at national health conferences, CDC’s pressure to start using GIS, as well as DOH’s
role in showing how and why this collaboration is necessary to achieve the desired public health
outcomes.

Figure 22 Source: DC DOH, Map Document by Trey Cahill, National Gallery of Art Site Specifics for Season 2017.
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Figure 23 Source: DC DOH, New Trap sites for 2018 which include Federal National Park Service sites (green “firefly” points).

Chapter 4: Effective Vector-Borne Surveillance and Control

The work of public health professionals is critical in combating the spread of vector-borne
disease through prevention and surveillance. Leveraging the Esri ArcGIS platform results in
effective planning and analysis, efficient coordination with field operations, cost savings, and
improved communication with the public.

In the District of Columbia, mosquito control and mitigation are conducted according to
the law most recently updated in 2013 in Subchapter II of Section 8-2141.01 as follows:
Subchapter II. Mosquito Control and Abatement.
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§ 8–2141.01. Annual mosquito control and abatement plan.
Beginning March 31, 2013, and annually thereafter, the Department of Health shall develop and
submit to the Council a mosquito-abatement plan, delineated by ward, for the following fiscal
year to prevent and abate the infestation of mosquitoes, which shall, at a minimum, include a:
(1) Determination of which wards are in greatest need of mosquito abatement;
(2) Plan of action to eliminate the habitats of immature mosquitoes and control immature and
adult mosquitoes;
(3) Plan to ensure that eradication measures are not injurious to pets or wildlife; and
(4) Delineation of the costs associated with the entire plan (Council 2004).
In accordance with D.C. law and with the DOH Arbovirus Surveillance, Mitigation and
Prevention Plan, 2016, mosquito surveillance included trapping of mosquitoes in each of the
eight District Wards. Trapping began in late April/early May, usually depending on the year and
prevailing climatic conditions signaling the start of the season and continued weekly through the
end of October for a total of 26-30 weeks. Trapping consisted of using a variety of traps to
include, but not limited to, gravid traps, carbon dioxide (CO2) traps, and, CDC Light traps.
BioGents Sentinel (BG) traps were not added until the 2017 season and will be discussed later.
A minimum of two traps per ward are mandated, but in consideration of the recent onset of Zika
in Florida and Texas, up to four trapping sites per ward were authorized for surveillance if
deemed necessary by vector control staff. Larger wards and areas of sizable water bodies and/or
woodlands may warrant additional trap sites. Additional trap sites were determined on the basis
of historical data related to heavily mosquito-infested areas, known hotspots for Aedes aegypti
mosquitoes, as well as general geographic equidistant distribution within the District (see figure
24).
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Figure 24 Source: DC DOH. 2016 WNV sites with known habitats of Aedes aegypti used to determine potential 2017 sites.

The neighborhood of Bellevue sits at the far southern end of the District and has many
garden apartments, one high-rise apartment building, and some 1940's era detached homes with
yards. Ward 8 also has several large federal and local institutions. Bolling Air Force Base, for
example, is in many ways a small town of its own, stretching along the Anacostia riverfront.
Saint Elizabeth’s Hospital is a large campus with sweeping views of the city. The Blue Plains
Wastewater Treatment Plant and DC Village both take up significant acreage at the southern tip
of the city and has been a significant source of mosquito breeding for many years (note DOD
reference of Bolling Air Force Base infestation in the findings section).
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Figure 25 Source: DC DOH, Larvicide Maps Showing Polygons with Number of Catch Basins Treated by Week.

Since 2002 the District of Columbia has been larviciding the catch basins in D.C.
seasonally, from the first of June through September, depending on how long and hot the
summers have been, in efforts to mitigate mosquito populations by targeting larval sources.
Mapping the progress and the workflow of the mosquito mitigation process increases field crew
efficiency, effectively targets areas based on historical and environmental data and increases
communication within an organization and with the public (see figure 25). DOH specifically has
been using a product from Valent BioSciences called VectoLex WSP in their larviciding process.
VectoLex WSP contains the active ingredient Bacillus sphaericus 2362 (strain ABTS-1743).
The formulation is ideal for treatment of “closed” habitats such as catch basins/storm drains and
other small breeding sites. The pouch is placed directly into the breeding site and is very useful
for control of West Nile virus (WNV) vectors in urban and suburban areas (see figure 26). Under
typical environmental conditions, VectoLex WSP provides up to 4 weeks of control in catch
basins/storm drains. In 2018, the Department of Health intends to start using a product from

47
Clarke called Natular as its new standard larvicide for mosquito control. Natular’s efficacy in its
upward range can be effective for up to 6 months. Although the product is more expensive than
products used previously, it will provide substantial cost and resource savings over the long term,
especially since catch basins will only need to be treated once per season.

Figure 26 Source: Valent BioSciences Corporation. VectoLex FG Biological Larvicide water soluble packet (WSP).

Natular’s active ingredient spinosad is a product derived from a naturally occurring soil
bacterium and has a unique mode of action that helps fight resistance. Resistance testing is
necessary by jurisdictions to ensure the species being targeted have not developed any resistance
to the larvicides being used to eradicate them. Natular, a product which is approved by the EPA,
offers a healthier alternative to protecting the well-being of communities and the environment.
Their formulations meet the criteria that make them an excellent choice for not only labeled
environmentally-sensitive habitats but also for the growing number of communities with green or
sustainable practice guidelines like Washington, D.C. (Clarke 2016).
To facilitate improved productivity and efficiency in the field, the Esri mobile application
Survey123 will be deployed in 2018 to support the entire mobile workflow (see figure 27). This
platform will allow vector control personnel at DOH to plan their work, coordinate activities,
navigate for higher productivity, capture data in the field, and monitor progress back at the
office. Using these mobile strategies rather than unconnected workflows will allow DOH to
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collect authoritative information as a system of record, capturing large amounts of data, vital
information that provides for a system of insight (Esri 2018).

Figure 27 Source: survey123.esri.com

Chapter 5: Human Surveillance and Epidemiologic Investigations
With GIS, you can influence policy and tackle issues at the forefront of public health. You
can manage pandemics, prevent chronic disease, and monitor environmental quality to bolster
population health, all while keeping the public informed about health resources and programs
with engaging story maps and open data.
DOH conducts active human surveillance in cooperation with area hospitals and the local
medical communities. Increased monitoring and mapping is a necessary tool for public risk
assessment. Investigating all reported cases of Arboviruses in the District to ensure detection of
WNV or other arboviral disease or bioagent, investigations may include blood tests or other tests
to detect a virus. DOH staff is responsible for informing public health officials and District
agencies about these diseases, efforts to decrease the transmissions of viruses, through the
findings of the human surveillance.
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Figure 28 Source: WTOP News article, ESRI Story Map by Trey Cahill, Sorting Mosquito Specimens in the PHL Virology Lab.

Among the multiple serious diseases for which mosquitoes are the primary vectors,
complications from these diseases often result in lifelong ailments with serious consequences.
Among these, and that which is of latest concern in the U.S. is the flavivirus, Zika. Transmitted
to humans by the Aedes aegypti mosquito, or, contracted through sexual intercourse from an
infected human, a pregnant mother may pass this virus congenitally to her unborn fetus. Mild
symptoms can develop within one week of exposure to the Zika virus and may include fever,
rash, joint pain and red eyes. While most are asymptomatic, approximately 20% of individuals
develop symptoms. Zika virus infection during pregnancy has been linked to birth defects
including microcephaly and other damage to eye, brain, and joints. There is currently no vaccine
or treatment for Zika so prevention is the key. An infected individual can spread Zika via
mosquito bite for up to three weeks post exposure and sexually up to eight weeks for women and
six months for men. One of the most serious issues newborns will face is Microcephaly (small
head syndrome). Scientists are still in the early stages of understanding and continue to study
cases listed in various pregnancy registries across the country (Shapiro-Mendoza 2017).
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Current guidance from the CDC in the Morbidity and Mortality Weekly Report
(MMWR) as of June 16, 2017, showed 5% of women with Zika virus infection during pregnancy
had children with birth defects. Directly related to trimester of exposure, 8% were in the first
trimester, 5% were in the second trimester, and 4% were in the third trimester. Reinforcing the
ability of placental testing to inform Zika status, there were 5,296 Zika cases in the U.S. as of
June 13, 2017. Of that total 1,963 were among pregnant women, 80 liveborn infants had birth
defects, and there were 8 pregnancy losses with birth defects. The Florida travel advisory was
removed on June 2, 2017. However, Brownsville in Cameron County, South Texas is the only
location in the U.S. with a current local transmission.

Findings and Analysis
After trapping, harvesting, sorting and testing 542 pools containing 3,760 specimens for
Zika, West Nile Virus (WNV), Dengue and Chikungunya viruses, no mosquitoes were found to
be carrying Zika in 2017. Approximately 22% (n = 4/18) of the sites managed by the DOH
tested positive for WNV. Of the seven trap sites where pools of Aedes aegypti mosquitoes were
collected, a total of 28% of those sites were found to have positive pools for WNV. Of the total
specimens collected: 1,865 (n = 1865/3760; 50%) were Culex pipiens; 42 (n = 42/3760; 1%)
were Aedes triseriatus; and 115 (n = 115/3760; 3%) were Aedes japonicus. Of the species which
have the potential to transmit Zika virus to humans: 1302 (n = 1302/3760; 35%) were Aedes
albopictus; 246 (n = 246/3760; 6%) were Aedes aegypti, the most competent vector in
transmitting Zika to humans; and, 190 (n = 190/3760; 5%) were Aedes species (unknown). Of
the 26 weeks represented in the sampling, positive pools for WNV were found 19% of the time
(n = 5/26), down significantly from 2016.
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Figure 29 Source: DC DOH, 2016-2017 Seasonal Arbovirus Surveillance compilations.

Out of the total 542 pools of mosquitoes submitted to the Public Health Laboratory (PHL) for
testing, only five of those pools tested positive for WNV in 2017. The DOH works with the
Department of Defense (DOD) seasonally on the Arbovirus program. The chart in figure 30
shows not only the results of positive PCR panels for the DOH seasonal harvest, but it also
includes the results of DOD’s trapping/testing efforts on sites they manage in Washington, D.C.
DOD’s testing results showed much higher numbers due to an infestation in Ward 8 on Joint
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Base Anacostia-Bolling AFB (JBAB), DOD site 3. A further 82 positive pools for WNV were
found cumulatively across all seven DOD sites. The combined total for WNV positive pools in
the District for the 2017 season was eighty-seven (87).
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Figure 30 Source: DC DOH, 2017 Total number of West Nile Virus (WNV) positive PCR panels from DOH & DOD.

DOH’s 2017 arbovirus data differed significantly when compared to 2016. Attributed to
several factors, these differences may be associated with variances in protocol as well as changes
made to certain variables including, but not limited to: trap-to-harvest protocol reduced from 48
to 24 hours; addition of the BG-Sentinel which targets Aedes species; and, the use of dry lures in
addition to hay/grass infusions for the gravid traps. Other differences may be attributed to the
extremely wet/mild summer in the region this year (see table 4). DOD surveillance near JBAB
revealed a larger number of mosquitoes and WNV-positive pools this season similar to 2016
results. Breeding site surveys by DOD on and near JBAB have suggested that the mosquitoes
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are coming from locations off-base. In 2017, 94% of the positive PCR panels for WNV were
from this source at JBAB. Mapping WNV hotspots continue to inform DOH’s surveillance
protocols regarding the potential for a Zika outbreak, and, because DOH has confirmed the
presence of the Zika vector, local transmission is possible.

Table 4 Source: DC DOH, Environmental Conditions Affecting Trapping Rates during 2017 Arbovirus Season.

Urban Planning Implications and Recommendations

The process of urbanization refers to increased movement and settling of people in urban
surroundings. However, the meaning of the word “urban” does not have a universal definition.
A wide variety of different interpretations can be found in various countries, and often they do
not share the same understanding. Different versions could be: living in the capital, economic
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activities in the region, population size, or even density. The lack of a universal definition makes
it hard to compare different countries and cities regarding public health and the burden and
impact of infectious diseases. Cities from around the world can also be very heterogeneous and
the local diseases and health challenges can greatly differ from city to city (Neiderud 2015, 1).
Bearing in mind the heterogeneity of different cities when looking at various case studies
regarding arbovirus surveillance, mitigation, and control worldwide, I considered those
differences when looking at the appropriateness of certain recommendations when it comes to
planning in WDC. Construction in the District of Columbia has been at historical highs in recent
years. Although there are laws and policies in place to ensure proper treatment of standing water
at construction sites and throughout the duration of the construction phases when standing water
is typically an issue, enforcing those laws and policies can be challenging, putting public health
at risk. Many development applications are approved without taking into consideration the direct
effects and public health implications of mosquitoes during and after development.
Developments in proximity to wetlands, particularly within the coastal zones, causes problems
for humans who come into contact with these biting insects in their natural habitats. Some
construction practices have created new mosquito breeding sites. Some newly proposed
solutions in DC, meant to solve one problem, may, in fact, be creating other problems (e.g. bioswales, green roofs etc.). Increased incidence of arbovirus diseases can be attributed to such
factors. To prevent this situation from worsening, it is, therefore, necessary to establish and
implement appropriate planning and mitigation measures (Diseases Control Services 2002).

Best practice planning to reduce mosquito impacts
• Use of risk mapping to determine when to apply planning
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• Referral of structure plans/subdivisions to Environmental Health Organizations
• Subdivision/structure plan conditions:


Notifications on title according to risk (e.g. within 1-2 miles of an estuary)



Storm-water systems drain within 96 hours



Artificial lakes comply with midge & mosquito risk assessment standards



Developer Mosquito Management Plans



Buffers/low-density housing near salt marshes



Seek developer contributions, insect screens for all windows and balcony doors
• Awareness of mosquito issues, and mosquito guidelines



DOH sign-off only after evaluation risk mapping from vector control reviews historical
infestation maps and makes recommendations
Further recommendations could come from the development of a crowdsourcing app that

displays real-time data regarding surge infestations of mosquitoes either driven by remote
sensing technology equipment and decision support systems (i.e. BG BioGents Counter). Armed
with real-time information and in-app recommendations, users in the District who are out
enjoying the many parks and various outdoor activities available to them in the city during peak
summer months, could change their route to avoid mosquito hot-spots or schedule a run, a bike,
or a picnic outing with kids at a time or place where mosquitoes are not swarming. This would
be modeled after a similar device being launched called FLOW and proposed by Romain
Lacombe, a smart personal air-quality tracker that displays real-time readings of ambient
pollution levels while also pouring data into the app (Kazmier 2017).
Other recommendations to suppress the mosquito population could be found in the
genetic modification of certain species of mosquitoes. In one such study, Aedes aegypti has been
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genetically modified to suppress its own species in an approach similar to the sterile insect
technique, thereby reducing the risk of disease. The National Technical Commission for
Biosecurity (CTNBio), the collegiate body responsible for approval and regulation of transgenic
organisms in Brazil, approved in May of 2014 the commercial release of the genetically
modified (GM) mosquito, OX513A, developed by Oxitec. It is the first GM insect to be
considered safe for commercial use in Brazil and the latest of a long series of biotechnology
approvals by CTNBio.
The Oxitec mosquito, which can be used to control the dengue mosquito, Aedes aegypti,
is a strain of the wild species that contains two additional genes. The Oxitec males (which cannot
bite) are released to seek out and mate with the wild females. Their offspring inherit the
additional genes and die before becoming functional adults. They also inherit a marker that is
visible under a special light, making monitoring in the field simple and helping ensure that
dengue mosquito control programs succeed. In several trials, successive releases of the Oxitec
males have been shown to reduce substantially the wild population of dengue mosquitoes in the
treated area. Field trials in the Cayman Islands, Brazil, and Panama have shown that the
OX513A mosquitoes reduced the target mosquito populations by more than 90% (H2O Venture
Partners 2014).
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Conclusion

This paper has shown that GIS concepts possess capabilities written narratives cannot
provide, they can inform more accurately, locations of risks, spatial relationships, and the
environmental and social issues associated with areas potentially harboring virus carrying
vectors. The research showed the importance of maps and location intelligence, helping to
illustrate the fact that this issue does not conform to traditional political and administrative
boundaries. Therefore, regional collaboration with partners in Maryland and Virginia who share
“invisible” borders, infrastructure, transportation, and testing facilities critical to the District’s
comprehensive arbovirus surveillance and mitigation plan is important to address this issue.
Strategic alliances involving the Department of Defense (DOD), as well as, public/private
partnerships with the National Gallery of Art, are the key components in the District’s
comprehensive mosquito surveillance and vector control activities. These strategies have shown
that DOH is positioned to react in a timely manner in the event of disease outbreak and are well
poised to protect the public from emerging vector-borne diseases. Furthermore, as of the writing
of this research document, through the diligence, insistence and education by DOH of sister
government agencies, both local and federal, and, through the numerous presentations regarding
how GIS empowers decision makers, epidemiologists and the public alike, the Federal
Government has finally agreed, after more than 15 years to collaborate with DC Health on
arbovirus surveillance in the District of Columbia. It has been no easy task, but it is clear that
the power of mapping is largely responsible for this turnabout in cross-agency collaboration.
Urban centers offer their residents greater possibility for health and social services.
Different factors, such as education, direct primary care services, and the governments’ capacity
for rapid response to upcoming health threats, can contribute to the opportunities in a city.

58
However, residents should be aware that they are increasingly exposed to emerging diseases in
densely populated cities, and climate change is exacerbating an already escalating issue in cities
worldwide. Campaigns to improve the public knowledge are used to fight the threat of these
infectious diseases and inform the public how to protect themselves. Residents need to be aware
of the symptoms of infectious diseases to gain enough knowledge when to seek health care and
when it is safe to treat themselves. Knowledge about food storage, waste management, vector
control, and sanitary facilities are all aspects that can lower the burden of communicable diseases
and these campaigns can sometimes be easier in the urban environment because of the density of
the population (Neiderud 2015, 5). Community outreach programs conducted by DC DOH have
been, and continue to be, successful in the education of District residents, and are a key
component in positive public health outcomes.
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