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The primary question asked by this research was “Can sociogtapimic
characteristics be considered risk factors for neurologicaasles due to West Nile
Virus?” Based on the results of this research, the answersisSgeio-demographic
characteristics identified as risk factors are relabegducational attainment, income, age
of housing and poverty. Socio-economic variables were useful in disctingrisetween
high moderate and low infection rates and showed modest capalolitiestimating
actual rates.

One of the most important findings of the research was the puldlith le#ficials
own ideas about the greatest obstacle to preventing the spread Wf ikVikheir
jurisdictions. General consensus is that more resources be waithbla to properly
combat this pathogen. More staff and funds to pay workers and provide Siopmmery
aspect of surveillance, prevention and control are deemed nec&szaiically, there is
a great need for personnel with specialized training. The sugpdrencouragement of

public health organizations is needed to attract individuals into acadiefds that will

prepare them for infectious disease epidemiology which is crucial to ttie fie



Local level response may have been dictated by resourcalalgilas opposed
to the perceived threat. Surprisingly, length of time in the cunpesttion was more
closely related to lower infection rates than length of suaraié. This suggests that
more experienced public health workers likely have some knowledgeparience
which was not made known through the survey. Policy implicationsestigigcreased
education for public health officials, especially encouragement of rexperienced

workers to share their knowledge and experiences with less experienced workers.
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Chapter 1: Introduction

In 1999, West Nile Virus (WNV) emerged as a threat to puld@alth in the
United States. From 1999 through the end of 2006, 23,975 human cases were reported
to the Centers for Disease Control (CDC) (Hayes 2004, USGS 20062001} (see
Table 1.1). Of the reported cases, 9,849 required hospitalization witha@tzatrring
in 962 of those hospitalized (Marfin 2002, USGS 2006, CDC 2007). In 1999, 62
cases were reported by 6 counties in one state (CDC 2001). &achinyce then, the
number of counties and states reporting positive human cases hasedcrBuring
2004 alone, 2,539 human cases were reported to the CDC by 505 counties t@s40 sta
and the District of Columbia (DC) (Marfin 2002, USGS 2006, CDC 2007 th{sf
number, 1,142 exhibited neurological disease with death occurring in 100sef the
cases (Marfin 2002, CDC 2007). With respect to these numbers this hatoan
epidemic which must be addressed before it becomes large and unrbénafeis
research questions whether public health officials have asserii@edecessary
resources to adequately deal with WNV.

West Nile Virus activity, first reported in New York, has guteacross the
United States and has now been reported from the 48 conterminegs tee spread
has been facilitated by the availability of a variety of compemosquito vectors.
Other factors that contribute to the spread are related to the-dsuographic
characteristics of the human populations. Dense population, aging hotsthg s
poverty and dependency ratio facilitate the spread in urban arealysignof the
geography of WNV infection in addition to more traditional epidecgmal

methods, will be useful in identifying areas at risk of WNV outbreaks.



Table 1.1Cumulative total of WNV disease report in humans from 1999-2006

Reported WNV Disease Cases in Humans,
United States 1999-2006

Year Total WNND WNF/other Deaths
1999 62 59 3 7
2000 21 19 2 2
2001 66 64 2 9
2002 4,156 2,946 1,210 284
2003 9,862 2,866 6,996 264
2004 2,539 1,142 1,397 100
2005 3,000 1,294 1,706 119
2006 4,269 1,459 2,810 177

Total 23,975 9,849 14,126 962
Source: CDC
The Problem

The first cases of WNV in the U.S. were reported in the nortQereens area
of New York City (CDC 1999). Although the means of entry into the U.S.nod
been determined, genetic studies of the virus itself reveath@adtrain in the 1999
New York City outbreak is similar to a strain isolated fromead goose in Israel in
1998 (Lanciotti et al. 1999, Jordan et al. 2000). Initially thoughtedSh Louis
Encephalitis (SLE), the disease agent was later confirmed N WBased on the
identification of virus in human, avian and mosquito samples (CDC 1999,dtlash
2001). A survey conducted to determine the prevalence of infection imotkigern

Queens section of New York City found that 19 of the 677 people tested hikpos



results for WNV (Mostashari et al. 2001). Based on the study sethdt author
estimated that 140 asymptomatic cases occurred for every diagoased of
meningoencephalitis. The 140:1 ratio was extrapolated to estitimat 8,200 WNV
infections occurred throughout the New York City metropolitan areal999
(Mostashari et al. 2001).

By 2001 neurological disease in humans had spread outward in allatigecti
from multiple nodes and human infections were detected as farawdstva and as
far south as Florida. Positive human cases became evident in néwnsdhrough
unknown means. For example, one positive human case was reported fiimmi@al
in 2002, with the highest concentration of human neurological diseas&ingcn
the midwestern and southern states that year. Of the 9,862 repseted during
2003, 7,265 (73.7%) occurred in the following five states: Colorado 2,947 (29.9%),
Nebraska 1,942 (19.7%), North Dakota 617 (6.3%), South Dakota 1,039 (10.5%) and
Texas 720 (7.3%) (CDC 2007).

Canada and Mexico have also reported WNV activity. During 2002, iHealt
Canada reported 340 confirmed human cases of WNV from 3 provincess&$ ca
resulted in death (Health Canada 2003). A year later, 466 confirmedhhtasas
were reported from 9 provinces, 10 cases resulted in death (Heal#adaC2004,
Health Canada 200} Twenty-five cases were reported from five provinces during
2004 (Health Canada 2005). The following year the number of cases jumped
substantially as five provinces reported a total of 127 casbs2nsases resulting in
deaths (Health Canada 2006). In Mexico, WNV activity was reporteldumans,

horses and mosquitoes (Blitvich et al. 2003, Mendez-Galvan 2004, Elizond@&uiro



et al. 2005). Documentation was obtained reporting 6 positive human cases in
northern Mexico in 2003 (PAHO 2003) and one positive human case in 2004
(Elizondo-Quiroga et al. 2005). One possible theory regarding thke ¢
documented cases of WNV in Mexico is the idea that the human populaére is
exposed to other flaviviruses of the same genus. This may resdiviloping
antibodies which may provide some protection against WNV infectiagieéDy
2005). In North America (excluding Mexico), WNV has resulted imesatgr number

of reported cases than previous outbreaks (Hayes 2001). There mayididesar
outside the scope of this dissertation which could account for therdparted
numbers in Mexico.

The increased occurrence in humans accounts for the number of cases
reported in the U.S. Only four states reported WNV activityd@)imosquitoes, and
other animals in addition to human cases) in 1999 (CDC 2007). From @@
2003, the number of counties and states reporting WNV activity irecteasarly. By
the end of 2003, 2,289 counties in 46 states and DC reported WNV a(Gug
2007). During 2004 1,499 counties in 47 states and DC reported WNWa(GnC
2007). Monitoring virus occurrence in birds and mosquitoes is useful in yegtif
areas where transmission cycles could occur (CDC 2003).

The WNV transmission cycle exists mainly between birds andgoitoes.
Infected mosquitoes are responsible for transmitting the vires whtaining a blood
meal (CDC 2005). Viral amplification occurs in infected birds, wiiteses and
humans are considered incidental hosts and do not create sufficieantanof the

virus to infect mosquitoes. Although human infections have been reporigdebet



late March and early December, occurrence in mosquitoes and bisdbelea
reported earlier in the year (CDC 2007). Several explanationspnavieled for the
early onset of WNV activity in mosquitoes. Such early occugehas been
associated with overwintering mosquitoes which hibernate during thervante
contribute to the maintenance of WNV during the winter season (Masti 2001).
Additionally in states with warm temperatures year round, sutiheaSulf States the

virus may circulate year-round with cases reported in all 12 months (CDC 2003).

Research on WNV has focused mainly on hosts, vectors (mosquitoes) and

their interaction with the environment. More research is needed agtiiBcance of
risk factors in the spread of WNV (CDC 2003). Further, explanatiegarding the
spatial distribution of risk factors for human infection are notlirgavailable. Yet
identifying risk factors is significant in mitigating the spd of WNV. Although it is
difficult to prevent the spread of the pathogen, one can reduce khefrizeing

infected by controlling the number of vectors. Vectors can be luiterolled once
risk factors are identified. Thus far, age (Hochberg et al. 2B8®mon et al. 2004),
flooded basements (Han et al. 1999, Hubalek 2000), proximity to migraaes of

infected birds (Hubalek 2000, Rappole et al. 2000) and weather condiiobalé¢k

et al. 2000, Shaman et al. 2002) have been identified as possible tusk.fdbe role
of socioeconomic status has not previously been identified as acaghifisk factor
in the incidence and spread of WNV. Thus, this research examingigifecance of
selected socio-demographic characteristics as risk fastoegplaining the spatial

incidence and distribution of WNV.



This research has the ultimate goal of reducing the number of htasas of
WNV by identifying socio-demographic characteristics whichyrbe considered risk
factors for infection. Identification of risk factors and thossaa at greatest risk of
an outbreak can provide the basis for application of arbovirus preventliocoatrol
measures. This is important to preventing further spread of Wid¥ask and

presenting a public health risk.

Statement of Research

This dissertation uses disease diffusion models to explain thredspir&VNV
throughout the northeastern United States. The models used are nadé dait this
particular disease. The retrospective study relies on multigasiatistical analysis to

predict risk factors associated with WNV infection.

Research Question 1

Can socio-demographic characteristics be identified and retatddiman

cases of WNV infection?

Research Question 2

Is there a particular type of county that is more frequeslociated with

cases of WNV?

Research Question 3

Is the response by public health officials at the county lepplopriate
relative to their perception of the threat posed by WNV in their jurisdi@ions
Research related to WNV has focused on the host/vector/environment

interactions, with little attention to human factors. This rese@srsignificant because



it identifies risk factors related to population, education, econoreitbging and
housing characteristics which facilitate the spread of WNV. dhesults can be
useful to local level public health officials in identifying aseat risk for WNV

outbreaks.

Study Area

This research focuses on 14 states in the northeast and norél thmted
States (Figure 1.1). These states include Connecticut, lllinodiaria, Maine,
Massachusetts, Michigan, New Hampshire, New Jersey, New York, Ohio,
Pennsylvania, Rhode Island, Vermont and Wisconsin. The 654 counties in these
states were chosen because of the following reasons: (1) numbestropolitan
areas; (2) variation in the selected socio-demographic vesidlyl county; (3) similar
environmental conditions relative to weather and climateCidex pipiensis the
most common mosquito vector for these counties; and (5) variation in Mfisistion
rates by county. The diffusion of WNV in these states provided #sés of my

analysis of the study area.

Study Approach

This dissertation uses maps as diffusion models to provide an undergtand
of the geographic diffusion of WNV within the study area from 1996utin 2005
and explain the degree to which WNV occurrence changed at the deuekyThe
use of maps as diffusion models has origins in Hagerstrand’s adetee diffusion
process (Haggett 2000). Disease maps can be both descriptive andver€yliatid

have been used by CIliff and Haggett, Gould and Pyle in previous didedsss s



(Cliff and Haggett 1986, Gould 1993, Pyle 1979, Haggett 2000, Meade and Earickson

2000).

Study Area

Ao 50 100
T —

—

Figure 1.1 Map of the study area for this research, detailBfs counties within the 14 state study
area

Second, the role of socio-demographic characteristics in tliesioii of
WNV will also be determined. Those characteristics whichaacbarriers to the
spread or facilitate the spread will be discussed.

Third, there will be a comparison of the degree to which theaecrelation
between public health official’'s perception of WNV as a healtheissnd their view
as to whether resources are appropriate to their perception &f ®gNa health
problem. The hypotheses which provide the basis for the reseachiasiation of

risk factors by location, specific risk factors can be idemtifigat relate to cases of



WNYV, socio-demographic characteristics can be used to produ@ssfichtion of
counties, public health officials respond to WNV based on their pepcepfi the
threat posed by WNV and the socio-demographic characteristidhe survey

respondents influences their perception of the risk presented by WNV.

Organization of Dissertation

To help understand the diffusion of WNV Chapter 2 provides an overview of
the spread of WNV along with a summary of the current knowledge et \Nile
Virus and associated risk factors. It includes a review ofiti@ture on geographic
theory in relation to disease diffusion and spatial analysissefade patterns, studies
of a similar disease and risk factors.

Chapter 3 presents a discussion of the data produced, the study methodology
and the use of statistical analysis to answer the researciogeesYithin this chapter
is a discussion of the study area selection. This resedeh da innovative approach
to the study of WNV by attempting to link socio-demographic atarsstics to the
prevalence of WNV related disease. As a recently emediggdse, it is important to
learn as much as possible about WNV in order to prevent futureydeaitiireaks.
Understanding the spread of WNV will be accomplished by the udes@iminant
analysis, factor analysis and regression analysis to analyzie-demographic
characteristics as risk factors for neurological disedsesq statistical analyses were
performed to organize the data at the county-level and gain a etterstanding of
the diffusion of WNV.

Chapter 4 contains historical and contemporary geographic pevgseoti

WNYV and describes the diffusion of WNV throughout the U.S. Informaggarding



positive infection in birds, horses, humans and mosquitoes, is included. Geographi
theory and theories on disease diffusion from the literatureowidipplied to provide
explanations for the observed patterns of diffusion associated WNN W the
United States. Knowledge of previous and current patterns of the oiffo§iWNV

may be useful in determining future patterns allowing publidtimeafficials to
minimize future impacts of the disease.

Chapter 5 is a discussion of a survey mailed to all 88 countl/{euwic
health officials in the state of Ohio and the survey resultacliides a discussion of
public health officials and their views on WNV as expressedhby tesponses to the
survey. Furthermore, trends between perspectives on WNV and the number of
reported cases of human disease will be discussed. Understandingittimhpalth
officials perceive the threat of the disease may be retatéww aggressively they
respond to the virus.

Chapter 6 contains a summary and interpretation of the findings. Cionslus
and policy perspectives will be discussed in this chapter. Aldoded will be
suggestions for further risk factor studies. The results of ##sarch may offer

useful suggestions for public policy and future public health directions.
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Chapter 2: Literature Review

Introduction

This chapter begins with a review of medical geography, itsrupeevious
research and its relevance to this research on West Nius.V@&eographic theory on
disease diffusion provides the foundation for this research as asnteahelp
understand the spread of WNV throughout the study area. By gainingteat be
understanding of the mechanisms which facilitated diffusion, it lval possible to
reduce the future impacts of WNV including, prevention of the losgeofilie to the
spread of the disease. A discussion of WNV describes its epidgyidllnesses
associated with the virus and modes of transmission. St. Louis Entisplibich is
genetically similar, is discussed to provide a basis for comrlssiegarding the
diffusion of WNV. Known risk factors for infection to be discussetl wclude: age
of patients, poverty of individuals, WNV occurrence in birds and mosquitogs a
weather conditions as they relate to diffusion. Selected sociogtaphic

characteristics of importance to this research will also be discussed.

Medical Geography

Medical geography is the study of disease ecology and focoses
relationships between the natural environment and contagious diseése 4P9).
The discipline has a rich history as a basis for this reseblippocrates was the first
scientist to associate environmental factors with health id®0sBCE treatiseOn
Airs, Waters, and Placewhere he suggested a link between the humors (internal

body fluids) and external forces influencing humoral balance ef\talis 2000).

11



Thomas Sydenham’s f7century medical investigations continued the Greek
tradition of studying the relationship between humans and their envimbnme
(Valencius 2000). During a period of intense settlement by EuropmahdNorth
Americans, medical geography provided a basis for understandices@ad people
(Harrison 2000). Allegiance to Hippocratic thought was part of the clearaf early
American medicine. Early 19 century physicians and researchers produced
topographies that described illnesses that befell new seitlgise hinterlands of
North America (Harrison 2000).

After WWII geographers focused more attention on perfectiogniques in
mapping disease and health problems, using cartography to displigttimition of
factors related to health (Pyle 1979). Physicians were thg eantributors to the
field of medical geography; post WWII, geographers contribupadiad analysis to
disease ecology and health care delivery (Valencius 2000). Geogramtyence is
increasingly evident as disease ecology has become moamtreln elaborate
techniques of measurement, quantification and visualization, espetialygh the
use of Geographic Information Systems (GIS). These new teclsnignel
technologies allow for timely analysis of spatial data.

During the latter half of the twentieth century the evolution afdital
Geography in the United States was influenced by Britisendfr and German
Scholars (Pyle 1983). Jacques May, a French medical geograpbensidered the
“father” of American medical geography. In 1950, at the requiesheo American
Geographical society, May developed an atlas of disease (Mmati€Earickson

2000). May’s 1951 article published in t=ographicalReviewset the agenda for
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the field suggesting the study of relationships between healtheavidonments
(Valencius 2000). Current work in the area of disease ecology evalwadMay’s
early influence as patterns of disease distribution are idtaid the study of disease
ecology. Increasingly, scientific knowledge and methods from otkeiptines have
been adopted in addition to further progress geography (Pyle 1983; Medde
Earickson 2000). As a result, scholars have come to see humaneamafand
being affected by their environment both personally and collectindigalth-related
ways (Meade and Earickson 2000, McGlashan and Blunden 1983).

New ideas, techniques and technology helped to advance the discipline of
medical geography. The argument for more emphasis on understandtung and
behavior relative to persistent disease came from Armstroylg (®83). In 1963
Howe’s national atlas of disease mortality was innovative $anse of statistical data
and demographics to produce maps of mortality for numerous causes lofirdeat
Britain (Howe and Phillips 1983). Also in the 1960s, Murray applied Hewe’
techniques to mortality rates in the United States (Pyle 1983)ayluHowe and
Armstrong contributed improvements to disease mapping. Computerization of
cartographic and printing methods became more widespread during the 1970s. During
this time the United States government released nationalrcatt@ees produced by
these new methods (Pyle 1983). By the 1980s medical geographersepetifesr
disease mapping skills and introduced new techniques after the intoodudti
microcomputers (Pyle 1983). Geographic Information Systems (l8)nues to be
one of the most innovative technologies available to scholars. &bidlogy

combines the use of computers, database, analysis and mapping.
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Disease Diffusion

Migration is the most usual explanation of how disease agentsher ot
phenomenon come to be found in a particular location (Meade and Bari2860).
Understanding the mechanisms that influence the spread of a phemoareh its
spatial pattern are crucial to the geographic study of diffudieade and Earickson
2000). Diffusion is defined as the spread of a phenomenon from one plaw#hera
(Haggett 2000, Meade and Earickson 2000). Early work by Torsteersteand
remains the basis of current studies in diffusion (Pyle 1979, Ha@f€0).
Hagerstrand described a four-stage model for the passage ofadiffusives, by
which an idea or phenomena such as disease spreads from one aghdp (Ryle
1979, Haggett 2000). Many researchers suggest that this model of ierpans
diffusion explains the spread of a disease such as WNV, wheareves to a new
place while still remaining in the original location (Haggett 2000e R979, Meade

and Earickson 2000).

Adaptations to Hagerstrand’s ideas on innovation waves have dllowe
scholars to further knowledge of how diseases spread (Pyle 1979, H200@}t
Ideas on barriers and urban hierarchy coupled with increasingutmg power have
led to the use of better geographic models in the study of diddasson (Haggett
2000). One of the early epidemic diseases to be modeled wassiebasles has
been used for epidemic modeling, due to the simplicity of its rresson, as it is
spread through direct contact (Haggett 2000). A distinctive wavelikavim is
associated with the diffusion of measles with cycles that based on the size of the

population under study (Bjornstad et al. 2002). Measles was alsbfodestudy
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because it is easily recognized and misdiagnosis is raggétta?000). As a highly
contagious disease agent, measles is associated with high rates and epidemic
events that are easily identified (Haggett 2000). Measle®lmlty distributed with
spatial variation in temporal patterns. To prevent furtherndeaiesults of measles
studies were aimed at aiding the eradication of the disease worldwides(H2@(0).

The Hamer-Soper model is a simple mass-action model that hasidee to
describe the wave-generating mechanism associated with mé€Hsiggett 2000).
People with no immunity are “susceptibles” those with the disagséinfectives.”
In contrast, “recovereds” are individuals who have gained immunity resudt of
surviving the disease (Haggett 2000, Cliff et al. 1986). As susceptahl infectives
interact, the number of infectives increases and the number ofvefed reduced by
recovery or death (Haggett 2000). While this model is useful for pireglithe timing
of recurrences, it is less accurate in predicting the sinuithireaks (Haggett 2000).
This type of model is appropriate for studying non-vectored diseadd/NV is
vectored, requiring the mosquito as intermediate host, unlike medsigsis spread
by direct contact.

In addition to modeling measles, researchers have used epidemilngnade
the study of influenza epidemics. Mapping influenza cases allowedt®ydentify
different patterns of spatial diffusion for influenza (1979). Diseaspping is
important in displaying areas at risk of disease epidemics dgardifying varying
diffusion patterns (Pyle 1979). Mapping the spatial distribution of siiseases can
provide clues to the environmental factors which influence diseadesidii.

Mapping the distribution of disease cases has been useful in fargcdsease
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incidence when combined with epidemic modeling. The expanding spatige of
West Nile Virus provides an opportunity to study the factorseelat the change in
patterns associated with the disease. The model used for #asclesis similar to
other models insofar as it will be used to determine areaskatWhat makes the
model unique is the use of socio-demographic characteristics as risk.factors
Geographic theory on disease diffusion and spatial analysiseaiséipatterns
is important to this research as they provide the foundation for .sidglical
geography has three distinct areas of focus: location, ecologiatbnships, and the
unique character of particular places (Haggett 2000). | begirstyidentifying the
location of cases of neurological disease from WNV, followed ymixing the
socio-demographic characteristics of counties with and withoesaasneurological
disease from WNV. Knowledge of similar diseases may leeast to furthering the
study of WNV. Similar diseases that spread in the same mamieby the same
agent may provide clues on how to stop the spread. | then look for unique
characteristics of the locations where WNV appears. | repofirtiegs and discuss
the socio-demographic characteristics or combination of chasiicierthe data

suggests promotes the spread of WNV within the study area.

West Nile Virus

WNV is an arbovirus, “an infectious agent transmitted by an arthropciy
in which they have the ability to multiply” (Fiennes 1978). WNVmsintained in
cycles involving birds and mosquitoes (McLean et al. 2001, Jupp 2001). Mosquitoes
that feed on both birds and humans maintain the cycle of transmission when obtaining

a bloodmeal. Birds are considered the natural hosts of WNV but ansbwaiie also
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been found in other vertebrate species, including: horses, sheep, pgfjedogs,
cats, bats, a chipmunk, a skunk and a domestic rabbit (Fiennes 1978). uEheanir
live and multiply in mosquitoes and can pass to the next generatiarspvarian

infection (Jordan et al. 2000).

Epidemiology

WNV was first isolated from a febrile patient in Ugandal®B7 during a
study of immunity to yellow fever (Smithburn et al. 1940). Untilinstfappeared in
the Western Hemisphere in 1999, WNV had been found mainly in AfricAlitiie
East, the former Soviet Union, India and parts of Europe (Monath and He9&).
Human infections were common in the Nile Delta during the 1950s, ann@pidé
mild cases occurred in South Africa in 1974 during which 55% of the populztion
central and Northern Cape Province were infected (Monath and He9®). In Asia,
infections are common and infection occurs at a very high rate in many areash(Mona
and Heinz 1996). From 1996-1999, WNV caused large epidemics in Southern
Romania (1996), in the Volgograd region of Russia (1999), and in the ast¢he
United States (1999) (Hayes 2001). These epidemics occurred in dpapalated
urban areas as well as nearby suburban/rural areas anchesdirsttreported in large
cities (Hayes 2001). The virus continues to be a public health comcéme United
States (CDC 2009). When the virus first appears in a new arese \thre disease is
uncommon, diagnosis can be complicated by the fact that many ofrtipdosns are
similar to other illnesses such as flu, or another arbovirus (Maared Heinz 1996;

CDC 2003).
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lliness Associated with WNV

Human infection by the virus does not always result in symptomifess;
most infected people have no clinical symptoms. When symptoms dotbey can
range from mild flu-like symptoms to more serious forms lfegs (Monath and
Heinz 1996). Fever, headache, backache, loss of appetite and gedenaistte pain
are the most common symptoms of a mild case (West Nile)faret may be
accompanied by a rash. The illness usually lasts 3 to 6 dal®yddl by rapid
recovery (Monath and Heinz 1996). Diagnosis is made by blood testsetteal

presence of the virus (Monath and Heinz 1996).

There are three categories of severe neurologic illnessiass] with WNV:
meningitis, encephalitis and meningoencephalitis (Sejvar 2003). Figstingitis
(swelling of the membranes covering the brain and spinal cordta@MWNYV is
accompanied by fever, can occasionally be isolated from cerebroipidaSecond,
encephalitis (inflammation of brain tissue) due to WNV is aqumed by altered
mental status (Sejvar 2003). Meningoencephalitis refers to imfiion of both the
brain and the membranes covering the brain and spinal cord. These evere s
neurological forms most commonly occur in elderly patients andesyit in long-
term illness and even death (Sejvar 2003). Occasionally, acutalflzaralysis and a
polio-like illness have also been identified (Sejvar 2003). Supportiecisgrovided
for the symptoms of WNV infection, as there is no cure or spet#@tment for
WNV (Monath and Heinz 1996). Recent outbreaks in Europe and the Unitess Sta

have resulted in more human cases of severe neurologicaledmadsnore deaths

18



than all previously known outbreaks of WNV (Hayes 2001). This increasaldnce

is a major cause of concern for public health officials.

Modes of Transmission

Mosquito bites are the most common mode of transmission of the wirus t
human populations (Chamberlain and Sudia 1961, Roehrig and Peterson 2004).
Mosquitoes become infected after feeding on a viremic bird andntiithe virus in
their saliva when obtaining a blood meal. Whereas WNV is a @saabkirds with
mammals as terminal hosts, amplification at levels sigmfido infect mosquitoes
does not occur (Dodd and Leiby 2004). Other modes of transmission such as
transplacental infection have been identified (CDC 2p0gCDC 2002), but
transmission by mosquitoes remains the most significant causheodisease

(Roehrig and Peterson 2004).

Two cases of laboratory acquired infection have been reported (CD®,2002
CDC 2002). Both cases occurred while working with infected specimens (CDC
2002, CDC 2002). At least one case of infection in a newborn has been assbciate
with transplacental infection. Cerebral abnormalities in the infant leastiog blood
samples which tested positive for the virus (CDC ZDOZA possible link to
breastfeeding was also documented in at least one case irgaichi 2002 (CDC
2002). The virus has also been transmitted by transplantation of orgamsah
infected donor. Four cases of WNV infection have been attributedyém aonation.
Four organs transplanted from a single organ donor resulted in WH&tior in the
organ recipients (CDC 2062Iwamoto et al. 2003). The source of infection in the

organ donor was traced to blood transfusions (lwamoto et al. 2003).
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To reduce the risk of infection by transfusion, blood collection agenci
implemented new testing procedures in 2003 by screening all donabiohgNV
(CDC 2004). Testing of 6 million units from June-December of that yesulted in
the removal of 818 units from the blood supply (CDC 2004). As a reseith@nced
testing of donated blood only 6 cases of confirmed or probable casassitision-

associated transmission of WNV were reported during 2003 (CDC 2004).

St. Louis Encephalitis

Another flavivirus found in the United States is St. Louis EncejghéBLE).
SLE is also an arbovirus spread by mosquitoes and was first idérgd a threat to
humans in 1933 after an outbreak in St. Louis, Missouri (Chamberlain 1980).
Retrospective studies of similar outbreaks in other locations enoetbgic testing of
residents identified the prevalence of SLE in Paris, lllinois aontedo, Ohio
(Chamberlain 1980). Serologic testing of humans and domestic animateg and
fowl) along with studies of the environment provided clues that mosgugtce the
likely vector for transmission of the virus (Chamberlain 1980). Fr@861to 1976
SLE was responsible for approximately 71% of vector-borne encepltalses in the
U. S. (Monath 1980). Living in a low-income household has been identified as one
of the social characteristics that increase the risk of @otimg SLE and dengue
(Monath 198@, Reiter et al. 2003). SLE, dengue and WNV are all flavivirusels a

may have similar risk factors.
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Risk Factors

It has been suggested that the study of risk factors identifiesmstances
favorable for development of an epidemic and possibly to identifyrostances
where an epidemic will not develop (Monath 1980, Reeves 1980). Pladskof r
begins at home where people spend most of their time, so it is appedpriexplore
risk factors associated with the home environment.

Buildings in low income neighborhoods may suffer from inadequate
maintenance which can result in problems that increase the oppottuniyne into
contact with competent vectors in and around the home (Han et al.M688¢e and
Earickson 2000). Meade and Earickson (2000) suggest that “Many diseaseto
occur consistently more often among the poor than among the affltengkample,
environmental factors such as water quality, sanitation, overcrowpatgy housing
and rubbish accumulation contribute to the disproportionate occurrencseafsdli

among the poor (Harpham et al. 1988).

Areas of both low and high SES have been associated with a higher number of

cases of SLE due to different factors. Impoverished areas experiencednigtimrs

of cases of SLE during several outbreaks (Monath 1980). Environmewtars
determined the level of SLE transmission in localized geograguieias of affected
cities. Exposure to the vector was higher in an area of substahdasihg in
Greenville, Mississippi in 1975 compared to the non-blighted aredse afame city
(Monath 1980). In addition, incidence of SLE in West Central Memphis, (an area of
lower-than-average socioeconomic status (SES)) was signlficaigher than the

rest of Memphis-Shelby County in 1975. Nonetheless, increased veothrcpon
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has been associated with inadequate outdoor sanitation in impoverishedwarsg
many outbreaks of SLE (Monath 1980 Housing characteristics such as open
foundations, absence of or inadequate screening and absence of air coigdiend
believed to increase the risk of SLE disease in Houston and DB#aas, and in
McLeansboro, lllinois (Monath 198)p. However, in Houston in 1964, a greater
number of cases of SLE were found in more affluent census &sai®ll. Limited
indoor exposure to the vector was reported in more affluent arease Wilgh
incidence of SLE was associated with higher SES in Corpus iChiesias in 1966,
New Jersey in 1964 and Tampa Bay, Florida (Monath B080dividuals in more
affluent areas are more likely to be involved in outdoor activitieEtwincrease the
risk of contact with the mosquito vector. In sum, past research hagfietea clear
association between the environmental conditions in which people live skndfri
infection by SLE. In light of these studies, further study of fakors is needed to

determine if the same is true for WNV.

Age

In the 1950s, Taylor et al. (1956) conducted an intensi