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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 relabegdducational attainment, income, age
of housing and poverty. Socio-economic variables were useful in disctimgretween
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&saaiically, 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 ltie fie



Local level response may have been dictated by resourcalalgilas opposed
to the perceived threat. Surprisingly, length of time in the cumpesition was more
closely related to lower infection rates than length of suaraieé. This suggests that
more experienced public health workers likely have some knowledgxparience
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 20062007} (see
Table 1.1). Of the reported cases, 9,849 required hospitalization witha@tzaftrring
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 unrbémafeis
research questions whether public health officials have assertfidedecessary
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-dsmuographic
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 epideagmal

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



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

Reported WNV Disease Casesin Humans,
United States 1999-2006

Y ear 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 Based on the
identification of virus in human, avian and mosquito samples (CDC 1999,d\lash
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 faragdstva and as
far south as Florida. Positive human cases became evident in néwnsdhrough
unknown means. For example, one positive human case was reported frimmi@al
in 2002, with the highest concentration of human neurological diseasaingcdn
the midwestern and southern states that year. Of the 9,862 regseted 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 ¢d
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 infectiagiefDy
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 irectgasarly. 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 iegtif
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 explanationspnaveled 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, sutieaSulf 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 amgtiiBcance 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 lutterolled once
risk factors are identified. Thus far, age (Hochberg et al. 268®mon et al. 2004),
flooded basements (Han et al. 1999, Hubalek 2000), proximity to migraes 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.fabe role
of socioeconomic status has not previously been identified as aaghifisk factor
in the incidence and spread of WNV. Thus, this research examingigifecance of
selected socio-demographic characteristics as risk factoegplaining 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 preventiocoatrol
measures. This is important to preventing further spread of WiN¥ask and

presenting a public health risk.

Statement of Research

This dissertation uses disease diffusion models to explain thedspir&VNV
throughout the northeastern United States. The models used are nadsé 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 resesrsignificant because



it identifies risk factors related to population, education, economeitbging 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, lllinotiaria, 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) numbeatropolitan
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€iliatid

have been used by CIiff 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 tliesidii 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 ¥¢Na health
problem. The hypotheses which provide the basis for the resea:chiaaiation of

risk factors by location, specific risk factors can be idemtifiegat 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 characteristiadhe 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 est \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 disedsesd 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

WNV 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 Wi the
United States. Knowledge of previous and current patterns of the oliffto§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 countlyewic
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. Understandingithimhpalth
officials perceive the threat of the disease may be retatémw 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 #ssarch 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 Nis.V@&eographic theory on
disease diffusion provides the foundation for this research as asnteahelp
understand the spread of WNV throughout the study area. By gainingtest be
understanding of the mechanisms which facilitated diffusion, it lvél 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 comrissiegarding the
diffusion of WNV. Known risk factors for infection to be discussell 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 relseblippocrates was the first
scientist to associate environmental factors with health id®OsBCE treatiseOn
Airs, Waters, and Placewhere he suggested a link between the humors (internal

body fluids) and external forces influencing humoral balanceef\¢ais 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 seitlgtse hinterlands of
North America (Harrison 2000).

After WWII geographers focused more attention on perfectiogniques in
mapping disease and health problems, using cartography to displéigttimition 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). Geogragtyence 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 (Mamati€Earickson

2000). May’s 1951 article published in tographicalReviewset the agenda for

12



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 ianuoit 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 humanedma@fand
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 geographersepetifesir
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 Bari2880).
Understanding the mechanisms that influence the spread of a phemoareh its
spatial pattern are crucial to the geographic study of diffuditeade 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@€0).
Hagerstrand described a four-stage model for the passage ofdadiffusives, 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, whereves 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 riresson, as it is
spread through direct contact (Haggett 2000). A distinctive wavelikavi 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 alsbfolestudy
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because it is easily recognized and misdiagnosis is raggétta?000). As a highly
contagious disease agent, measles is associated with hig raties 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 m€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 ofvefe® 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 medsidsis spread
by direct contact.

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

Mapping the distribution of disease cases has been useful in fargcdstease
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incidence when combined with epidemic modeling. The expanding spatige of
West Nile Virus provides an opportunity to study the factorseelad the change in
patterns associated with the disease. The model used for #asgclesis 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 mamueby 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 arthropcty
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 ansbwaie also

16



been found in other vertebrate species, including: horses, sheep, pgftjedogs,
cats, bats, a chipmunk, a skunk and a domestic rabbit (Fiennes 1978). uEheawnir
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®B87 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 Africlithaie
East, the former Soviet Union, India and parts of Europe (Monath and He9&).
Human infections were common in the Nile Delta during the 1950s, annapidé
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 astghe
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 comcéma 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 ofntipdosns 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 dalmyddl 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 illnessiates] with WNV:
meningitis, encephalitis and meningoencephalitis (Sejvar 2003). Figstingitis
(swelling of the membranes covering the brain and spinal cordtaMWNV is
accompanied by fever, can occasionally be isolated from cerebroipidaSecond,
encephalitis (inflammation of brain tissue) due to WNV is aquamed by altered
mental status (Sejvar 2003). Meningoencephalitis refers to imfidimon of both the
brain and the membranes covering the brain and spinal cord. These evere s
neurological forms most commonly occur in elderly patients andesylt in long-
term illness and even death (Sejvar 2003). Occasionally, acutalffzaralysis 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
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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 @sa&abkirds 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 irgafiahi 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).

19



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 casaessiision-

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

St. Louis Encephalitis

Another flavivirus found in the United States is St. Louis EncejhéBLE).
SLE is also an arbovirus spread by mosquitoes and was first idérad a threat to
humans in 1933 after an outbreak in St. Louis, Missouri (Chamberlain 1980).
Retrospective studies of similar outbreaks in other locations enotbgic testing of
residents identified the prevalence of SLE in Paris, lllinois @ontedo, 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). Fré861to 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 @ctimg 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¢ 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 occurrencseafseli

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 experiencednuigtisrs

of cases of SLE during several outbreaks (Monath 1980). Environmewtars
determined the level of SLE transmission in localized geogragoieias 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 sigificaigher than the

rest of Memphis-Shelby County in 1975. Nonetheless, increased veathrcpon
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has been associated with inadequate outdoor sanitation in impoveristedwareg
many outbreaks of SLE (Monath 1980 Housing characteristics such as open
foundations, absence of or inadequate screening and absence of air coigdiven
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 hagfietka 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 intensive study aitned a
determining the distribution of WNV antibodies in the human population gptEg
Specimens were collected from a selective sample of the iBgypopulation to
describe the geographic extent of antibodies to WNV. Resultseo$tudy led the
authors to conclude that WNV was a childhood disease with ygadks of
transmission during mid-summer (Taylor et al. 1956). Adults in d@ngespopulation
were most likely infected as children and had developed immunity Xb/.Wh

contrast to the Egyptian study, studies in the U. S. have identltied age as a risk
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factor for severe neurological illness and death from WNV ftidecin the U. S.
(Hochberg et al. 2002, Nash et al. 2001). During the outbreak in NekvGityr in
1999, Nash et al. (2001) used active surveillance to identify humas. CHsis was
followed by laboratory testing of serum and cerebrospinal fluideiwavailable)
from hospitalized patients to isolate virus antibodies from semuoincarebrospinal
fluids (Taylor et al. 1956). Results of the study identified the amedge of patients
hospitalized for WNV iliness as 71 years; with persons age ®lder as 20 times
more likely to become ill (Taylor et al. 1956). They also ide@tian age of 75 or
older as a risk factor for death from WNV infection (Tayloakt1956). Based on
results of United States human case surveillance data, the €io@ed the median
age of persons with WNV meningoencephalitis as 68 for 2001 (CDCap@6d 59
in 2002 (CDC 200@). The CDC reported the median age of decedents as 78 for 2002
(CDC 2002). There is great concern in reducing the risk of infection dibr
individuals. There is a particular interest in reducing the risknfection in the
elderly who are more likely to suffer from more serious comitina (Behney et
al.). Recent data from the literature reinforces the idaaWNV, once considered a
childhood disease is now considered a disease of greatest ctmtieenelderly. An
increase in neuroinvasive disease associated with WNV inlyelakgients is evident
not only in the United States, but has also been documented in Wieiabérger et

al. 2001, Tsai et al. 1998).

Poverty

The traditional measure of poverty was determined in 1963 wheneMolli

Orshansky of the U. S. Department of Agriculture (USDA) daeteed that food
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accounted for 33% of a family’s budget (Besharov 1995). Using this qedele
poverty level was set at three times “what the USDA catleel lowest-cost
‘nutritionally adequate’ diet” (Besharov 1995), with some modifaai this
guideline is still used by the federal government (U. S. Deyat Of Health &
Human Services 2007). Currently, the United States Departofehiealth and
Human Services (HHS) uses poverty thresholds (updated yearly¥tdtstical
purposes, while poverty guidelines are used to determine finargddiliey for

certain federal programs (HHS 2009). Direct contributory factarslude

unemployment, low income and limited education (Harpham et al. 1998).

Researchers have found an association between poverty and vector-borne
diseases. Socioeconomic status (SES) was identified as aatskfior Dengue Fever
during a study of two neighboring towns, Laredo, Texas and Neuvo Laredo,
Taumalipas, Mexico (Reiter et al. 2003). Seropositive test sewdie fewer in the
more affluent Laredo. In contrast, a greater proportion of seroposésteresults
were obtained in the less affluent Nuevo Laredo (Reiter 208B). It is possible that
the same association exists with WNV and SLE. As these gagé®gens are each

spread via mosquito bite, it is likely that they may have risk factors in common.

WNV Activity in Birds and Mosquitoes

Scholars have determined that dead birds and mosquito pools thpeisiése
for WNV can be used as early indicators of viral activity tNaet al. 2002,
Mostashari et al. 2003, Theophilides et al. 2003). This information hasubefr in
determining where to focus mosquito control efforts. Analysis odl téra locations,

“enabled preemptive measures to reduce mosquito breeding” (Mosteisakar2003).
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These control measures were used earlier than with labotofiymation of WNV
activity in vertebrate hosts and arthropod vectors. However, om@tlon of using
dead birds as an indicator is that someone has to report them (Etdsbr2@01,
Mostashari et al. 2003). As crows and jays (the most likely spézibe found dead
from the virus) adapt to the pathogen they will develop immunéking them less
likely to succumb to the disease (Eidson et al. 2001, Mostashari. @0@B).
Monitoring of WNV activity in birds and mosquitoes is important inedining

areas where humans may be exposed to the virus.

Weather Conditions

Weather conditions have been associated with outbreaks of WNV and are
related to vector production. For example, flooding of the MoraviarRive997
caused massive broods of mosquitoes to hatch in association with aeakubbr
WNYV in the Czech Republic (Hubalek et al. 2000). Warm dry weattier #ood
conditions was associated with the formation of suitable breedingatsabiar
mosquitoes in Bucharest (Hubalek 2000). Further, it was found that hdroug
conditions result in a concentration of birds and mosquito vectors nmetadiwater
resources in a small area (Shaman et al. 2002, Brinton 2002). Disgeagin hosts
and mosquito vectors occur when the drought ends, initiating thetesargmission
phase of the viral cycle (Shaman et al. 2002). The lack of heavyorflush sewer
systems results in increased mosquito populations in cities ¢Br2@02). Higher
temperatures decrease larval development time, leading to the pooacdefch greater
number of mosquito vectors in a shorter time period (Alto and Juliano 2001).

Research on SLE found that higher temperatures and lack afuang the summer
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months resulted in sufficient habitat f@Qulex pipiensto breed (Monath 19&).
Although it is important to recognize the connection between weatimelitions and

WNV, there is also a need to study and identify human interactions with the virus.

Public Health System in the United States

Prior to the mid-1800s, public health officials did not have medical
backgrounds, their role served to keep the diseased quarantined to grespread
of disease and make sure that economic activities were not dis(ee 1997). At
the time, the rapidly growing port cities on the east coadteotUnited States were
susceptible to the threat of epidemic diseases such as, yellew f@ublic health
programs were organized at the local level to quarantine ships wdpécarrying
disease (Fee 1997). This practice interfered with economiesitand city health
departments began to focus more on cleaning up the dirtiest artrees afies (Fee
1997). As sanitation became more important in preventing the spreadeaisel]

medical practitioners became gained importance in promoting public health.

National Level

The Department of Health and Human Service is the cabinettoepdmost
concerned with protecting the health of all Americans (Brandt 19898 BD09). The
department has four major operating divisions involved in public hedtign:Health
Care Financing Administration (HCFA), the Administration for I@t@n and
Families (ACF), the Administration on Aging (AOA), and the Rublealth Service

(PHS) (Brandt 1997; Turnock 2004; HHS 2009).
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The two agencies within the Public Health Service that provideices
relative to WNV are the National Institutes of Health (Nl&h)d the Centers for
Disease Control (CDC) (Brandt 1997). NIH is a medical reseagdmcy that
investigates disease prevention methods, causes of disease, treatmenenanaes.
Grant dollars are administered by the NIH to provide financial stippolr leadership
to researchers at the state and national levels. The CDC was establisdél & the
Communicable Disease Center (Brandt 1997, Turnock 2004). Working in conjunction
with states and other partners the CDC provides a health $amceilsystem to
monitor and prevent disease outbreaks, implement disease preventiegietrand
maintain national health statistics (Brandt 1997). The CDCiomgs “To promote
health and quality of life by preventing and controlling diseasayryinjand
disability.” This is accomplished through partnerships with healtarozgtions both

nationally and internationally (CDC website, Accessed 01/22, 2008).

State Level

Each of the 50 states has a health agency primarily responsibbeildbc
health within the state (Dandoy 1997). Massachusetts was shesthte to create a
board of health in 1869 (Dandoy 1997). All states had health departmeh&)®9,
focusing mainly on the recording of births and deaths and the control of
communicable diseases (Dandoy 1997). Today, state health departiverd
expanded their activities with the aim of improving health and sesvavailable to
all its residents (Dandoy 1997). These activities can be categorizeiioas f

e Health information — collecting and preserving vital records antkgag and
analyzing data on the health of the population and health care delivery system
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e Disease and disability prevention — controlling communicable dissasell
as programs related to prevention and early detection of chronic diseases
e Health protection — oversight of public drinking water, air, food servic
facilities, sewage systems and sources of radiation and impraeoess to
medical care for underserved populations

e Health promotion — health education programs designed to promote a healthy
lifestyle with emphasis on reducing risk factors for canoer @ardiovascular
diseases

e Health care delivery — providing healthcare at specialty sliaied primary
medical care (Dandoy 1997).

Local Health Department

Local health departments are those entities which have theomissi
“protect, promote and maintain the health of the entire population of thei
jurisdiction” (Rawding and Wasserman 1997). There are approxiyna000 local
health departments in the United States. These organizationsaex#&jencies of
towns, cities, counties and in some states are districts obttte level health

department (Rawding and Wasserman 1997).

Surveillance

Surveillance plays a critical role in disease control and pt®re by
guantifying disease activity at a given time and identgyameas where action should
be taken to prevent future cases. This is achieved by the collectidarly
consolidation, analysis, and evaluation of data with prompt disseminatithoge
agencies concerned with disease prevention (Hinman 1997; Heymann 2004).

The CDC collects and reports WNV surveillance data on a weeklg oa
five categories: human cases, wild birds, sentinel chickeksflanosquitoes, and

veterinary cases. Reports from clinicians regarding positigescare reported by
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counties; this is an example of passive surveillance. In ntaetive surveillance
occurs when investigators go out and collect blood and tissue samptiest tfor
infection. Both active and passive surveillance measures arecm folaollect data

regarding positive, probable and confirmed cases of WNV.

Human Surveillance
The CDC includes the following goals of surveillance for human cases:

e To assess the local, state and national public health impact of WNV
disease and monitor national trends

demonstrate the need for public health intervention programs

allocate resources

identify risk factors for infection and determine high-risk populations
identify geographic areas in need of targeted interventions

identify geographic areas in which it may be appropriate to conduct

analytic studies of important public health issues (CDC guidelines
2003)

Health care providers report human cases to the local health rdeptrt
classified as probable or confirmed based on the CDC case defif@onfirmed
cases of WNV are determined by positive laboratory tests sunetier body fluid
samples (Stephen 2007). A probable case is febrile illness dsdosigh neurologic
manifestations the presence of arbovirus antibody, confirmed byatabyp tests
(CDC 2003).

In addition to collecting data for human infection, results from w@stblood
products are collected to prevent blood products from viremic (producirg ehtme
virus) individuals from entering the blood supply. This measure isarepb reduce

the risk of infections resulting from transfusions and organ donation.
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Avian Surveillance

Avian surveillance data are collected in the form of dead baports,
especially corvids (crows and jays), results from sentinetkd or, wild bird
surveillance. Sentinels are the first indicators of viral agtiand are used to alert
public health officials that the possibility of human infection &xi8ecause “no
single sentinel host species ...is effective in all area®GA993) sentinel species
used varies. In some parts of California captive sentinel chickeksflare used as
sentinels for Western Equine Encephalitis, whereas in west TeKdshouse
sparrows are used as sentinels to test for Western Equine HitcepG®C 1993,
Marin/Sonoma Mosquito and Vector Control District 2008). When reportargé |
numbers of dead crows were associated with human cases of Wi@¢dan in 1999
dead crows were used as sentinels in those places where sewmtireet®ot already in
use. Corvids are highly susceptible and succumb to WNV in large nunfisis
result, in some areas dead crows have been tested for WNV. eelave been
the earliest indicator of the presence of WNV. Evidence has beerdguowhich
justifies the use of chickens as sentinels for WNV in North AgagLangevin et al.
2001). In California, a small amount of blood is drawn bi-weekly to test
antibodies to arthropod-borne viruses (Marin/Sonoma Mosquito and VectowoContr
District, West Umatilla Vector Control District 2008). Not alfisdictions maintain
sentinel flocks for surveillance. Individuals from wild bird population® a
occasionally caught and released after drawing a blood sanmpleteting

(Marin/Sonoma Mosquito and Vector Control District 2008).
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Mosquito Surveillance

Mosquito surveillance data is the primary means of quantifyingnteasity
of virus transmission in an area (CDC 2003). Adult mosquitoesodlexied using a
variety of trapping techniques to identify the mosquito species, primary vect@sspec
present, and the density of mosquitoes. Larval mosquitoes are emlctaking dip
samples from a variety of habitats to identify species present in aaratda identify
mosquito sources. The data collected are useful in identifyirag avhere the threat
to humans requires application of insecticide or larvicide to retheécask of human

infection.

Equine Surveillance

In addition to monitoring mosquitoes, equine surveillance data are edlliect
areas with susceptible horse populations (CDC 1993). Cases of WHBa&tianf in
horses have been reported in New York State as well as in M@litach et al.
2003, Trock et al. 2001). In 2002, 660 counties reported the first indicator bf AN
an equine case (CDC 2af)2 As reported by the CDC, “Bird- and horse-based
surveillance are important tools for monitoring the geographic smpesd\NV and
for signaling WNV activity in an area before the recognitionhoman illnesses”

(CDC 2002i).
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Chapter 3: Methodology

Introduction

This chapter begins with a discussion of the study area folldwedn
introduction of the research questions. Next a discussion of the methddteof
collection and methodologies used to answer the research questidres priésented.
A discussion of how the data was analyzed is also included. Diffusaels are
used to present a graphic representation of the spread of WNV. Mqrstatestical
analysis is used to identify socio-demographic charadgtsisivhich may be
considered risk factors for WNV infection. Additionally | relatee response by
public health officials to their perception of the threat posed by ¢merging

pathogen.

Study Area

This research focused on 14 central and northeastern states: ciidwtne
lllinois, Indiana, Maine, Massachusetts, Michigan, New Hampshirey Blersey,
New York, Ohio, Pennsylvania, Rhode Island, Vermont and Wisconsin. The 654
counties contained in the fourteen states were chosen for theifglo@asons: (1)
high number of metropolitan areas; (2) variation in the selestetb-demographic
variables by county; (3) similar environmental conditions relatoveveather and
climate; (4)Culex pipiensis the most common mosquito vector for these counties
and; (5) variation in WNV infection rates by county. The diffussdWNYV in these
states provided the basis of my analysis of the study arsamfle size of 654 total

counties were used in this study as a surrogate for conditions ldnited States.
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This sample provides considerable information to study the spread\df &¢ross
the northeast and north central portion of the United States.

In conjunction with the statistical analysis of diffusion, a coreurisurvey
was conducted of a sample of counties in the study area. | édstegethe state of
Ohio to produce a more in depth analysis of diffusion. | surveyed the ezl
public health officials in Ohio. Research suggests that Ohio antb@&i “have
consistently reported the highest prevalence of encephaliti$ @yl Cook 1978).
Ohio should be representative of the entire study area becauseswhillae variation
in urban and rural areas to the entire region. Other statesewelteded from the
survey because of a high concentration of urban areas which couldimesthtn
regional proxy instead of variation in cities and towns. Ohio was @losen for the
survey because of the availability of resource support through acadesiwith

Youngstown State University, Youngstown, Ohio.

The Research Hypotheses

Protecting the public from infectious disease can be achievedcbyasing
knowledge of risk factors. Risk factors are those characterigsociated with an
increased risk of contracting a particular illness. Discermihgch risk factors are
associated with WNV and ultimately where they occur can b&iums reducing the
incidence of infection. The primary question asked is “Can socio-daplog
characteristics be considered risk factors for neurologicahsksdue to West Nile
Virus?” Several questions were developed to define this research. These are:

e Can socio-demographic characteristics be identified which aatedel
to human cases of WNV infection?
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e Is there a particular type of county that is more frequentp@ated
with cases of WNV?

e Is the response by public health officials at the county leVatiek to
their perception of the threat posed by WNV in their jurisdictions?

Census Variables

Socio-demographic data taken from the Census Bureau were used as
independent variables and categorized as follows: total populationedgesation,
employment, ethnicity, country of birth, gender, income, housing chasitterand
urbanization. These independent variables are shown in Table 3.1.

Previous research on health and environment suggests that socioeconomic
status is positively related to the health of individuals and helgsteymine where
an individual lives (Yen and Syme 1999). In this research socio-daptug
variables were used as a surrogate to represent conditions aicthkeesivironment
within each county. Total population and population density have been asdociat
with a higher prevalence of arbovirus cases (Pyle and Cook 1978). lroadthe
literature suggests that old age is a risk factor for severe neurolitigiess and death
from WNV infection in the United States (Hochberg et al. 2002 hNdsal. 2001).
The median age of patients hospitalized as 71 years and persd@s@agader as 20
times more likely to become ill (CDC 2082CDC 2002, Nash et al. 2001). An
increase in neuroinvasive disease associated with WNV inlyelakgtients is evident
not only in the United States, but has also been documented in Tsaieé( al. 1998,

Weinberger et al. 2001).
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Table 3.1 Socio-demographic variables extracted/created from Census Data

Population and Age distribution variables

(1) Total population,

(2) Percentage of the population over the age of 65

(3) Percentage of the population under age 18,

(4) Percentage of the population that is white,

(5) Percentage of the population that is foreign born,

(6) Percentage of the population 16 or over in the workforce,

(7) Percentage of the population over age 16 in the workforce that is female,

Education

(8) Percentage of the population over age 25 with a high school dipilochadés
equivalency),

(9) Percentage of the population over age 25 with an associates degree,

(10) Percentage of the population over age 25 with a bachelors degree,

(11) Percentage of the population over age 25 with a graduate or foébss
degree,

Economic well-being and Housing

(12) Percentage of the population living below the poverty level,
(13) Percentage of the population receiving public assistance,
(14) Percentage of the population living in urban areas,

(15) Counties that are urban,

(16) Median household 1999 income,

(17) Median year housing was built,

(18) Percentage of households headed by females,

(19) Average household size,

(20) Percentage of houses that are occupied,

(21) Percentage of houses that are occupied by renters.

Yen and Syme (1999) report that ethnicity, country of birth, urbaoiza
gender, education and employment have been used in classifyinguodram as
social areas. Indicators of social rank include education and emg@hdy{Shevky and
Williams 1949). The variables used in this research generalhcidei with factor

analysis which has been used to analyze North American (irese 1942, Berry
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1968). For this research, each county was also designated a®urbeal based on
the Rural-Urban continuum. As reported by the USDA:

Rural-urban Continuum Codes form a classification scheme that
distinguishes metropolitan counties by size and nonmetropolitan
counties by degree of urbanization and proximity to metro areas
(USDA 2007).

As designated by the USDA each county is identified by a cade ir through 9
related to population and proximity to metropolitan areas €ralfl). For this study counties

were designated as urban when they had an urban continuum code of 1, 2, or 3.

Table 3.2 2003 Rural —Urban Continuum codes

Code Description

Metro counties:

1 Counties in metro areas of 1 million population or more
2 Counties in metro areas of 250,000 to 1 million population
3 Counties in metro areas of fewer than 250,000 population

Nonmetro counties:

Urban population of 20,000 or more, adjacent to a metro area

Urban population of 20,000 or more, not adjacent to a metro area

Urban population of 2,500 to 19,999, adjacent to a metro area

Urban population of 2,500 to 19,999, not adjacent to a metro area

Completely rural or less than 2,500 urban population, adjacent to a

metro area

9 Completely rural or less than 2,500 urban population, not adjacent to a
metro area

Source: United States Department of Agrigel{2007)

N[O~

Public Health Variables

The dependent variable was the cumulative infection rate (per 10,000
population) of WNV for each county in 14 states for the years 1999 — 200%5latde
used to create this variable were extracted from the CDC amtedJ States

Geological Survey (USGS), websites. County-level population data extracted
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from the Census Bureau website. The human case data was pootbdrtegé the
Census data to create the data set for this dissertationidnfeate was determined
by use of the following formula: infection rate = cumulative ifpgs human

infections reported / population / * 10000.

Research Framework

This is a multi-level analysis designed to answer the relserestions and
test the hypotheses. Due to the complexity of the data it wassay to conduct the
analysis in multiple levels. The first level of analysis exe® the diffusion of WNV.
Level two involves the statistical analysis of the socio-deapgc data, this makes
it possible to identify a type of county most often associated WINV cases. The
survey of local level public health officials is the third leeélanalysis, to make a

connection between the county-level public health response and WNV infection rates.

Level One

The CDC county level data of WNV activity in humans, birds, mosquitoes
and other animals were collected from the CDC and USGS webHEitese data were
used to create GIS maps showing the spread of WNV across siatdelin the study
area. This analysis provides a “snapshot” of WNV activity fahegear of the study.
To examine the process of diffusion a series of maps which shosptead of the

disease over time were produced.

Level Two

Level two of the analysis was used to answer the first ésearch questions.

Can socio-demographic characteristics be identified whichetaed to human cases
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of WNV infection? Is there a particular type of county thatmsre frequently
associated with cases of WNV? Part one of this second levakbfsés provides an
understanding of the role socio-demographic characteristicsdpilaybe diffusion of
WNV. This analysis determines whether WNV neurological diseageund most
often in counties with particular socio-demographic charatitsisAlthough the
literature does not associate WNV by county type, such an undengtamitli add to

the body of knowledge about WNV infection.

Research Question 1. Can socio-demographic characteristics be identified and
related to human cases of WNV infection?

Hypothesis 1: Risk factors will vary by location.

The goal is to identify risk factors associated with WNV ctifen resulting in
neurological disease in humans. The assumption is that WNV willncentdo be a
public health issue.

Research Question 2: Is there a particular type of county that is more frequently
associated with cases of WNV?

Hypothesis 2: Specific risk factors can be identified thiatteeto cases of
WNV neurological disease.

The goal is to identify a classification of counties. The agsiom is that
counties with particular socio-demographic characteristesssociated with high or
low numbers of reported cases of human WNV neurological disease.

Hypothesis 3: Socio-demographic characteristics can be useddocpra

classification of counties.
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The third research goal is to describe county types based orededecio-
demographic characteristics to explain the geographic distnbat human cases of
WNV resulting in neurological disease. The assumption is thay sasalts will be
used to identify areas where prevention and control methods should be employed.

Factor analysis is used to simplify the data and identify iydgrfactors
(Kachigan 1991) associated with the spread of WNV. The principal comisone
factor analysis eliminates redundancies of interdependent varigblesg 1968).
Factor analysis was used on the 21 variables listed in Table 3ptotluce a
classification of counties. This classification is used to rdete whether the
population of a particular type of county is at a greater riskfettion by WNV. The
analysis reduced the number of variables by grouping togétbee wariables which
are more closely correlated to at the county level. Once thets®s were derived an
appropriate description of the structural factors were given.|Eqogortant, were
the factor scores. Z scores (mean of 0) for each county innddgsea resulted for
each of the derived factors (Kachigan 1991, Warner 2008). While thsigee
provides an understanding of the effect of selected variabléskaaators for WNV
disease, it does not explain variation by county.

Because each factor score represents a standardized faatactiocounty, it
was regressed on the WNV infection rate to further elucidegtget variables as risk
factors. Mapping the residuals provides a visual representatiorheofspatial
phenomena using a less complex descriptive statistical baselltived for easier
interpretation of results (Robinson et al. 1968). The factor asalg@ntifies

statistically significant independent variables and rejects thosarthabt statistically
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significant (Thomas 1968, Warner 2008). To further improve our understaafling
the geographic distribution of human cases of WNV, stepwise disenmanalysis
was used to provide a near-optimal grouping of human case obseniator3
distinct classes (Berry 1968). This technique focused on the 21 dsrtiographic
characteristics found in literature directly or indirectgtated to human cases of
WNV. This approach required priori classification of WNV according to infection
rate by county. In essence, counties with an infection rate gréwte 0, were
classified according to WNV infection rate as: high, modesaatt low number of

cases. See Tables 3.3 and 3.4.

Table 3.3 Description of A priori Classification of Counties

A priori classification Range

H (High) Infection rate > 2.1

M (Moderate) Infection rate 1.1-2.1

L (Low) Infection rate .01 — 1.09

Infection rate = number of cases / 10,000 populatio

Table 3.4 County Classification Derived From Discriminant Analysis

County Predictor Value Classification
County A L =hxs +bpx;+...bx,  High

County B M =hx; + bxo + ...0x,  Moderate
County C N = bx; + bxo + ...bXxn Low
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On the basis of these discrete groupings it is possible to use dke
discriminant variables. According to analysis each variableidisates among thae
priori groups based upon the discriminant function (Kachigan 1991). If a variable
was related to the high WNV infection rate, it would provide maictine explanation
in classifying counties correctly. The same variable would prdeskediscrimination
among counties in moderate, low and high categories and likewisénéoneatriables.
On the other hand, variables were most discriminant amoray @ibri groups and
classified counties correctly accordingat@riori class. By classifying counties based
solely on infection rate they might not be grouped appropriatetause there is no
statistical basis for the grouping. The discriminant analysisesl each county into
appropriate groups based on the statistical analysis.

The factor ratio matrix determines significance of disgrant variables as
significant or insignificant. The analysis also provides a dlaasbn matrix, a
numerical classification of counties in that group (Kachigan 199auntes are
classed correct or incorrect based upon the discriminant power abbegti At any
particular stage of analysis, an understanding of each county aamomgyi groups
can be made and determine the number of counties classectlganel incorrectly.
This stepwise discriminant analysis makes it possible to deternmdividual
variables that discriminate amomgpriori groups and identified the number or the
combination of variables that were significant discriminatorsveLawo of the
analysis is represented by Figures 3.1 and 3.2. These analysesafadttical for

which factor scores are regressed on the dependent variable (Wihamnfection
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rate) and stepwise discriminant analysis together, will imptbgeunderstanding of

the geographic distribution of human cases of WNV in the study area.

Fig 3.1 Level Two — Part one of analysis WNYV infection rate
by County
(Dep.Var.
21 Census Variables Fact Fact R —
for each county »| Fac lor_ > Sac or > eglres_smn
(Ind. Var. Analysis cores Analysis
Types of Map of
Counties Residuals
Fig 3.2 Level Two — Part two of analysis
WNV infection H, M, L
rate by County Classification of
(Dep. Var.) ,| counties | Discriminant
Analysis
Selected Socio- R
demographic -
Characteristics by
County Y
(Ind. Var.) Classification Matrix for
Selected Socio-demographjc

Characteristics

Level Three

Research Question 3: Is the response by public health officials at the county level
appropriate relative to their perception of the threat posed by ViNVheir

jurisdictions?
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Hypothesis 4: Public health officials are responding to thettbfe&A/NV in
accordance with their perception of the disease as a local threat.

The research goal was to relate the response of public heatiialefto the
WNYV infection rate within their respective jurisdictions. We uase that public
health officials have implemented programs in response to the reccear of
neurological disease.

Hypothesis 5: Socio-demographic characteristics of the surgppndents
influenced their perception of the risk presented by WNV.

The assumption is that public health officials with more expeeenill be
more likely to perceive WNV as a greater threat. Itkiely that counties with a high
infection rate will be associated with a high level of awarenéshe disease and the
highest level of response.

Examining the diffusion of WNV alone does not provide the total pictbee,
response by public health officials needs to be examined. Tortdataesample of
counties was surveyed. Survey responses help to provide a basis fstanmdiag
the relationship between the WNV infection rate in humans ancegpense by local
level public health officials. Data obtained from the survey regmomadlows the
opportunity to determine how local level public health officials indtate of Ohio
were able to reduce the risk of infection by their response.silineey is a cost
effective measurement tool with the potential to generate substantiébidatealysis.

The survey design is modeled after a survey previously admedsby the
Council of State and Territorial Epidemiologists (CSTE). Thetent was to assess

the capacity of state and large city health departments to cosduveillance,
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prevention and control activities for WNV infection (CSTE 2005). With ayglr
from the organization, many of their questions were adopted for usg isurvey.
This was done so that comparison could be made between theiestdteekponses
and my county-level responses.

To achieve the highest possible response rate, county representaiees
contacted on several occasions regarding the survey in the foll@gogence of
events. Respondent names were first requested from each countyavia@mce
respondents’ names were gathered | sent a follow-up email to iefacmrespondent
that a survey had been sent via United States Postal SA#ES]. Surveys were
mailed to the 88 county-level health departments in the State of Dheto the
length of the questionnaire, it was determined that sending the quesgsrinamail
would be preferable to using a web-based survey. A cover Vedteattached to the
survey as an introduction and to explain the importance of the rese&chnéuded
was a consent form with University of Maryland Institutional ReviBoard (IRB)
approval. A self-addressed stamp envelope was included to encounagesesslhe
first mailing was on January 8, 2007, a second survey was mailed amfiehB,
2007 to respondents from whom a reply to the initial mailing was metved. |
began to receive completed surveys within two weeks of the initial mailing.

Fifty-eight completed surveys were received, representing% &sponse
rate. Upon receipt, completed surveys were logged in and assignedber, based
on order received. Responses were entered into a database withytiteotilier as

the assigned number, to insure anonymity of respondents. The completd sund
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consent forms were then stored in a locked file cabinet in mgeofffhank you
notices were sent by email to respondents upon receipt of completed survey.

To identify relationships between length of surveillance for Wasd county-
level infection rates correlation analysis was used. Cowelahalysis is used to
analyze the association between seemingly random variableki@gida 1991). This
analysis measures the strength of a linear relationship &etwariables. Results of
this test refer to the chance that there is no relationshipebat two variables.
Analysis of Variance (ANOVA) is used to identify and measure source of
variation within a dataset (Kachigan 1991). This test analyzediffieeences in the
mean values associated with a particular variable (Kachigan.1ABIDVA results
will identify differences in responses among the socio-demograpbponses of the
survey respondents. The use of these statistical analyses mapliove the
understanding of the diffusion of WNV within the study area and ésponse to

WNV by county-level public health officials in Ohio.
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Chapter 4: Diffusion of West Nile Virus Across The
Northeastern United States

Introduction

Prior to 1999 WNV was found only in the eastern hemisphere (Browredtein
al. 2004). The means of entry into the United States is unknown, but, suneeil
data has made it possible to track the spread of WNV through the eteml This
chapter provides an explanation of the surveillance data to define grgexbpattern
of human cases. Socio-demographic characteristics that bditafadhe spread and
act as barriers are determined, and offered here.

The primary question posed by this research was “Can socio-dgghimgra
characteristics be considered risk factors for neurologicahsksdue to West Nile
Virus?” In support of this goal it is necessary to identify sal@mographic
characteristics associated with human cases of WNV iofedti is also important to
determine a type of county more frequently associated witls cdS&/NV. Finally,
the response of public health officials at the county level isegtl@ their perception
of the threat posed by WNV in their jurisdictions.

Five hypotheses are addressed in order to answer the resgmstons.
These are: 1) Risk factors will vary by location; 2) specifsk factors can be
identified that relate to cases of WNV neurological diseaseso8)o-demographic
characteristics can be used to produce a classification of cgu#jigublic health

officials are responding to the threat of WNV in accordanch thieir perception of
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the disease as a local threat and; 5) socio-demographic temesters of the survey

respondents influenced their perception of the risk presented by WNV.

Diffusion of WNV

In 1999 WNV there were 62 documented human cases of WNV which
occurred in six counties in the state of New York (Lehman 2008). In 28@i@ional
cases were reported from 3 counties in New York and three adg@menttes in New
Jersey (Lehman 2008). In 2001 counties in 5 states in the study are®IAC NJ,

NY, and PA) reported a total of 38 human cases of WNV infection (QDT2).

During 2002 WNV activity in humans became more widespread and 258 of the 654
counties in the study area reported human cases. The followin2@8acounties
within the study area reported human cases. Only 80 counties irtuthe area
reported cases of WNV in 2004 compared to 65 counties in 2005. Counties that
reported human cases of WNV did not necessarily report casles/ear during the
focus of this study. Figure 4.1(a) displays the first year thatanupases were
reported by county within the study area. In 1999 through 2001 human cases a
found mainly in northeastern counties of the study area. From 2002 through 2006
human cases were reported from western counties in the study area.

As birds may be used as an early indicator of the presente oirus it is
necessary to illustrate counties where WNV was detected dis firoughout the
study area (Figure 4.1(b)). More counties reported infected birdsptigtive human
cases and, prior to 2002, positive birds were reported prior to pdsitivan cases.

Surveillance for WNV was begun in 1999 after it was identified as the diseage age
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West Nile Virus Occurrence in Humans, 1999-2005
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Source: USGS, ArboNet CDC, available
from USGS webpage at http://disease
maps.usgs.gov/. Accessed 11/26/07.

West Nile Virus Occurrence in Birds, 1999-2005

Legend
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from USGS webpage at http://disease
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ﬁ 9 \ maps.usgs.gov/. Accessed 11/26/07

Figure 4.1 West Nile Virus Occurrence In Humans and Birds,9:9005. Choropleth maps of human
(@) and avian (b) WNV infection, by first year daftection. Underreporting as a result of mild
undetected cases may account for gaps in the huwase data. Transportation routes may explain
some of the diffusion especially in Ohio and paftthe northeast.
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Over the period assessed the positive infections in birds waveed from a greater
number of counties than positive human infections. Further, only a few esulid
not report activity in birds in any of the years studied. Beginming001 and 2002
the increase in human cases may have resulted from increeseshass. Prior to this
time, the incidence and prevalence of WNV may have been gtbatewhat was
documented. Underreporting may explain the disparities between docdrheman
and avian occurrence.

The occurrence of these cases is also presented using aplddomihe years
1999-2005. The dot map illustrates clustering of human cases of Wifédtion
within the county borders. The earliest reports of avian surveilldaizewere in 2000
and viral activity in birds was much more widespread than humawitador the
same year. Again, a dot map is used to accurately refle¢erwhgs of birds which
tested for WNV positive within county boundaries Figure 4.2 (a)). Inpaosison
with the dot map of WNV activity in humans (Figure 4.2 (b)), the elgséxhibit a
similar pattern. The clusters are observed near large wbaters located in
southeastern New York, southwestern New Jersey, northeasterroahavestern
Ohio, northeastern lllinois, southeastern Wisconsin and central Michigamaktern
of the spread of WNV activity in mosquitoes (Figure 4.3) throughoutttitly sirea is
similar to that of birds. In 2000 and 2001 positive mosquito reports werentratee
in southern New York, northern New Jersey, western Connecticut, rreaste
Massachusetts and eastern Pennsylvania. During 2003 through 2005 there was
increased reporting of WNV occurrence in mosquitoes in Ohio, Indiiehigan,

Wisconsin and lllinois, in the western half of the study area.
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Figure 4.2 (b) Clusters of West Nile Virus Occurrence in Humand Birds, 1999-2005. Dot maps of
human (a) and avian (b) WNV infection, by firstryehidetection at the county level within the study
area. Clusters of documented human and avian casesevident where large urban centers are
located. The earliest reported cases are clusténedoutheastern New York. The pattern of spread
represented by the dots appears consistent witbmti@nsportation routes throughout the study area.
The absence of reported human cases in countiésaniarge number of reported bird infections is
likely related to less dense human populationshos¢ areas; northern Vermont, northwestern New
York.
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The most significant wave of viral activity appears in 2002, wheal vi
activity is more widespread, with clusters near large urleatecs, especially in New
York, New Jersey, Pennsylvania, lllinois and Ohio. Greater an@aseand increased
reporting of human cases are the most likely reasons for ssxteaporting of human
case data.

WNV activity in animals spread over time at about the sanse pa activity
in birds and mosquitoes, with the most significant spread occurrir2a08. The
same is observed in the human population. Clustering of WNV activagimals is
very similar to the pattern for birds and mosquitoes during the siameeperiod.
Fewer positive sentinels were reported than humans and other atinsafsossible
that not all areas had surveillance measures in place to detalctactivity in

sentinels.

West Nile Virus Occurrence in Mosquitos, 1999-2005

Legend
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Source: USGS, ArboNet CDC, available
from USGS webpage at http://disease

‘ﬁ R S maps.usgs.gov/. Accessed 11/26/07.

Figure 4.3 West Nile Virus Occurrence in Mosquitoes, 1999-2@horopleth map of WNV infected
mosquito pools, by first year of detection at tharty level within the study area.
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Discriminant Analysis of County Level Socio-Demographics

Statistical analysis of defined socio-demographics atcthenty level can
improve understanding of the socio-demographic risk factors. Bedasseased on
observationa priori classification of counties as High (H), Moderate (M), or Low (L)
based on WNV infection does not yield the same results as @aseif based on
statistical analysis. Therefore, discriminant analysiswegasl to determine errors af
priori classification, and correctly classify counties. Based on the analyysiounties
were classified as having a high infection rate, 45 counties hadrate@defection
rates and 316 counties were classified as having low infecties. vas for predicted
membership: 100% of counties were correctly classed as high, 94.%kre
correctly classed as having moderate infection rates and 98.73ré&bcoeectly
classed as having low infection rates (Table 4.1). Erroespniori classification of
counties were identified in the low and moderate classes.

Table 4.1 Predicted vs. actual group membership for counties with positive human
cases of WNV.

Predicted Group

Actual Group High Moderate Low Totals
High 11 0 0 11
Moderate 0 41 4 45
(91.11%) (error)
Low 0 4 312 316
(error) (98.73%)
372

Due to the limitations of the analysis only thoseities with an infection rate greater than 0 were
included in these results.
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In an attempt to provide some explanation for the pattern of spreeaksit
necessary to evaluate the socio-demographic charactetisédsas variables in the
statistical analyses to identify which characteristics lbanassociated with WNV

cases.

Factor Analysis of Socio-demographic Variables

To assess the dimensionality of a set of 21 socio-demographebiesri
selected from census data, factor analysis was performedprsicgpal components
analysis, the default criterion to retain only factors wittesiglues greater than 1,
and varimax rotation was selected. Only five factors had eigenvataater than 1;
therefore, only Factors 1 through 5 were retained and rotated. Factor 1t{&daocd
Affluence in Urban Areas) accounted for 33.36% of the variancéorfac (Less
Affluent Younger Families) accounted for 21.21 % of the variancetorfa3
(Economically Dependent) accounted for 11.17 % of the variance, fa¢toldér
Occupied Households) accounted for 7.00 % of the variance. Togeghiarsthfour
factors accounted for2.75 % of the variance in this dataset (Table 4.2). The fifth
factor accounted for only 1.2 % of the variance and has been exclsidledas not
statistically significant. Thus, the 21 socio-demographic vasabhhve been reduced

to only 4 variables, each being some combination of the original 21.
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Table 4.2 Total Variance Explained from Factor Analysis

Component Initial Eigenvalues
Total Variance % of Variance  Cumulative %

Education and Affluence in Urban Areas 7.007 33.364 33.364
Less Affluent Younger Families 4.453 21.206 54.571
Economically Dependent 2.347 11.174 65.745
Older Occupied Housing 1.471 7.005 72.750
5 1.197 5.701 78.452
6 .890 4.237 82.688
7 732 3.483 86.172
8 574 2.731 88.903
9 410 1.953 90.856
10 .375 1.786 92.642
11 .361 1.717 94.359
12 .268 1.275 95.635
13 .208 .989 96.623
14 .194 .923 97.547
15 134 .640 98.187
16 .098 467 98.654
17 .086 410 99.063
18 .073 .348 99.411
19 .060 .283 99.695
20 .047 224 99.919
21 .017 .081 100.000

Extraction Method: Principal Component Arsady

The rotated component matrix indicated that the 21 selected variabheed
4 separate groups or factors. Rotated factor loadings (Table dt8)examined to
assess the nature of the four retained factors resulting vesimax rotation. A
loading was interpreted as large if it exceeded 0.50 in absohgeitude (Kachigan
1991). Variables with high positive loadings (®0) refer to those county
characteristics which are associated with higher WNV imdeatates. Variables with

negative loadings &50) have an effect due to their absence at the county-level.
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Table 4.3 Rotated Component Matfifrom Factor Analysis

Component
1 2 3 4
Total Population .657 .106 .264 .227
Percentage of the population that is white -.610 -174 -591 -.132
Percentage of the population 16 and over in th&foore .258 .584 -.451 .123
Percentage of the population over 25 with a higfostdiploma  -.832 -.019 -.094 155
Percentage of the population over 25 with an aasocdegree .067 -.077 -.006 -.005
Percentage of the population over 25 with a bachelegree .857 .080 -.237 -123
Percentage of the population over 25 with a graddagree .858 -.058 -.095 -.083
Percentage of the population living below the povkavel -117  -.279 .861 -.060
Percentage of households headed by females .327 .202 775 321
Percentage of the population aged 65 or older -.378  -744 -.005 .047
Percentage of the population under age 18 -.178 .903 .004 -.005
Percentage of households that are occupied .196 479 -.130 .673
Median year housing was built .086 368  -.181  -.782
Percentage of the population that is urban .703 .140 .035 .496
Percentage of the population that is foreign born .789 .100 .244 115
Average household size .090 .887 -.095 -031
Percentage of households receiving public assistaséncome .011  -110 .861 -.045
Median household income in 1999 .632 490  -522 -.019
Percentage of households occupied by renters .601 -.046 490 .395
\I;’v?);ﬁ?onrtcaege of the population 16 and over and feimale 360 482 -306 172
Counties designated as Urban .561 294 -.085 .251

Extraction Method: Principal Component Anadys
Rotation Method: Varimax with Kaiser Normaliion.
#Rotation converged in 10 iterations.

Factor One: Education and Affluence in Urban Areas

Eight variables had high positive loadings on the first factor. Thiegde e
include: total population; percentage of the population over age Bsaviiachelors
degree; percentage of the population over age 25 with a graduate gegceatage
of the population that is urban; percentage of the population thatagy born;
median 1999 income; percentage of houses that are occupied by remdersuaties

that are urban. Factor one has been labeled as ‘Education and Adfimehcban
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Areas’, based on the variables with positive loadings associatldeducation,
income, urbanicity. Within the study area counties fitting thatrj&son correspond
with Chicago, Detroit, Indianapolis, Cleveland, Columbus and Cincinnati
metropolitan areas. Megalopolis, on the easternmost part of the atea has the
greatest concentration of counties fitting this description. Assaltr of the analysis
the counties at greatest risk of infection correspond with the nesk ashown in

Figure 4.4.

Education and Affluence in Urban Areas
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Figure 4.4 Choropleth Map of county-level factor scores. Castwith higher factor scores (red
areas) considered to have the highest risk of Wiféction, based on the analysis. This is most
notable in counties located in the eastern hathefstudy area.

Population levels are varied throughout the study area, with heavily pegula
areas located in each of the 14 states. The most populatedraré&asated along the
east coast, from Massachusetts to New Jersey, easterwesteln Pennsylvania,

western New York, northeastern and central Ohio, northwest Indiantheast
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lllinois, southeast Wisconsin and the southern portion of Michigan. Whepacorg
population demographics to the counties identified at risk by thisféictor, they
correspond highly with the most populated areas.

Percentage of the population over 25 with a graduate degree had th& highe
loading on the first factor. The eastern half of the study eos#ains the largest
concentration of counties with a high percentage of the population thathesd a

graduate degree (Figure 4.5).

Percentage of the Population over Age 25 that has Earned a Graduate Degree
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Figure 4.5 Choropleth Map showing percentage of the populatieer age 25 with a graduate degree.

Counties that have a high percentage of the pomuawith graduate degree are more likely to have
higher WNV infection rates, based on the analyBigere is a large concentration of these counties
found in the eastern half of the study area.

The percentage of population that has earned a Bachelors degrdeet g
those states closest to the east coast. New York, Vermont, Hwpshire,

Massachusetts, Connecticut and Rhode Island have the highest percehtag
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individuals over age 25 with an associates degree. In Ohio, Indiana ramsl/Rania,

the percentages are much lower in comparison to those individuala tiigh school
diploma. In the states west of Pennsylvania the percentage wadimelors and
graduate degrees are highest mainly near large metropolitan Brislka factors based

on this county type include high educational attainment, high population and

urbanicity.

Factor Two: Less Affluent Young Families

Three variables had high loadings on factor two. These three varabtes
percentage of the population 16 or over in the workforce; percerdhgbe
population under age 18; and average household size. Factor two has been labele
‘Less Affluent Young Families’ based on the variables with pgkitive loadings
associated with the number of young workers, household size and aunmmdger of
children in the population. The counties with the greatest risk of Vifidiéttion
based on this description correspond with the suburban and outlyingadjaesnt to
those identified as ‘Education and Affluence in Urban Areastdfat). Figure 4.6
highlights areas identified at greatest risk by the arglgsiunties located in lllinois,
Indiana, Michigan, Ohio, and Wisconsin and along the east coast. Tleatage of
the population age 16 and over in the workforce is greatest in mptedops areas
where the population is more diverse (Figure 4.7). Much of thereastd western
portions of the study area indicate the incidence of the highestnpages of the
population 16 and over in the workforce. The central portion of the study are

exhibits the lowest percentages.
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Less Affluent Young Families
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Figure 4.6 Choropleth Map of county-level factor scores fouwtes labeled Less Affluent Young
Families based on the analysis. The greatest cdratégan of these counties is in the western half of
the study area.

Percentage of the Population Age 16 and over that is in the Workforce
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Figure 4.7 Choropleth Map showing percentage of the populati6rand over in the workforce at the
county level. These percentages are highest pexgestin most of the western half and far eastern
portion of the study area.
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The distribution of the population over age 65 is varied throughout thg stud
area, with the lowest percentages found in Ohio, Indiana, most loiwtke peninsula
of Michigan, in lllinois and Wisconsin, many of the counties surroundingagbi
and extending up into Wisconsin. The highest percentage of the populatioagever
65 is concentrated in counties in the southern and western paris@s Jlhorthern
Wisconsin, northern Michigan, eastern Pennsylvania into northern New Yastlkre
New Hampshire and most of Maine. Much of Wisconsin, Michigan, natéesa
lllinois, Indiana, Ohio and western New York contain the counties wheze
percentage of the population under age 18 is highest (Figure 4.8). Thedes
correspond closely with counties where the population over 65 is lowaestdBn
these results, higher average household size and high percentagepopuletion

under the age of 18 are considered risk factors for WNV infection.

Percentage of the Population under the Age of 18
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Figure 4.8 Choropleth Map showing percentage of the populatioder age 18 at the county level.
The greatest concentration of these counties stéatin the western half of the study area.
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Factor Three: Economically Dependent

Three variables had high loading on factor three. These three include:

percentage of the population living below the poverty level; pergerdahouseholds

receiving public assistance; and percentage of households headedalgsfa-actor

three has been labeled ‘Economically Dependent’ based on théleansith high

loadings. Counties at greatest risk based on this factor areedo@atnorthern

Wisconsin, southern and northeastern lllinois, central Michigan, southem, Ohi

southeastern Pennsylvania, northeastern New Jersey, Maine and seuthsasv

York (Figure 4.9). In these counties a high percentage of individivalg below

poverty and a high percentage of households receiving public assistaecsénthe

risk of WNV infection.

Economically Dependent
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Figure 4.9 Choropleth Map of county-level factor scores fooRamically Dependent. Northern New
York, Vermont and Maine in addition to southern @mortheastern and southern lllinois and central

Michigan are areas at greatest risk of infectionttus county type.
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Those areas of the study area where the percentage ofefdmeaded
households is greatest mainly occur in densely populated urban Riga® 4.10).
Many of these counties also have high percentages of the populatigndelow the
poverty level. The percentage of the population living below the powaréy $hows
some variation with the highest percentages evident throughoutombine and
located in the area that extends from southern Ohio and extends sivHrda
through Pennsylvania and into New York (Figure 4.11). The highest costoe@mtof
households receiving public assistance is in Michigan, northern Maiege; N
Hampshire and Vermont (Figure 4.12). The area extending from southeyra@u
northeastward through southwestern Pennsylvania and into New Yorkasdsa high

percentage of households receiving public assistance.

Percentage of Households Headed by Females
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Figure 4.10 Choropleth Map showing percentage of householddéaby females. The highest
percentages occur in eastern counties, while Wisicomas the lowest percentages overall..
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Percentage of the Population Living Below the Poverty Level
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Figure 4.11 Choropleth Map showing percentage of the populalicing below the poverty level by
county. The highest percentages occur in mucheoéimtral and north east of the study area.

Percentage of Households Receiving Public Assistance

Figure 4.12 Choropleth Map showing percentage of householdsivew public assistance at the
county-level. The greatest concentration is shawthé northeastern counties.
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Based on these results the combination a high percentage akfesaded
households, high poverty levels and a high percentage of households receiving publ

assistance increases the risk of WNV infection.

Factor Four: Older Occupied Households

Two variables had high loading on factor four. These are: pegeemf
households that are occupied and median year built. Factor four hasabeb |
‘Older Occupied Households,” based on the high loadings associatedolagh
residences. Results show that areas of increased risk for Mébtion are located in
central and western lllinois, central Indiana and Pennsylvanidgmedsew York and

Massachusetts (Figure 4.13).

Older Occupied Households
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Figure 4.13 Choropleth Map of county-level factor scores fourties with Older Occupied housing.
Across the southern half of the study area are tesrwhere most of the older occupied housing is
located and have increased risk of WNV infection.
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The pattern is similar to that of the location of counties comigithie oldest
housing stock (Figure 4.14). The newest housing stock is found throughout &ichig
Wisconsin, Maine, Vermont and New Hampshire. Additionally there arkepoof
newer homes in Eastern Pennsylvania, as well as northeasteors |lhorthwestern

and southern Indiana and southern Ohio.

Median Year Housing was Built
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Figure 4.14 Choropleth Map showing median age of housing atctiinty level. The older housing
stock is concentrated in western lllinois, centtatiana, northwest and eastern Ohio, western
Pennsylvania and western New York.

Public Health Variables

The highest infection rates occur in the western part ofttlty rea (which
is less populated than the eastern portion), in comparison to thengast&on where
the virus was first detected (Figure 4.15). Infection rates tvgleest in western and

southern lllinois, eastern Indiana/western Ohio, western and southeaste
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Pennsylvania, western Wisconsin, eastern Michigan and southwestéra. Mae
highest infection rates were not always associated with the¢ heavily populated

counties.

West Nile Virus Cumulative Infection Rate by County, 1999-2005
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Figure 4.15 Choropleth Map showing cumulative infection ratetteg county level from 1999-2005.
Infection rates are highest in the western halthef study area, with the exception of one county in
western Maine. Over reporting of mild cases duetwmeased awareness on some years may explain
the pattern seen here.

Percentage of the population living in urban areas is highest from astéire
Pennsylvania into New Jersey, along the east coast nortmtasSoutheastern
Maine, in central and northeast lllinois, eastern Wisconsin, southemgdn, and
northeast Ohio, central Indiana and southwestern Ohio (Figure 4.16). Téwen ot
counties that are urban is similar to that of the percentage pbhdation living in

urban areas. Counties were considered urban when they had a urbanucordode
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of 1, 2 or 3 (USDA 2007). Of the 654 counties in the study area 296 (45/266%)

designated as urban for this research.

Counties that are Urban

- Urban County*
‘:l State
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i

§ *Counties were designated as urban if they had
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Figure 4.16 Choropleth Map showing counties designated as urld&mi26% of the counties in the
study area have been designated as urban.

In order to account for more of the variance among variablesdte &cores
for the four factors were regressed against the WNV infectitentna county. This
use of the model attempts to predict infection rates based orathar fscores.
County-level WNV infection rates were predicted from factor esagesulting from
the factor analysis of 21 selected socio-demographic variabhestotal N for this
sample was 654. Standard multiple regression was performeds thitpredictor
variables were entered in one step. The overall regressionnetastatistically

significant based on the results: R = 0.28=F0.08, adjusted &= 0.07, F (4, 649) =
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14.014, p < .001. The model was not particularly effective at predictiegtion
rates as only 7% of the variance in infection rates was aambuior by the
regression.

In order to account for more of the variance among variab&esalues of the
21 socio-demographic variables were regressed against the WiBidtion rate by
county. This was done as a means of determining statisticaficagice of the
individual variables. County-level WNV infection rates were prtedi using the 21
selected socio-demographic variables. The total N for tinpleawas 372 (counties
with an infection rate greater than zero). Standard multiplessgm was performed,;
that is all predictor variables were entered in one step. Thellokegeession was
somewhat statistically significant based on the results:0Ri4, B = 0.20, adjusted
R? = 0.15, F (21, 350) = 4.04, p < .001. This use of the model was more effsctive
predicting infection rates and explained 15% of the variance in infection rates.

The map of residuals (Figure 4.17) shows those counties having valués whic
are either above or below the expected values, where the ‘expecieds are
infection rates predicted by the regression equations. Mapping resrdlsds
provides a visual explanation how well the model did at predicting cdengy
infection rates. The red areas represent counties with low predictetonfietes and
high actual infection rates (positive residuals). Of all coumgpsrting human cases
20% are colored shades of red on the residuals map. Counties withepestouals
are concentrated mainly in the southwestern portion of the studyeammpassing
Wisconsin, lllinois, Indiana, Michigan, Ohio and Pennsylvania. These siédes

show the most variation in residuals. Blue areas represent cowvitledower
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infection rates than those predicted by the model (negative residuals). Of cthatties
reported positive human WNV infections 30% are had negative residDaés.
prediction of infection rates by the model occurred in more couttigés under
prediction. The grey areas represent counties where predictedoinfeates were
within one standard deviation of the mean. Fifty percent of courtesréported
positive human infections are shaded grey on the map of residu#tesk counties

the model achieved greater accuracy of prediction.

Linear Regression of Socio-Demographic Variables in SPSS

200
Miles
Source: calculated using SPSS

Figure 4.17 Choropleth Map of residuals from regression of éaanalysis. The pattern represented
highlights the Midland cultural region influenced lbhe mobility of the human population. Major
interstate transportation routes also seem to ifice the geographic pattern.

There is a high concentration of counties with negative residualsutiern

and western Indiana which extends northeast up into Maine. Postiduals are

70



associated with values higher than the mean, while negative esedtaaassociated
with values less than the mean. Less variation in either direitbonthe predicted

values represents a greater fit of the model.

Summary

From 1999-2005 WNV was detected in humans, birds, mosquitoes
animals in counties throughout the study area. Factor analysislexftesi socio-
demographic characteristics resulted in the identification cofr fcounty types
associated with high WNV infection rates. These are: 1) Eiducanhd Affluence in
Urban Areas, 2) Less Affluent Young Families, 3) Economically Déest, and 4)
Poverty Indicators. Different socio-demographic characteristiesassociated with
each county type, the factor names are reflective of variatilbs high positive
loadings. Linear regression and subsequent mapping of residuals supgddisat of
using socio-demographic variables as a means of predicting areareased risk of

WNV infection.
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Chapter 5: Survey Results: Local Level Findings

Introduction

To analyze the response of county-level public health officrathe state of
Ohio and to relate that response to the infection rate a survey af pahlth officials
was conducted. A copy of the questionnaire administered is included imdipi&
Aggregate responses are included in Appendix C.

In determining the possible response of public health officials tthtkat of
WNV, the number of WNV surveillance staff members was aedlyZhe number of
staff available to respond to WNV concerns may reflect theatyho respond
aggressively at the local level. The number of WNV surveillana# saried by
county with clusters of personnel with clinical degrees in the saght and east.
Staff members with degrees in epidemiology are mainly in saoutkeunties.
Clusters of counties with PhD or Masters degrees in relateticgs exist in the
southwestern area of the state. Clusters of clerical and athaiivie staff were
found mainly in the northeast, southwest and western states. Someaérpldor
this pattern may be provided by the location of state-levelesffic the southern part

of Ohio.

Surveillance is a most important activity as it allows publiltheofficials to
become aware when positive cases of the virus are presented thighicounty.
Surveillance activities include the reporting of WNV case dgtaounty and state
level health departments via the Arbovirus Surveillance NetworkodRET)

(O’Leary 2004). “ArboNET is a national reporting and informatiostegn managed
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by CDC'’s Division of Vector-borne Infectious Diseases in Fartlics, Colorado”
(Garvey 2006). Positive case data is reported for humans, birds, toesgand non-
human animals (horses). The USGS produces maps from this diata ave made
available for public use via the internet. This information can be tsdukgin

prevention and control methods where needed.

Control activities are those with the aim of reducing the numberosquito
vectors. Mosquito surveillance data is used to determine whemrtoentrate
activities related to reducing mosquito populations in a given argplicAtion of
pesticides to control the vectors can begin when the location ofveositsquitoes is
known. Larvicide is used to prevent larvae from maturing into adAdislticides are
used to treat areas where mature mosquitoes exist and areecapatgreading
disease.

Prevention methods include educating the public as to how they can meduce
minimize their risk of infection. These activities include edwureati materials or
messages regarding the use of DEET, and protective clothing to rédudsk of
being bitten by the vector. Other messages may promote theoficdmaiding the
outdoors at dusk and dawn, when most mosquitoes are active. Preverigagese
are also likely to include information regarding the eliminatiorcaritainers which

collect water and promote vector breeding in and around the home environment.

Results
The results indicate that local level public health officialsve begun
surveillance activities for WNV in humans, horses, birds, and mosquitebke 5.1).

Mosquito control in addition to prevention activities in the form of gaand TV
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Public Service Announcements (PSA’s) have also begun. Responses fram mos
counties indicate that surveillance activities are widespready-®ur percent of
respondents indicated human surveillance has been implemented. Equiikasceve

was reported by 31% of respondents. Avian surveillance is in pla&i% of
participating counties, and 71% of respondents indicated that mosquito anocesill

has been implemented for WNV. Mosquito control and radio or TV PSAs been

begun in 40% of responding counties.

Table5.1 WNV Activities Implemented by Local Level Public Health Officials

Activity N %
Human surveillance 37 64
Equine surveillance 28 31
Avian surveillance 47 81
Mosquito surveillance 41 71
Mosquito control 24 40
Radio or TV PSA 22 40

Source: Survey of Local Level Public Hedtfficials in the State of Ohio

Prevention messages have also been widely used (See Table 5.&)03the
commonly promoted messages are those suggesting the use ofba&EtiTproducts
(83%), peri-residential source reduction (67%) and personal preventidrodset
(88%). This pattern is consistent throughout the state. Those countiebatlea
modified messages for lower literacy and non-English speakingrazefi are mainly
located in the southern portion of the state (9%). Radio and TV PSAfe w

implemented mainly in the northern and western portions of the state (31%).
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Table 5.2 WNV Prevention Messages Used and Promoted by Local Level Public
Health Officials

Prevention M essage N %
Use of DEET-based repellents 48 83
Peri-residential source reduction 39 67
Personal protective measures 51 88
Notification of adulticiding activities 17 29
Modification of messages for lower literacy and non- 5 9
English speaking audiences
Radio PSA 18 31

Source: Survey of Local Level Public Hedtfiicials in the State of Ohio

Where surveillance is in place there is variation of the duratroong
counties (Table 5.3). With respect to human disease counties those countiesgollecti
surveillance data for 6 months or less are concentrated in the mopthet of the
state. Counties which collect human surveillance data formefiths are found
mainly in the southwest part of the state. Counties collecting hemragillance data
for 10 — 12 months are found mainly in the northern and western parts statbe
The few counties that reported surveillance for equine diseasenfmméhs or less
were mainly in the north, counties collecting equine data for 6-OQha@me mainly in
the west, while counties collecting the same data for 10 -12 momhdustered in
the north and south. The majority of counties collected avian suncalldata for at
least six months while only 2 counties collected data for 10-12 hwsoiihere is a
cluster of counties in the south collecting avian data for 7-9 moAtimsajority of
counties in the sample (69%) collect mosquito surveillance datse dwmunties are
spread around the state with no apparent pattern. Mosquito surveillaacardat

collected for 1-6 months in about three-fourths of the responding ceuftee
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counties that reported collecting mosquito data for 7-9 months clgstered in the

southern part of the state.

Table 5.3 Duration of WNV Surveillance measured in months

Type of Surveillance Number of months surveillance
N Average
Human disease 44 9
Equine disease 32 8
Avian mortality 50 6
Mosquito 43 5

Source: Survey of Local Level Public Health Offlsian the State of Ohio

Only five counties reported are using active surveillance foramupases.
This involves collecting blood samples to test individuals for WNAbst are
collecting primarily passive data (information regarding pesitiases that have been
reported). In most Ohio counties, a combination of active and passa/argabeing
collected. Passive surveillance is most common for equine sanasllamong
counties. Several counties use a combination of active and pasdivedmeOnly
four counties use primarily active surveillance methods for equseask. Active
surveillance is much more common for avian mortality.

When comparing the length of avian surveillance to infection cateslation
analysis resulted in a pearson coefficient of 0.130. Comparingrtgthlef mosquito
surveillance to human infection correlation analysis resultedp@aason coefficient
of 0.204. Comparing the length of human surveillance to human infection rates

correlation analysis resulted in a pearson coefficient of -0.08&. [ack of a
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significant positive correlation between length of surveillance iafettion rates
suggests that surveillance has no impact on infection rates. Witippropriate
surveillance system in place in 1999 and 2000, it is likely thatrugplating of
positive human WNV infections occurred. Beginning in 2001 increasing ausovir
surveillance throughout the study area and greater awareness ¥Wf alféng
clinicians is likely for overreporting of human WNV infection, esply in 2002.
This sequence of events may have an affect on the results wkidhased on a
cumulative infection rate for 1999-2005.

Based on the survey results there does seem to be some cababoeatveen
jurisdictions. For the areas of surveillance, prevention and control 88%
respondents indicated they collaborate with a particular city or county.

To examine the response of public health officials it was negegsalivide
counties into to groups: those counties with an infection rate gtbate zero and
those counties with an infection rate equal to zero. Twenty-four ceuh#id an
infection rate greater than zero, with an average of 2.8 WNV tesivmplemented
and 2.5 WNV prevention messages per county. Three counties with amomiadte
greater than zero did not implement WNV activities and three dignootote WNV
prevention methods. Thirty-three counties had an infection rate equeibtonath an
average of 3.5 WNV activities implemented and 2.8 WNV preventionagessper
county. Two counties with an infection rate greater than zero did rgenment
WNV activities and three did not promote WNV prevention methods. Tiessets
were also compared to the demographic responses of the respondectsurft@s

where the respondent was employed for more than fifteen yetirs present job the
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infection rates ranged from 0.04 — 0.35. The highest infection ratesassoeiated
with counties where respondents were in the current position for fifteem grelass.
With respect to length of employment in the present position thexreluster
of counties where the respondent has more than twenty years in thermguart of
the state, with a few counties in the western part of the.stunties where the
respondent was employed between fifteen and twenty years welg owancentrated
in the western part of the state. Those employed betweeantefifteen years are
mainly in the western part of the state. In the southern part itdle is the highest
concentration of those employed between five and ten years in tleatcpasition,
While those employed for 5 years or less are located throughowntire state.
ANOVA was used to determine the relationship between experiehcairvey
respondents and infection rates. Comparing infection rates to thegdgrhics of
survey respondents with ANOVA vyielded the following F valuesaré in current
position 2.28, gender 0.03, education 0.24, and age 0.55. Of these results, only years
in current position yielded an F value greater than 1. This suggesignificant
relationship between years in current position and the WNV infecate For
demographics with F values less than 1, there are no signifedationships between
these variables and county-level infection rates. More expedepablic health
officials have knowledge which makes them effective in obtainowget WNV
infection rates. Accessing the knowledge of experienced pubiidatéf and using
that information to train less experienced public health offiaals help to further
reduce WNV infection rates. What is it that they do know that pewle less

experience do not?
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Summary

A survey of local level public health officials in the Statke Ohio was
administered by mail to all 88 counties. The purpose of the survetowasasure the
response of public health officials to WNV. Sixty-six percenth& surveys were
returned. The number of staff members employed by each caurgggond to WNV
varied by county. Surveillance activities have been implementedaeimijority of
counties to detect WNV occurrence in humans, horses, birds and mosquitoes
Counties implemented mosquito control measures to reduce the number of
mosquitoes. Counties also implemented PSA’s to educate the publicym twa
reduce their risk of WNV infection. The most commonly used preventiessages
were related to the use of DEET-based products and personal proteetgeires.
Collaboration between jurisdictions for surveillance/prevention/comtas reported
by 38% of respondents. The 24 counties with infection rates grdsdar zero
implemented an average of 2.8 WNV activities and 2.5 prevention mesgsages
county. An average of 3.5 WNV activities and 2.8 prevention messages wer
implemented in counties with infection rates equal to zero. Infecates were
lowest in counties where respondents were employed for morefittesam years.
Analysis did not identify a significant relationship between couewgll infection
rates and type of surveillance, or between the length of asra€mosquito
surveillance. However, some correlation between human surveillanceoanty-

level infection rates has been identified.
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Chapter 6: Discussion of Research Findings

Introduction

Results of the Survey of Public Health Officials in the statéOhio were
presented in the previous chapter. In this chapter | will discussndaming and
implications of the findings. Three questions guided this resedreh,are: 1) Can
socio-demographic characteristics be identified and related tarheases of WNV
infection? 2) Is there a particular type of county that is marquiently associated
with cases of WNV? 3) Is the response by public health offi@athe county level
appropriate relative to their perception of the threat posed by ViNVheir
jurisdictions?

Can socio-demographic characteristics be identified and related to human
cases of WNV infection?

Earlier research suggests that a relationship exists betveeveral
demographic variables and the spread of WNV (Han et al. 1999, Ruliz 2§04,
Ruiz et al. 2007). This research confirmed earlier findings rmespect to the United
States. In particular, | found the following socio-demographic chaistats to be
positively linked to higher WNV infection rates: educationaliattent, age of the
population, poverty levels, and age of housing. Socio-economic variablesisedoe
in discriminating between high moderate and low infection ratelsshowed modest

capabilities of estimating actual rates.
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Is there a particular type of county that is more frequently associaiiéd
cases of WNV?

Earlier research identified a positive relationship between imsbzvasr areas
and higher disease rates during studies of dengue fever al@egUnited
States/Mexico border (Reiter et al. 2003) and St. Louis Enceaphalithe United
States (Chamberlain 1980). Similarly research on WNV in Ra@ian et al. 1999)
and Russia (Hubalek 2000) report a relationship between impoverishas and
disease rates. Very little data have been published regarding ¥fid socio-
demographic characteristics. However, a recent report companagonmental
conditions and socio-demographic characteristics identified thoemtyc types
associated with WNV infections related to housing age, income ardmrraChicago
(Ruiz et al. 2007). The study here included an analysis of 21-deniographic
variables and identified a relationship between socio-demografriables and
WNYV infection rates. It also identified four county types whiek positively linked
to higher infection rates: 1) educated and affluent urban countiesuBjies with
less affluent young families, 3) economically dependent couritkg acounties with
older occupied housing.

Is the response by public health officials at the county level apprepriat
relative to their perception of the threat posed by WNV in their jurisdictions?

Previous research found public health officials have well developed
surveillance and control programs (CSTE 2005). This research found talakehs
public health officials have in Ohio responded to WNV by implemgntirograms

related to surveillance, control and prevention. Based on the resulgvirectivities
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and programs have been implemented by the majority of respondingesoduirite
implication is that county-level public health officials perceW®V as a threat to

local populations.

Contributions of This Research

An earlier report by the CDC suggested the identification séatie risk
factors as a means of preventing future infections (CDC 2003r Afl years of
experience with WNV in the United States future risk facttudiss are still
considered a priority by the CDC (Nasci 2009). As WNV is now clamed endemic
in the United States periodic outbreaks are to be expected (Komar Ri§lOjactors
have been analyzed to identify four county types with an incraasedor WNV
outbreaks.

More importantly, a relationship between experienced public healitiabdfi
and lower WNV infection rates has been identified. The important nvzton
gathered by disease surveillance alerts public health offigalthe presence of
disease agents. This knowledge is necessary in order to nertimeizffect on human
populations. Safeguarding the health of human populations is the objettikis
research. The most important means of achieving that objectii® isetain
experienced public health workers. Policy implications of theseltsessuggest
increased education for public health officials, especially encenragt of more
experienced workers to share their knowledge and experiencekesgthxperienced

workers.
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Three levels of analysis were necessary to answer the researttbrgues

Level one: Diffusion of WNV across the Northeastern United States

The first level of analysis used CDC and USGS data to coeatety-level
GIS maps which show the spread of WNV across the 14 statée istudy area.
WNYV infection in birds is more widespread than in humans. Someasityilin
clustering of avian infection and human cases is also observed.

Level Two: Analysis of County-level Socio-demographic Variables

This level of analysis answered the first two researchtigmss Part one of
this level identifies county types associated with higher WhIdtion rates within
the study area. Part two of this level identifies errors poriari classification of
counties based on infection rates with discriminant analysis.

Research Question 1: Can socio-demographic characteristicem@ied
and related to human cases of WNV infection?

Hypothesis 1: Risk factors will vary by location.

It is possible to identify socio-demographic characterighes are related to
human cases of WNV infection. This was achieved by using faotdysis. By using
selected variables taken from census data, it was possilderttify characteristics
which are associated with WNV infection. Socio-demographic chaistate can be
used as risk factors as a means of predicting areas witere butbreaks could
occur. Analysis of 21 socio-demographic variables selected ¢emsus data were
reduced to five factors. These five factors accounted for 78.45%ri@nce in the
dataset. Urban (factor 1, accounted for 33.36% of the variance, Ecafigmic

Dependent (factor 2) accounted for 21.21% of the variance, Povertytbrdi¢factor
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3) accounted for 11.17% of the variance, Older Occupied Households #actor
accounted for 7.00% of the variance. The descriptive names for theatdarsf are
associated with particular counties in the study area. In essecanalysis has
identified socio-demographic characteristics which facilitheespread of WNV and
may be considered risk factors for WNV infection.

Research Question 2. Is there a particular type of countyighenore
frequently associated with cases of WNV?

Hypothesis 2: Specific risk factors can be identified thatteelo cases of
WNV neurological disease.

Hypothesis 3: Socio-demographic characteristics can be used to goraduc
classification of counties.

This analysis identified four types of counties associatedWNY infection.
Counties with a population that is educated and affluent, less affluéntyoung
families, having high levels of poverty, low percentages of whisdeats and
consisting of older housing stock facilitate the spread of WNV. €fbes,
communities with large numbers of elderly, areas with low depaydeatios, and
high percentages of white residents in the population contributeolélss tiffusion
of WNV. Age of housing, percentage of residents that were “Whatgd,low income
have previously been included in variables accounting for much of trengarin an

earlier study which also used factor analysis (Ruiz et al. 2007).
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Level Three: Survey of Local Level Public Health Officialghe State of
Ohio

Research Question 3: Is the response by public health officials at the county
level appropriate relative to their perception of the threat posed by WNV in their
jurisdictions?

Hypothesis 4: Public health officials are responding to the threat of WNV in
accordance with their perception of the disease as a local threat.

County-level public health officials have implemented a vaoétyrevention
and control measures to reduce the public’s risk of WNV infection.eBlamnce has
been implemented at the county-level to identify the presence of.\8hirveillance
measures are now in place to detect WNV occurrence in humans, dvdls
mosquitoes by 64%, 81% and 71% of responding counties respectively. Mosquito
control activities and radio or TV PSAs have also been implementtae aounty
level. This suggests that public health officials perceive Wd¢$Va threat to local
populations.

Hypothesis 5: Socio-demographic characteristics of the survpgn@snts
influenced their perception of the risk presented by WNV.

One of the most important findings of the research was the phéétth
officials own ideas about the greatest obstacle to prevertenggread of WNV in
their jurisdictions. General consensus is that more resources d amailable to
properly combat this pathogen. More staff and funds to pay workers andigrovi
support for every aspect of surveillance, prevention and control amaedee

necessary. Specifically, there is a great need for personirekpécialized training.
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The support and encouragement of public health organizations is needa@db att
individuals into academic fields that will prepare them for itiders disease

epidemiology which is crucial to the field.

Summary of Findings

The primary question asked by this research was “Can sociogiaphic
characteristics be considered risk factors for neurologicahsksdue to West Nile
Virus?” Based on the results of this research, the answesisSocio-demographic
characteristics identified as risk factors include: highagyehousehold size, a high
percentage of the population under the age of 18, high percentagepaiptilation
living in poverty, high percentage of households receiving public assest older
housing stock and a high percentage of the population over age 25 vatagess
degrees. In response to the question “Is there a particulaotyjmeinty that is more
frequently associated with cases of WNV?” analysis yieldlecbunty types. The
counties have been designated as: Education and Affluence in Aréas, Less
Affluent Young Families, Economically Dependent and Older Occupied Housing.

Questions regarding the public health response were also addreidsed. F
eight completed surveys were returned of the eighty-eight dnaépresenting a 66%
response rate. The high response rate could be attributed to ttreafebe topic was
of importance to the respondents. Survey responses were analyzedver Hres
guestion “Have public health officials implemented programs in resptingbe
occurrence of neurological disease due to WNV?” The answeyegapublic health

officials did implement new programs in response to WNV.
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Socio-demographic characteristics of the respondents did not seem to
influence their perception of the risk presented by WNV. Thiketyl due to the fact
that the survey respondents may not have been the individuals respdmsithie
initial response to the disease agent. Additionally, local legponse may have been
dictated by resource availability as opposed to the perceived.ti@egorisingly,
length of time in the current position was more closely reletedwer infection rates
than length of surveillance. This suggests that more experienced paalith
workers likely have some knowledge or experience which was @aoe rknown
through the survey.

The model used in this research does not take into account environmental
factors which could have an effect on the arthropod vector and avian halstepAd
numbers can fluctuate due to weather conditions. Dispersal of avian hosttsmbg
related to environmental conditions. A sufficient number of competentrgeanhd a
number of viremic avian hosts avian hosts when found in areas witkothe-
demographic characteristics associated with the four types ofie®unhentified here

will facilitate the spread of WNV among human populations.

Future Research

Conducting analysis using the same 21 variables using for akdJ6Gitates
counties would provide a more conclusive analysis regarding theofos®cio-
demographic variables. The identification of socio-demographic deasdics or
combinations of characteristics not included in this analysiskgactors for WNV
infection could also be addressed in further research. Such informatidd add

another dimension to identifying areas to focus prevention methods. fattestial
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research could also examine census data in conjunction with envirohfaetues.

Comparing rural areas to urban areas was outside the scdps dissertation. This
type of comparison would identify characteristics specific itbee urban or rural
communities also provide data useful to public health officials inptegention of
human WNV disease. A similar study could be conducted in responsevily

emergent diseases.

Personal growth in intellect addition to growth within the disogplihas
increased my own understanding of the limitations of this rese@hehsurvey tool
may not adequately address the hypotheses. Therefore, refinemtre strvey
instrument to more directly relate to the hypotheses would liield more specific
results. This would allow the opportunity to address the smaller qneshat lead us
to the bigger one. Future research could ask more open-ended questionstaddi
in person or by phone, to more accurately assess the perceptions iof haatth

officials.
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Appendix A

Variable How Variable Was Calculated

INFRATE Number of human cases reported / Total population * 10000
TOTPOP Total population

%>65 Population 65 years and over/Total population

%UND18 (Under 18: Male + Under 18: Female) / Total Population

%WHITE Total white population/Total population

%FORBORN Total population foreign born / Total population

%>16WORK Workers 16 years and over/Total population

%WORK>16FEM Female workers 16 years and over/Total population

%>25HS [Population 25 years and over: Male; High school graduate

(includes equivalency) + Population 25 years and over: Female;
High school graduate (includes equivalency)] / (Population 25 years
and over: Male + Population 25 years and over: Female)

% >25 ASSOCDEG

[Population 25 years and over: Male; Associate degree + Population
25 years and over. Female; Associate degree] / (Population 25
years and over: Male + Population 25 years and over: Female)

%>25 BACHDEG

[Population 25 years and over: Male; Bachelors degree +
Population 25 years and over: Female; Bachelors degree] /
(Population 25 years and over: Male + Population 25 years and
over: Female)

% >25 GRADDEG

[Population 25 years and over: Male; Graduate degree + Population
25 years and over: Female; Graduate degree] / (Population 25
years and over: Male + Population 25 years and over: Female)

%BELPOV Population for whom poverty status is determined: Income in 1999
below poverty level / Total Population

%HHPUBAS Households with public assistance as income / Total number of
households

%POPURB Total population urban / Total population

URBAN Urban rural continuum code of 1, 2 or 3

MED99INC Median household income in 1999

MEDYRBLT Median Year Housing Built

%FEMHH Female Householder: No husband present / Total Households

AVGHHSZ Total population in households / Total number of households

%OCCHH Housing Units Occupied: Total / Housing Units Total

%RENTOCC Occupied Units; Renter occupied / Occupied housing units
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Survey of Local Level Public Health Officials in the State of Ohio

Appendix B

Definitions:

‘Your agency’
‘Your program’

Please respond for activities, data and cases that occurred in calen@fOgeanless
otherwise noted.

‘Your jurisdiction’ = your county (or city, as applicable)

= the county (or city health dept.)

= the county (or city) WNV or infectious diseq

program

‘WNV Surveillance program’ = the program within your agency

= public education, elimination of mosquito
breeding sites, etc.

= application of adulticide and larvicide to

‘Prevention’

‘Control’

reduce number of adult and larval mosquitog

Se

State:

Respondent’s Title:

County or City:

1) Indicate below the number of (West Nile Virus (WNV) surveillance shaifing

2005 — both epidemiology and laboratory — from all funding sources based on

highest professional degree. These are mutually exclusive categopless
each staff person in only one column:

# with # of all other
DVM, # with PhD clerical,
MD/DO, # with PhD, or Masters | administrative
RN or other| DrPH, MSPH,| degreein and
Health Dept. clinical MPH degrees related programmatig
Employees degrees in sciences staff
epidemiology
1.0 FTE
0.50-0.99 FTE
<0.50 FTE
Contractors
1.0 FTE
0.50-0.99 FTE
<0.50 FTE
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2)

3)

4)

5)

6)

7)

Does the county/city health department have adequate accessdioalm
entomologist(s):

= within the public health agency YES NO
-If yes, did your agency also have this access in 1999? YES
NO

= through contract or other formal arrangement with a local c®lleg
university? YES NO

-If yes, did your agency also have this access in 19997 YES
NO
Does the county health department have adequate access tsexpewrildlife
biology within a county (city) agency? YES NO

-If yes, did your agency also have this access in 1999? YES
NO

Does the county/city health department have a designated puldith he
veterinarian within your agency? YES NO

-If yes, did your agency also have this access in 1999? YES
NO

Has WNV activity been detected in your jurisdiction (human, equamgn,
mosquito)? YES NO

Please enter the number of human cases reported in your jurisdicticar by ye

Number of Human Cases By Y ear
1999 2000 2001 2002 2003 2004 2005

How would you characterize the number of human cases of infdctioyour
jurisdiction by year after it was first detected?

1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005

“‘HIGH”

‘MODERATE”

‘LOW”
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8) a. Please complete the following table concerning the durationre¢ikance
during the year:

Type of Surveillance Indicate # of months of surveillance
Human disease

Equine disease
Avian mortality
Mosquito

b. What type of surveillance is used in your jurisdiction fonefk most
applicable box):

Type of Combination of

Surveillance Primarily Active | Activeand Passive | Primarily Passive
Human disease

Equine disease
Avian mortality

9) For human West Nile neuroinvasive disease surveillance in 2005:
a. Did your agency require reporting of:
- Hospitalized encephalitis cases of unknown etiology?
YES NO

- Hospitalized meningitis cases of unknown etiology?
YES NO

b. Did your agency implement a laboratory-based surveillancensytst report
CSF specimens positive for arboviral infection?
YES NO

10) Did your program use the CDC/CSTE National Public Health/é8lance
System (NPHSS) case definition for neuroinvasive diseasea$sifyl cases as
confirmed or probabler did you use another case definition in your jurisdiction?

CDC/CSTE NPHSS case definition used exclusively
A modified case definition specific to your jurisdiction

11)For equine West Nile disease surveillance in 2005:

a. Did your agency have a system in place for reporting cale=juine
neurologic disease to the state health department from vetensari
veterinary diagnostic labs or other agency labs?

YES NO DON'T KNOW
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b. If yes, were specimens submitted for diagnostic testing for:

WNV? YES NO DON'T KNOW
Other arboviruses? YES NO DON'T KNOW
Rabies? YES NO DON'T KNOW

c. How many equine specimens were tested in the public health laboratory fo
WNV? YES NO DON'T KNOW
Other arboviruses? YES NO DON'T KNOW
Rabies? YES NO DON'T KNOW

d. Were temporal-geographic clusters (2 or more cases) of egeurelogic
disease reported to your agency? YES NO

e. If yes, how many clusters were reported?

f. If yesto (d), did your program or any county agency invastithe clusters to
determine the cause of the illness? YES NO

g. If yes to (d), what was the median interval in days fthendate the cluster
was defines as such and reported to your program (or anothen wathr
agency or another state agency) until the investigation began (=@
days; next day=1 day, etc.)

12)For avian West Nile Virusinfection surveillancein 2005:

a. Did your agency establish and maintain a database of dead bird si@htings
YES NO

b. If yes, were specimens submitted for diagnostic testing for WNV?
YES NO

c. If yes to (b), did your agency have a policy in placedi&ermining which
avian specimens and how many avian specimens to test?

13) For mosquito-based West Nile Virus surveillance in 2005:
a. Does your agency collect information about mosquito surveillance?
YES NO

If no to guestion 13a, please skip to question 14

b. Approximately what percentage of the human population in your jcbisdi
is covered by mosquito surveillance?
% DON'T KNOW
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c. Does your agency or any other agency within your jurisdiction conduct
Adult mosquito surveillance? YES NO
Larval mosquito surveillance? YES NO

d. For how many trap-nights were adult mosquitoes collect2aDbf?
# TRAP-NIGHTS DON'T KNOW

e. Concerning mosquito speciation when testing for WNV, does ageincy
receive reports from local laboratories and/or does your publidthhea

laboratory identify the species? YES NO

f. Does your agency either calculate minimum infectioresratvith your
mosquito data or receive such data? YES NO

g. Does your agency map larval breeding sites? YES NO

h. does your agency evaluate adult mosquito control using caged mostmitoes
measure kill rates in sprayed areas? YES NO

I. Does your agency monitor for pesticide resistance? YES NO

14) Which of the following WNV activities have been implemented woury
jurisdiction? (check all that apply) Please include the yearatttevity was

implemented:
O Human Surveillance YEAR
O Equine Surveillance YEAR
O Avian Surveillance YEAR
O Mosquito Surveillance  YEAR
O Mosquito Control YEAR
O Radio or TV PSA YEAR

15) Which of the following WNV prevention messages does your progranancs
promote? (check all that apply)

O Use of DEET-based repellents
Peri-residential source reduction
Personal protective measures
Notification of adulticiding activities

Modification of messages for lower literacy and non-English speaking
audiences

Radio PSA

Oo0Oo0oano

|
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16) Do you collaborate with adjacent counties/cities for the follgwactivities
related to mosquito vectors of WNV?

Adjacent Cities Adjacent Counties
Activity YES NO YES NO
Surveillance
Prevention
Control

a. Is there a particular city or county where you collabaraist in regard to
WNV? If so, please name it

17) Has WNV funding enhanced your agency’s capacity to conductillamge for
other vector-borne diseases?

a. Other mosquito-borne YES NO
b. Other tick-borne YES NO
c. Other flea-borne YES NO

18) What has been the total agency budget by year for WNV related activities?

Y ear 1999 2000 2001 2002 2003 2004 2005
Budget

19) What was the percentage of your budget spent for the following Véhied
activities within your jurisdiction?

Year | 1999 2000 2001 2002 2003 2004 2005
Activity
Surveillance % % 9 9 % % %
Prevention % % 9 9 % % %
Control % % % % % % 9
Total

20) In 2005 what was the median interval in days between the date that & WN
positive dead bird was collected and the date that positive laboratrls on
that bird were reported to the WNV surveillance program? DAYS
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21) In 2005 what was the median interval in days between the date tWAN\4-
positive human specimen was collected and the date that positivattalgor
results were reported to the WNV surveillance program? DAYS

22) In 2005 for cases of human disease that were ultimately determindmk to
probable/confirmed, what was the median interval in days between tineofda
onset of the case and the date that the case was reported onEAfON

DAYS

23) In2005 in order to count a case as confirmed or probable, did your agency require
confirmation of commercial-lab-positive specimens by your publicltihea
laboratory or a diagnostic reference laboratory?

Human specimens YES NO
Bird specimens YES NO
Mosquito specimens YES NO

24) Were out-of state laboratories required to report positive W&§ié on specimens
collected within your jurisdiction?

Human specimens YES NO
Bird specimens YES NO
Mosquito specimens YES NO

25) What is the capacity of the public health laboratory in yousdigiion? (check
all that apply):
BSL 2
BSL 3
Animal BSL 3

26) Which agency or organization is responsible for mosquito control in your county?

27)Do you collaborate with adjacent counties/cities for the foligwactivities
related to mosquito vectors of WNV?

Adjacent Cities Adjacent Counties
Activity YES NO YES NO
Surveillance
Prevention
Control
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28) What has been the biggest obstacle in responding to WNV in your jurisdiction?

Please circle the socio-demographic characteristics that bgstifidescription:

How many years have you been employed in your present job?

5yrs or less

5-10 yrs

10-15 yrs

15-20

More than 20 years

apbhwnN Bk

What is your gender?

1 MALE
2 FEMALE

Highest level of education you have attained?

1 NO FORMAL EDUCATION

2 HIGH SCHOOL

3 SOME COLLEGE

4 GRADUATE/PROF DEGREE

Current age?

18-24
25-34
35-44
45-54
55-64
65 OR OLDER

U WNPE

That completes the survey, thank you for your time and cooperation.
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Appendix C

State:

Respondent’s Title:

County or City:

N=58 (100%)

Sanitarian 8 (13.8%)
Administrator 1(1.7%)
Director Env. Health 36 (62.1%)

Emergency Preparedness Coordinator 2 (3.4%)
Assistant Health Commissioner 2 (3.4%)
Program Mgr. 2 (3.4%)

Director 1(1.7%)

Director of Nursing 3 (5.2%)

Disease Surveillance Specialist 1(1.7%)
Epidemiologist 1(1.7%)

Mosquito Program Coordinator 1(1.7%)

1) Indicate below the number of (West Nile Virus (WNV) surveillancd staing

2005 — both epidemiology and laboratory — from all funding sources based on

highest professional degree. These are mutually exclusive categopless

each staff person in only one column:

# with DVM, # of all other

MD/DO, RN or # with PhD or clerical,

other clinical # with PhD, Masters degree | administrative and

degrees DrPH, MSPH, | in related programmatic
Health Dept. MPH degrees in| sciences staff
Employees epidemiology

N Median | N | Median N Median | N Median

and range and range and range and range

1.0 FTE 13| 2(1-5) 5/ 1(1-3) 8 1(1-4) 28 2 (1-32
0.50-0.99 FTE| 3 2 (2-3) 0] NA 1 1 (NA) 6 1.5 (7-7
<0.50 FTE 8 1 (NA) 6| 1(NA) 4 1 (NA) 17 1(1-5)
Contractors
1.0 FTE 0 NA 0| NA 0 NA 0 NA
0.50-0.99 FTE| O NA 0| NA 0 NA 0 NA
<0.50 FTE 0 NA 2 | 1(NA) 0 NA 3 1 (NA)

98




2) Does the county/city health department have adequate accessdioalm
entomologist(s):

= within the public health agency YES NO
= N=58, Y=20 (30%)
-If yes, did your agency also have this access in 1999? YES NO

- N=26, Y=12 (50%)

= through contract or other formal arrangement with a local c®lleg
university? YES NO
= N=52, Y=6 (10%)

-If yes, did your agency also have this access in 1999? YES NO
- N=13, Y=4 (30%)

3) Does the county health department have adequate access tsexpewildlife

biology within a county (city) agency? YES NO
N=58, Y=34 (60%)
-If yes, did your agency also have this access in 1999? YES NO

- N=35, Y=27 (80%)

4) Does the county/city health department have a designated puldith he
veterinarian within your agency? YES NO
N=58, Y=12 (20%)

-If yes, did your agency also have this access in 1999? YES NO
- N=20, Y=10 (50%)

5) Has WNV activity been detected in your jurisdiction (human, equam@n,
mosquito)? YES NO
N=56, Y=53 (90%)

6) Please enter the number of human cases reported in your jurisdicticar by ye

Number of Human Cases By Y ear

1999 2000 2001 2002 2003 2004 2005
N=16 N=16 N=20 N=34 N=38 N=27 N=114
range range range range range range range

0 0-1 0-1 0-441 0-108 0-12 0-12
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7) How would you characterize the number of human cases of infdotioyour
jurisdiction by year after it was first detected?

1999 2000 2001 | 2002 2003 | 2004 2005
“HIGH” 9(30%) | 2(10%)
“MODERATE” 1(10%) | 4(10%) | 8(20%) 5(10%)
“LOW” 17(100%)| 17(100%) 18(90%) 18(60%) 27(70%)  32(10098)(90%)

8) a. Please complete the following table concerning the durationregilkance
during the year:

Type of Surveillance I ndicate # of months of surveillance
Human disease N=44 Avg=9

Equine disease N=32 Avg=8

Avian mortality N=50 Avg=6

Mosquito N=43 Avg=5

b. What type of surveillance is used in your jurisdiction fonefk most
applicable box):

Combination of
Type of Primarily Active | Activeand Passive | Primarily Passive
Surveillance N=22 N=51 N=86
Human disease N=5 (9%) N=17 (32%) N=31 (58%)
Equine disease N=4 (8%) N=8 (16%) N=38 (76%)
Avian mortality | N=13 (23%) N=26 (46%) N=17 (30%)

9) For human West Nile neuroinvasive disease surveillance in 2005:
a. Did your agency require reporting of:
- Hospitalized encephalitis cases of unknown etiology? _ YES __ NO
-N=53, Y=42 (79%)

- Hospitalized meningitis cases of unknown etiology? YES __ NO
- N=53, Y=43 (81%)

b. Did your agency implement a laboratory-based surveillancensytst report
CSF specimens positive for arboviral infection? YES NO
N=54, Y=21 (40%)
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10) Did your program use the CDC/CSTE National Public Health/é8lance
System (NPHSS) case definition for neuroinvasive diseasea$sifyl cases as
confirmed or probabler did you use another case definition in your jurisdiction?

N=40

_36(90%) CDC/CSTE NPHSS case definition used exclusively
4 (10%) A modified case definition specific to your jurisdiction

11)For equine West Nile disease surveillance in 2005:

a. Did your agency have a system in place for reporting cakesjuine
neurologic disease to the state health department from vetensari
veterinary diagnostic labs or other agency labs?

N=56 _24 (40%)___ YES 20 (40%) NO 12 (20%)_DON'T
KNOW

b. If yes, were specimens submitted for diagnostic testing for:
WNV? N=22 16 (73%) YES _4(18%) NO _2 (9%) DON'T KNOW
Other arboviruses? N=20 _7(35%) YES 5 (25%) NO @) 4DON'T
KNOW
Rabies? N=20 12 (60%) YES _4(20%) NO _4(20%)__ DON'T KNOW

c. How many equine specimens were tested in the public health laboratory fo
WNV? YES NO DON'T KNOW
N=6, 27 specimens, avg=4.5, range 1-11

Other arboviruses? YES NO DON'T KNOW
N=2, avg=2, range=NA

Rabies? YES NO DON'T KNOW
N=3, avg=9, range=3-20

d. Were temporal-geographic clusters (2 or more cases) of egeunrelogic
disease reported to your agency? N=48 5(10%) YES 43 (90%) NO

e. If yes, how many clusters were reported? _ N=4, Avg=1, range=(0)1-3

f. If yesto (d), did your program or any county agency invastithe clusters to
determine the cause of the illness? N=5 _ 1(20)__YES NO

g. If yes to (d), what was the median interval in days fthendate the cluster
was defines as such and reported to your program (or anothen wathr
agency or another state agency) until the investigation began (=@
days; next day=1 day, etc.) N=0
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12)For avian West Nile Virusinfection surveillancein 2005:

a. Did your agency establish and maintain a database of dead bird si@htings
N=58 52 (90%) YES NO

b. If yes, were specimens submitted for diagnostic testing for WNV?
N=52 _49(94%) YES NO

c. If yes to (b), did your agency have a policy in placedi&termining which
avian specimens and how many avian specimens to test?
N=40, Y=39 (98%)

13) For mosquito-based West Nile Virus surveillance in 2005:
a. Does your agency collect information about mosquito surveillance?
N=58 _ 40 (69%) YES NO

If no to guestion 13a, please skip to question 14

b. Approximately what percentage of the human population in your jcbisdi
is covered by mosquito surveillance?

N=40 _66.4% mean % 19 (48) DON'T KNOW

c. Does your agency or any other agency within your jurisdiction conduct
Adult mosquito surveillance? N=49 _ 39 (80) YES NO
Larval mosquito surveillance? N=47 18 (38%) YES NO

d. For how many trap-nights were adult mosquitoes collect2@DBbf?
N=43 _Mean=1988# TRAP-NIGHTS Range=0-54579 _14 (33%)_DON'T KNOW

e. Concerning mosquito speciation when testing for WNV, does ageincy
receive reports from local laboratories and/or does your publidthhea
laboratory identify the species? N=45 38 (84%) YES 7 (16%)_NO

f. Does your agency either calculate minimum infection srateth your
mosquito data or receive such data? N=47 _10(21%) YES _37(79%)_NO

g. Does your agency map larval breeding sitd¢247 _18(38%)_ YES
_37(79%)_NO

h. does your agency evaluate adult mosquito control using caged mostuitoes
measure kill rates in sprayed areas? N=47 _4 (9%)_YES _43 (91%) NO

I. Does your agency monitor for pesticide resistani¢e®”7 1 (2%) YES _46
(98%)_NO
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14) Which of the following WNV activities have been implemented oury
jurisdiction? (check all that apply) Please include the yearattievity was
implemented:

O Human Surveillance N=37 (64%) YEAR _N=31 Median=2000___

O Equine Surveillance N=18 (31%) YEAR _N=14 Median=2002___
O Avian Surveillance N=47 (81%) YEAR _N=43 Median=2001___
O Mosquito Surveillance N=41 (71%) YEAR _N=38 Median=2001__
O Mosquito Control  N=23 (40%) YEAR N=19 Median=1999
O Radio or TV PSA N=22 (40%) YEAR _N=19 Median=2000___

15) Which of the following WNV prevention messages does your progranancs
promote? (check all that apply)
O Use of DEET-based repellents  N=48 (83%)

O Peri-residential source reduction N=39 (67%)

O Personal protective measures N=51 (88%)

O Notification of adulticiding activities N=17 (29%)

O Modification of messages for lower literacy and non-English spgaki
audiences N=5 (9%)

O Radio PSA N=18 (31%)

16) Do you collaborate with adjacent counties/cities for the follgwactivities
related to mosquito vectors of WNV?

Adjacent Cities Adjacent Counties
YES NO YES NO
Activity N=53 N=55
Surveillance 16 (30%) 12 (22%)
Prevention 18 (34%) 9 (16%)
Control 14 (26%) 9 (16%)

a. lIs there a particular city or county where you collabaragst in regard to
WNV?
If so, please name it __ N=22 (38%)

17) Has WNV funding enhanced your agency’s capacity to conductilamge for
other vector-borne diseases?

a. Other mosquito-borne N=49 _7(14%)___ YES NO
b. Other tick-borne N=49 _4 (8%) YES NO
c. Other flea-borne N=49 _2 (4%) YES NO
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18) What has been the total agency budget by year for WNV related activities?

Y ear

1999
N=18

2000
N=21

2001
N=21

2002
N=27

2003
N=29

2004
N=30

2005
N=31

Budget

19) What was the percentage of your budget spent for the following Véhied
activities within your jurisdiction?

Y ear 1999 2000 2001 2002 2003 2004 2005
Activity
Surveillance % % 9 % % % %
Prevention % % 9 % % % %
Control % % % % % % 9
Total | N=17 N=18 N=22 N=23 N=25 N=25 N=27

20) In 2005 what was the median interval in days between the date that & WN
positive dead bird was collected and the date that positive laboratrls on
that bird were reported to the WNV surveillance program? DAYS
N=34, Mean=17.5, Med=14, Min=2, Max=90

21) In 2005 what was the median interval in days between the date tWAN\4-
positive human specimen was collected and the date that positivattalgor
results were reported to the WNV surveillance program? DAYS
N=16, Mean=7.08, Med=0, Min=0, Max=18

22) In 2005 for cases of human disease that were ultimately determindmb to
probable/confirmed, what was the median interval in days between tinefda
onset of the case and the date that the case was reported on AfPboNE

DAYS

N=5, Mean=8.8, Med=0, Min=0, Max=28
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23) In2005 in order to count a case as confirmed or probable, did your agency require
confirmation of commercial-lab-positive specimens by your publicltihea
laboratory or a diagnostic reference laboratory?

Human specimens N=40 _ 28 (70%) YES NO
Bird specimens N=44 _ 33(75%) YES NO
Mosquito specimens N=39 _ 27(69%) YES NO

24) Were out-of state laboratories required to report positive W&§té on specimens
collected within your jurisdiction?

Human specimens N=38 _ 17(45%) YES NO
Bird specimens N=36 _ 9 (25%) YES NO
Mosquito specimens N=35 _ 9 (26%) YES NO

25) What is the capacity of the public health laboratory in yousdigiion? (check
all that apply): N=7
__6(86%) BSL 2
BSL 3
_1(14%)  Animal BSL 3

26) Which agency or organization is responsible for mosquito control in your county?
N=51 (88%)

27)Do you collaborate with adjacent counties/cities for the foligwactivities
related to mosquito vectors of WNV?

Adjacent Cities Adjacent Counties
YES NO YES NO
Activity N=39 N=41
Surveillance 16 (41% 9 (22%)
Prevention 14 (36% 6 (15%)
Control 12 (32% 4 (10%)

28) What has been the biggest obstacle in responding to WNV in your jurisdiction?
N=51 (88%)
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Please circle the socio-demographic characteristics that bgstifilescription:

How many years have you been employed in your present job?

abrhwnN -

5yrs or less

5-10 yrs

10-15 yrs

15-20

More than 20 years

What is your gender?

1
2

MALE
FEMALE

Highest level of education you have attained?

1

2
3
4

NO FORMAL EDUCATION
HIGH SCHOOL

SOME COLLEGE
GRADUATE/PROF DEGREE

Current age?

U WNPE

18-24
25-34
35-44
45-54
55-64
65 OR OLDER

That completes the survey, thank you for your time and cooperation.
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Glossary

A priori — Classification made without examining the variables.
Active surveillance — Collection of blood and tissue samples to test for viraliamfec

Arbovirus (Atthropod_Bane Virug — viruses which require an intermediate arthropod
host to spread to susceptible vertebrate hosts.

Arthropod — Segmented, invertebrate animals that have exoskeletonsgplonie
phylum Arthropoda. This includes mosquitoes and other insects which act as
intermediate hosts and spread viral diseases.

Culex pipiens- The most common mosquito vector for WNV in the northeastern US.
This species normally feeds on birds, but some urban strains fedity ren
humans.

Epidemic — The occurrence of an iliness in a given area, in®ertegat is normally
expected.

Encephalitis — Brain inflammation resulting from viral infection.
Febrile — Fever, usually associated with encephalitis due to WNV infection.
Meningitis — Inflammation of the, caused by a viral infection.

Meningoencephalitis — Inflammation of the membranes coveringrtie and spinal
cord, as well as the brain due to viral infection.

Passive surveillance — Collection of data from clinicians, reggrpositive cases of
WNV.

Peri-residential — In or around the home environment.

Rural — Areas (counties) having an urban continuum code greater than 3.

Sentinel — The first indicator of viral activity used to alert puhkalth officials that
the possibility of human infection exists. Captive fowl or horses, itd w
populations of birds are used for the purpose of drawing blood at specific
intervals for viral testing.

Surveillance — The collection, orderly consolidation, analysis, andiai@h of data

with prompt dissemination to those agencies concerned with disease
prevention.
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Transovarian — Transmission of a WNV by mosquitoes to their offspring, byiarfec
of eggs in their ovary.

Urban — Areas (counties) having an urban continuum code of 1, 2 or 3.

Viremic — Presence of virus in the blood.

Virus — An infectious particle dependent on host cells to reproduce agradle of
causing a number of diseases.
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