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Abstract
Indigent and minority populations are often at higher risk of infectious diseases than other demographic groups. These communities may be at particular risk in 
urban areas. Environmental and demographic factors were analyzed in the city of Savannah, in Chatham County Georgia, USA, to determine if poor and minority 
communities were at higher risk of West Nile virus. During an approximately 10 year period, the area at risk of West Nile virus grew by 400% in Chatham County. 
Elderly citizens and female citizens were more likely to be diagnosed with West Nile virus. Those living in minority and indigent communities were 4.5 and 5.5 times 
more likely to be at risk of West Nile virus than predominantly white and wealth communities. Citizens who lived in white and wealthy neighborhoods were 19 
times more likely to contact and receive services from the Chatham County Mosquito Control Department. It is recommended that evidence public health practices 
be adopted and new technologies incorporated into the vector management plan of the Chatham Mosquito Control Department. In addition, coordination with 
other county departments should focus on alleviating infrastructure and other factors contributing to the elevated risk of vector-borne diseases in minority and poor 
communities.
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Introduction
The primary social determinants of several diseases are poverty 

and race/ethnicity [1]. Vector-borne diseases are often associated 
with poverty and ethnicity, including West Nile virus (WNV). West 
Nile virus was first detected in North America during 1999 [2], and 
soon after, the hypotheses was postulated that urban areas would be at 
particularly high risk of WNV [3]. Lower income residents in Baltimore 
were at higher risk of exposure to a principal vector of WNV, Culex 
pipiens [4]. West Nile virus was first detected in Chatham County in 
2002 [5]. In 2003, the Chatham County Mosquito Control Department 
(CCMC) conducted a review of WNV control in the county, mapping 
mosquitoes, collecting dead birds, and using sentinel chickens; a high 
risk area of WNV was identified in the urban area of Savannah where 
78% of human cases occurred [6]. In 2013, the Centers for Disease 
Control and Prevention [7] stated, “CDC and its partners work to 
identify and address the factors that lead to health disparities among 
racial, ethnic, geographic, socioeconomic, and other groups so that 
barriers to health equity can be removed. The first step in this process 
is to shine a bright light on the problems to be solved.” However, 
environmental and demographic data were not sufficiently investigated 
to determine what factors contribute to the distribution of WNV in 
Chatham County, Georgia, USA. The following manuscript describes 
much of the effort to update what is known of the current risk of WNV.

Methods
Spatial and statistical analyses of mosquito surveillance, 

environmental data, human demographic and WNV human cases 
from a 16 year span (2000 through 2015) were conducted for the 
city of Savannah and Chatham County, Georgia, USA. Human cases 
of WNV were provided by the Georgia Public Health Department. 
Demographic data from the U.S. Census Bureau [8] was used for 
analyzing socioeconomic variables (www.census.gov). Statistica, 
ArcGIS, and the Bioagent Transport and Environmental Modeling 

System (BioTEMS) were used to analyze the data. Output from 
BioTEMS and ArcGIS were uploaded into Google Earth. Mosquito trap 
data, dead bird and chicken sentinel data were provided by CCMC. 
Data from the following variables were tested; phone calls per 1,000 
people, adult mosquito numbers, historical traps per area, current 
traps per area, traps per 1,000 people, trap nights, race, population 
density per 1,000, median family income, indigent family of five, 
location, percent wetland, percent marsh, vegetation, water sources, 
and prevalence of WNV in the human population. Passive Surveillance 
was based upon the number of complaint calls from citizens. Active 
surveillance is defined as the direct collection of vector/pathogen data 
by the organization entering the environment or initiating contact with 
citizens; e.g. trapping, use of sentinel chickens. Passive surveillance is 
defined as the collection of data through citizens initiating contact with 
the organization, e.g. recording incoming calls and emails.

Results and discussion
There were 23 cases of WNV reported in Chatham County between 

2003 and 2014. An examination of demographics and zone where 
WNV occurred in Chatham County reveals a number of patterns 
(Figure 1). Those living in minority areas were 4.5 times more likely 
to live in a high risk area of WNV than in white neighborhoods. Those 
living in low-income neighborhoods were 5.5 times more likely to live 
in a high risk area of WNV. Females were 1.9 times more likely to be 
diagnosed with WNV. The mean age of WNV cases was 55.1 yrs. There 
was a significantly higher risk of WNV in those 40 yrs and older than 
those under 40 (Chi sq = 19.6, p<0.05). Senior citizens were at higher 
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risk of WNV when compared to the rest of the population in Chatham 
County (Chi-square = 17.1, p<0.05). Blacks were half as likely to be 
diagnosed with WNV. The one death recorded was a black female age 
83. Whether blacks are less likely to receive medical care than those in 
the white population due to insufficient access to medical care may be 
a factor in under reporting of minority cases of WNV. 

An important question to ask in community mosquito control is 
whether passive and active mosquito surveillance methods are balanced 
among geographic and demographic populations in Chatham County 
and whether the prevalence of WNV is a driver of both passive and 
negative surveillance. The number of calls from an area was positively 
associated with median income, the percent of whites in an area and 
the percent of wetlands and marsh (p<0.05). In addition to biological 
and environmental effects, local mosquito control practices, policies, 
geographic-based economics, and cultural factors can shape the spread 
of mosquito-borne diseases [9]. The number of calls from an area was 
negatively associated with the number of trap sites in an area and the 
percent of blacks or Pacific Islanders/Polynesians in the area (p<0.05). 
In addition to biological and environmental effects, local mosquito 
control practices, policies, geographic-based economics, and cultural 
factors can shape the spread of mosquito-borne diseases [9]. A person 
living within a white and wealthy neighborhood was 19 times more 
likely to call and receive a response from CCMC. Priority areas for 
educating home owners to call to inform and to receive Chatham 
County Mosquito Control Department services have been identified 
(Figure 2). An increased effort by CCMC is required to inform 
disadvantaged communities of services in order to reduce their risk not 
only to WNV but also to Zika virus should it enter the city of Savannah 
and Chatham County. 

LaDeau et al. [4] determined that lower income Baltimore residents 
were at high risk of exposure to the vector of WNV; there was also a 
mismatch among residents who reported nuisance mosquitoes and risk 
index. An evaluation of active surveillance effort using the number of 
trap sites in an area was positively correlated with whether a family 
of five was indigent, the percent of blacks in an area, the prevalence 
of WNV in the population, the prevalence of WNV in blacks and 
the number of trap nights in an area. The number of trap sites per 
population was positively associated with the number of calls per 
population and negatively associated with prevalence of WNV in blacks 
and the number of trap nights. The number of trap nights in an area was 
positively correlated with the prevalence of WNV, prevalence of WNV 

in blacks, the population density and negatively correlated with income 
and percent wetland. There was not a significant difference between the 
number of trap nights in the population based upon median income, 
race, or whether a family of was indigent. The prevalence of WNV was 
positively correlated with the number of indigent families in an area, 
the percentage of blacks in an area, the population density, the number 
of trap sites in an area and the number of trap nights in an area. The 
prevalence of WNV was negatively correlated with the median income, 
the percent of whites in an area, and the percent of wetland in an area. 
The number of active trap sites was significantly higher in areas where 
the percentage of whites was higher than in areas where blacks made up 
a higher percentage of the population (Chi-square df=1, 19.5, p<0.04).

The area described by CCMC as the “Hot Zone” for cases WNV 
humans has increased by 400% during 2003 to 2016 (Figure 3). The 
number of active trap sites per WNV zones was below the mean in non-
WNV zones p ≤ 0.05.

Organizations that employ large numbers of professionals will 
not perform well if they become overly bureaucratic because they are 
bureaucratized and hierarchical they are less flexible, less amenable to 
change and less likely to empower staff [10]. Although experience is 
necessary, the use of evidence based methodology is critical in making 
effective vector control decisions. Since 2002, CCMC has conducted 
several modifications of the WNV program, including using gravid 
traps for surveillance, conducting molecular testing of mosquitoes, 
applying Naled pesticide for adult control, and larviciding catch basins. 
Despite these efforts the area at risk of WNV has grown significantly. 
CCMC should implement evidence based planning and coordinate 
with other Chatham County departments to reduce the expansion and 
risk of vector-borne diseases in the city of Savannah and the county. 
Some examples follow. The use of sentinel chickens was terminated 
in 2003 as it was determined that this method was not found to 
be adequate for prediction time [6]. However since that time, new 
methods and the information gathered by using sentinel chickens have 
been developed (http://westnile.ca.gov). At the present time, mosquito 
testing for WNV is the only method being used by CCMC to identify 
areas where humans are at risk from WNV, however Lewandowski 
and Moulis [6] stated, “infected mosquitoes may indicate an increased 
risk of human infection, but cannot be relied on to predict the timing 
of human cases.” Additionally, despite the fact that wild birds are the 
principal hosts for WNV, no testing of live birds is being conducted 
by CCMC. Immunological and testing of song birds can be used to 
assist in the prediction of WNV in human populations, therefore 

Figure 1. Areas where highest proportion of African-American, Caucasian and Indigent populations are at risk from West Nile virus based on the Bioagent Transport and Environmental 
Modeling System. 
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it is recommended that this methodology be adopted by CCMC to 
provide information on WNV risk, particularly in poor and minority 
neighborhoods. Another medically important mosquito species is 
Aedes albopictus. In Baltimore, Washington DC and New Jersey, 
poverty was associated with the presence of this Ae. albopictus [4,11]. 
Air and maritime port areas in Chatham County have been identified 
as high risk areas for import of mosquito species infected with Zika 
virus [12]. In a follow up manuscript, the risk of Zika virus and 
preventive measures in poor and minority neighborhoods in Chatham 
County will be discussed. Additional efforts should be taken by CCMC 
and public health officials to increase active and passive surveillance 
in disadvantaged communities in Chatham County, Georgia, USA. 
In addition to increasing surveillance in indigent and minority 
neighborhoods other steps should be taken to protect these susceptible 
citizens from mosquito-borne diseases. The use of new technologies 
should be tested, such as using non-toxic bait stations to reduce the 
abundance of Cu. quinquefasciatus. Identifying environmental factors 
that can be modified to reduce risk in collaboration with public works 
and engineering departments should be initiated. Because of the 
disparity of phone call services and internet access, educating 
families on the threat of mosquito-borne diseases by actively going 
into neighborhoods door to door and through direct calls should 
be conducted. 

Figure 2. Priority areas for educating home owners to call to inform and to receive Chatham County Mosquito Control Department they require information and to inform the department 
they have a mosquito problem.

Figure 3. The area of concern for West Nile virus has expanded by > 400% from original 
hot spot (green outline) to new hot spot (blue outline). Red color indicates high risk areas, 
yellow indicates moderate risk of West Nile virus (based on human cases).
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