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Abstract  

A total of 432 human West Nile virus (WNV) cases have occurred with 28 fatalities in the 

Panhandle and South Plains region from 2002 to 2008 in 41 counties.  Of significant 

interest was determining if these WNV cases were spatially clustered near major 

ecological and economic features of playa lakes and confined livestock operations 

(CLOs).  Another research interest was to identify chemicals used in mosquito control in 

regional cities to determine if mosquito control increased during the years of the initial 

WNV outbreak in the region.  An important role of spatial statistics is to account for 

spatial dependence and search for spatial patterns in geographical data.  Cluster 

investigations have long been an important tool in epidemiology and spatial statistics.  

To quantify WNV prevalence in the region for clustering around CLOs and playa lakes, 

SaTScan™ and ArcGIS™ were used in conjunction to determine spatial clustering.  

Spatial clustering results indicate that a spatial correlation and dependence exists in the 

geographical data between human WNV cases, beef cattle operations and playa lakes.  

Malathion was identified as the most common pesticide used in the region from 2002 – 

2009. 

 

Keywords used in Literature Search:  

West Nile virus, spatial statistics, cluster analysis, ArcGIS, SaTScan, Confined Livestock 

Operations, Playa lakes 
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Chapter I 

Introduction 

West Nile virus (WNV) was a happenstance discovery in the West Nile district, in 

the Northern Province of Uganda in 1937.  Medical doctors K.C. Smithburn, A. 

W. Burke, and J.H. Paul, along with T.P. Hughes were attempting to isolate 

yellow fever virus in localities on the edge of its endemic zone in central Africa.    

Blood was collected from persons whose illness suggested yellow fever or 

pyrexia (fever).  All of the serum was then inoculated intracerebrally into mice to 

facilitate isolation and identification of the virus.  As a result, the newly 

discovered infective agent was identified in December 1937 from a blood sample 

taken from a 37-year old African woman living in the Omogo, West Nile district 

(Smithburn et al. 1940). 

First considered to be of minimal public health importance,  WNV was recognized 

as childhood febrile epidemics in Egypt in 1951 (Taylor et al. 1956).  The disease 

later spread to Punjab, Pakistan and then to other ―virgin soils‖ causing 

neuroinvasive disease epidemics in Europe, Russia, Israel and North America 

(Campbell et al. 2002; Hayes et al. 1982). 

Following its detection in New York in 1999, WNV is now considered enzootic in 

the United States (Caillouet et al. 2008).  Once the range of this disease 

expanded to include North America, scientists were prompted to begin new 

research which has led to recent discoveries about WNV.   
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In 1999 WNV contributed to the death of seven people and several dozen others 

became ill (108th Congress 2003).  The 2002 WNV epidemic and epizootic 

resulted in 4,106 infections: human 2,946 meningoencephalitis cases and 284 

deaths, 16,741 dead birds, 6,604 infected mosquito pools, and 14,571 equine 

cases (CDC 2003).  The 2002 WNV epidemic was the largest recognized 

arboviral (arthropod-borne virus) meningoencephalitis epidemic in the Western 

Hemisphere and the largest WN meningoencephalitis epidemic ever recorded. 

By 2004, the virus had been detected in birds and mosquitoes in every state of 

the United States, except Alaska and Hawaii (NIH 2008).  As a result, WNV is 

now a significant public health concern.  In the United States alone WNV has 

caused 1,161 human mortalities up to 2009.  Centers for Disease Control and 

Prevention reported at the end of December 2009, 12,088 WNV cases of 

encephalitis/meningitis and 16,765 WNV fever cases (Table 1).  Additionally, 771 

cases were clinically diagnosed as WNV, however they were not clinically 

confirmed (CDC 2009). 

The introduction and spread of WNV in the United States has renewed studies of 

mosquitoes as vectors of diseases.  At one time, especially, in the 19th and early 

20th centuries, mosquito-borne diseases were very common in the United States. 

 Even earlier, dengue fever was found in Philadelphia by Dr. Benjamin Rush in 

1780.  Yellow Fever caused over 100,000 deaths in 135 epidemics in the United 
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 States from 1783 until 1900, and as late as 1934, there were 125,566 cases of 

malaria.  These latter diseases were brought under control by efforts of the 

United States government and various mosquito control agencies, in conjunction 

with an improved health care system that developed following World War I 

(Conlon 2002).  

Table 1.  Centers of Disease Control and Prevention recorded human WNV infections 
and morbidity from 1999 – 2009 (CDC 2010). 

West Nile virus 

Year Encephalitis/Meningitis Fever Morbidities 

1999 59 3 7 

2000 19 2 2 

2001 64 2 10 

2002 2946 1160 284 

2003 2866 6830 264 

2004 1142 1269 100 

2005 1294 1607 119 

2006 1459 2616 177 

2007 1217 2350 124 

2008 687 624 44 

2009 335 302 30 

Total 12,088 16,765 1,161 
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History of Arboviruses in Texas  

In the 1940s and 1950s, the dominant arboviral infections in North America were 

Eastern equine encephalitis (EEE), Western equine encephalitis (WEE), and 

Saint Louis encephalitis (SLE), all causing primary infectious encephalitis in 

humans (Beadle 1959; Schaeffer  et al. 1958).  Saint Louis encephalitis derived 

its name from a epidemic centered in St. Louis and St. Louis County, Missouri in 

the late summer of 1933 when more than 1,100 human cases were reported 

(Beadle 1959). 

Western equine encephalitis and SLE viruses have caused encephalitic disease 

in humans and horses in irrigated sections of the Texas High Plains since the 

1940s (Sciple 1968).  Sciple (1968) reported that arbovirus infections were 

endemic in Hale County, Texas for at least 10 years, prior to high attack rates on 

humans during 1963 and 1964 in that county.  Hayes et al. (1967) reported that 

245 human cases were recorded from Hale County since 1956 (Table 2) 

(Schaeffer et al. 1958). 

Other SLE epidemics occurring in Texas included Hidalgo County (1954) and 

Cameron County (1957) produced 130 cases in an area of 74,000 inhabitants 

(Schaeffer et al. 1958).  A 1964 SLE epidemic occurred in the Houston 

metropolitan area with 243 human cases confirmed with 27 mortalities.  Another 

epidemic followed in 1975 and 1976, with 58 human cases and 11 mortalities 
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 (Lillibridge et al. 2004).   According to the CDC (2009), two years in Texas in the 

1960s were recorded as the most numerous for human SLE outbreaks with 232 

in 1964 and 254 in 1966.  Overall, between 1964 and 2007 a total of 1,015 SLE 

human cases have been reported in Texas (Figure 1). 

Figure 1.  Human Saint Louis encephalitis virus cases from 1964 – 2007 in the 
United States (CDC 2009). 
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Table 2.  Historic confirmed arboviral encephalitis cases in Texas Panhandle and South 
Plains region from 1957 – 1966 (Sciple et al. 1968). 

County  Number of Cases 1957 – 1966 

Bailey 14 
Briscoe 1 
Castro 8 
Crosby 16 
Floyd 4 
Garza 4 
Hale 111 
Hockley 2 
Hutchinson 1 
Lamb 15 
Lubbock 45 
Lynn 2 
Parmer 1 
Potter 12 
Randall 1 
Swisher  8 
Total 245 
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West Nile Virus in Texas:  Overview of its occurrence and relevance 

First detection of WNV activity by the Texas Department of State Health Services 

(TXDSHS) arboviral laboratory occurred in early June 2002 in dead blue jays 

(Cyanocitta cristata, Linnaeus, 1758) collected in eastern Texas (TXDSHS, 

Infectious Disease Control Unit July 2002). 

During 2002 WNV related morbidity totaled 202 human West Nile neuroinvasive 

disease (WNND) cases and 12 mortalities in 37 counties.  Additionally, the 2002 

Texas epizootic resulted in 519 WNV-positive birds from 61 of 254 counties and 

261 pools of WNV-positive mosquito species from 15 counties.  Statewide crude 

2002 WNND incidence was 0.93/100,000, with varying crude and age-specific 

rates by regions (Warner et al. 2006). 

Human WNND has been the most prevalent in Texas with 1,329 cases since 

2002 (Table 3).  Fever cases have been reported in 302 individuals between 

2005 and 2009.  Total Texas mortalities from WNV infection have been 127 since 

2002 (TXDSHS 2010). 

In addition to human infection totals, 3,053 mosquitoes (unknown individual or 

pooled mosquitoes) were confirmed WNV positive in Texas from 2002 – 2009 

(TXDSHS 2010).  Bradford et al. identified the role of mosquitoes in WNV and 

SLE epidemiology in Lubbock County from 2002 to 2003.  This research found 

the highest WNV infection rates in Culex tarsalsis Coquillett mosquitoes from 

2002 – 2003 with 27 positive WNV pools identified out of 18,108 specimens 
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 collected.   Two positive WNV pools (50 or less) of Aedes vexans Meigen were 

identified out of 5,952 specimens collected. No mosquitoes tested positive for 

SLE (Bradford et al. 2005).  In regards to abundance of specific mosquito types 

in Lubbock County, a survey concluded a total of 63,509 A. vexans, 31,337 C. 

tarsalsis, and 1,614 Culex quinquefasciatus Say captured from 2002 – 2004 

(Bradford et al.  2008). 

 
Table 3.  Breakdown of West Nile virus reported occurrence in humans and mosquitoes 
to the Texas Department of State Health Services (TXDSHS 2010). 

 

 

 

 

 

 

 

  

Year Human 
WNND 

Human 
WNV Fever 

WNV 
Mosquitoes 

Human 
Mortalities 

2002 202 0 259 12 

2003 439 0 1056 40 

2004 119 0 423 8 

2005 128 67 328 11 

2006 233 121 464 33 

2007 170 90 407 17 

2008 38 24 116 1 

2009 85 21 380 6 

Total 1,329 302 3,053 127 
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The first human case of WNND was reported in Randall County on July 2, 2002 

in a 19-year-old white female as confirmed by the Texas Department of Health.  

Eleven WNND cases were reported from Texas Panhandle and South Plains 

region during 2002 and five WN fever cases according to the TXDSHS database 

(TXDSHS 2009). 

West Nile virus characterization 

West Nile virus is a major human pathogenic flavivirus within the Flaviviridae 

family which also includes the viruses of dengue, yellow fever, and Japanese 

encephalitis (Li et al. 2008). West Nile virus uses several species of birds, 

primarily passerines, as primary amplifying hosts (Allan et al. 2009). 

It is maintained and amplified in nature within an enzootic transmission cycle 

involving mosquitoes of the genera Aedes, Anopheles, and Culex, with outbreaks 

caused by tangential or spillover transmission to equids and humans who are 

dead-end hosts that produce viremias inadequate for mosquito infection (Bernard 

and Kramer 2001) (Figure 2). 

West Nile virus is a positive-sense, single-stranded RNA virus (Al-Shekhlee and 

Katirji 2004), about ~11 kilo base (kb) in length (Lancotti et al. 1999).  The WNV 

particle is approximately 50 nanometers in diameter or about 1/1000th of the 

width of a human hair (Mukhopadhyay et al. 2003).  The virus particle is 

composed of three major viral structural proteins:  envelope, premembrane, and 
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 capsid proteins (Rice et al. 1985).  The RNA genome is packaged together with 

multiple copies of the capsid protein within a lipid envelope with the genome 

translated as a polyprotein that has the capsid protein, the precursor membrane 

glycoprotein (prM), and the envelope glycoprotein (E) in its N-terminal region (Li 

et al. 2008) 

Distributed circumglobally, WNV has two main genetic lineages:  Lineage 1 is 

widely distributed and highly invasive, whereas Lineage 2 appears to have 

remained enzootic in sub-Saharan Africa.   Of the two WNV lineages, Lineage 1 

has the larger geographic range and includes the viruses currently circulating in 

the Americas.  Viruses in Lineage 1 are more pathogenic and can potentially lead 

to severe central nervous system infection and death.  Infection with WNV 

Lineage 2 rarely progresses to severe disease in humans (Burke 2001).  

  

Figure 2.  West Nile virus transmission cycle (CDC 2003). 
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The spread of WNV in North America resulted in a new genotype, ―North 

American dominant‖ (or WN02).  This genotype emerged as the dominant WNV 

strain circulating in the United States (Davis et al. 2005).  The WN02 genotype 

has enhanced abilities to replicate and disseminate in Culex mosquitoes up to 

four days shorter than the original NY99 genotype first identified in the 1999 

outbreak (Moudy et al. 2007). 

West Nile virus transmission to humans can cause severe illness or death (Allan 

et al. 2009) with a 2-15 day incubation period (Hayes et al. 2005).  It presents 

itself in two ways:  West Nile fever or encephalitis/meningitis.  Fever is less 

severe and exhibiting no neuroinvasion.  About 80% of human infections of WNV 

are asymptomatic (Craven and Roehrig 2001).  Febrile illness occurs in 

approximately 20% of infections, presenting clinically with fever, fatigue, 

headache, backache, anorexia, malaise, lymphadenopathy, periocular pain, 

gastrointestinal symptoms, i.e., nausea, vomiting, and abdominal pain and 

myalgias, and maculopapular rash (Murray et al. 2009; Sampathkumar et al. 

2003). 

When WNV enters the brain it may cause life- threatening WNND complications 

seen in about 1% of WNV infections (Hayes et al. 2005) leading to encephalitis 

or meningitis (NIH 2008). Encephalitis refers to inflammation of the brain; 

meningitis is inflammation of the membrane around the brain and the spinal cord 
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 (Sejvar et al. 2003).  Approximately 1:150 infected persons will have a severe 

illness with central nervous system (CNS) involvement (Petersen and Marfin 

2002). 

Clinical criteria for WNV are classified as neuroinvasive or non-neuroinvasive.   

Neuroinvasive disease requires the presence of fever and at least one of the 

findings: 

 Isolation of WNV viral antigen or genetic material in body tissues or  
fluids 

 Isolation of WNV IgM antibody in central spinal fluid (CSF) 
 Increase in antibody titer to WNV in paired CSF or serum samples 

that is greater than ≥ 4-fold 
 Serum specimen has both WNV specific IgM and IgG antibodies 

(Sampthkumar 2003). 

Probable WNV infection is confirmed by detecting the virus or antibodies with the  

following criteria: 

 Elevated IgG antibody against WNV in convalescent serum  
 Serologic virus-specific serum IgM antibodies detected by antibody-
capture EIA (enzyme immunoassay) (Sampathkumar 2003). 
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Regional Description  

Texas is divided into eight Health Service Regions (HSRs).  Texas Health Region 

1 serves a 41 county area located in the Panhandle and South Plains area of the 

state (Figure 3) and encompasses 8,143,779.9 km2 with 95,998.2 km2 devoted 

to farming and ranching (Ag Census 2007).  Regional surface water includes 11 

lakes, 13 rivers/creeks and over 19,000 playa lakes (TPWD 2010).   Elevation 

ranges from 1,432.6 m above sea level in the northwest corner of the region, to 

approximately 640.1 m on the south (TSHA 2010)  Total region population is 

more than 770,736 (US Census Bureau 2009). 

This region, known as the Llano Estacado (Figure 4), is one of the world’s largest 

and flattest mesas, covering about 90,649.6 km2.  Changes in elevation are 

visually imperceptible based on the terrain flatness (Choate1997). 
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Figure 3.  Texas Department of State Health Services Region 1. 
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Figure 4.  The Llano Estacado (USCB.edu). 

 

The region consists of a high plateau broken by intervening river valleys.  It 

extends southward from the Canadian River Valley to the eastern edge of the 

Pecos River Valley around 321.9 km.  All sides are bordered by abrupt 

escarpment except the south; here it merges into the lower, eroded plains that 

border the Pecos River Valley.  Plateau heights rise from 15.2 m to 91.4 m 

(Harmston et al. 1956). 
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Six geographical zones makeup the region:  

1.  Southern High Plains, Southern Part 

Average annual precipitation is 405 to 560 mm, fluctuating widely from year to 

year. Average daily temperature is 13° - 17°C.  Freeze-free period averages 225 

days and ranges from 195 to 255 days (USDA 2006). 

2.  Southern High Plains, Breaks 

Average annual precipitation is 405 to 635 mm, fluctuating widely from year to 

year.  Rainfall occurs as high-intensity, convective thunderstorms during spring 

and fall.  Average annual temperature is 13° - 16°C.  Freeze-free period 

averages 215 days and ranges from 195 to 235 days (USDA 2006). 

3.  Central Rolling Red Plains, Western Part 

Average annual precipitation is 485 to 660 mm, increasing from west to east 

across the area.  Rainfall occurs as convective thunderstorms during late spring 

and early fall.  Average annual temperature is 14° - 18°C.  Freeze-free period 

averages 235 days and ranges from 215 to 260 days (USDA 2006). 

4. Central Rolling Red Plains, Eastern Part 

Average annual precipitation is 560 to 760 mm.  Rainfall occurs as convective 

thunderstorms during the growing season.  Precipitation as snow averages about 

15 cm.  Average annual temperature is 13° - 18°C.  Freeze-free period averages 

230 days and ranges from 200 to 260 days (USDA 2006). 
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5.  Southern High Plains, Northwestern Part 
 

Average annual precipitation is 355 to 455 mm, fluctuating widely from year to 

year.  Rainfall occurs as high-intensity, convective thunderstorms during spring 

and fall, with most winter precipitation occurring as snow.  Average annual 

temperature is 10° - 14°C.  Freeze-free period averages 185 days and ranges 

from 165 to 205 days, increasing in length from north to south (USDA 2006). 

6.  Southern High Plains, Northern Part 

Average annual precipitation is 380 to 560 mm, fluctuating widely from year to 

year.  Rainfall occurs as high-intensity, convective thunderstorms during spring 

and fall.  Most winter precipitation occurs as snow.  Average annual temperature 

is 12° - 14°C.  Freeze-free period averages 200 days and ranges from 185 to 215 

days, increasing in length from north to south (USDA 2006). 

Playa lakes 

The semiarid landscape of the Llano Estacado is characterized by over 19,000 

ephemeral playa lakes typically less than 1 km in diameter, that occur above the 

zone of saturation (Osterkamp and Wood 1987; Quillin et al. 2005).  These playa 

lakes postdate the age of the underlying strata by 17,000 years (Owens 1969).  

Playa lake basins extend to escarpment edges of the Southern High Plains, but 

are absent beyond the escarpments (Reeves 1966). 

Early researchers proposed playa lakes were created primarily by wind erosion 

processes (Reeves 1966).  Their origins have been ―attributed to solution 
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 subsidence, wind deflation, piping, bison wallows, and previous fluvial activity‖ 

(Woodruff et al. 1979).  Current research thought is that micropiping and 

dissolution of underlying calcium carbonate are considered the principal factors 

in playa formation (Osterkamp and Wood 1987; Reeves 1990). 

Playas are scattered uniformly over the region, averaging about one per square 

mile.  Size ranges from < 0.04 to > 8.09 km2, and with depth averages of 6.1 to 

9.1 m in depth (Osterkamp and Wood 1987). 

Playa lakes are the principal wetlands and major wildlife habitat zones in the 

region.   Researchers have documented more than 115 bird species, including 

20 waterfowl and 20 mammal species using playa lakes (Haukos and Smith 

1992).  This region is within the central flyway zone for migratory birds.  Playa 

lakes are important ecological stopping points for these migratory species.  

Waterfowl are abundant during the winter with more than a million ducks (Bolen 

et al. 1989).  They also serve as a water source and habitat for other regional 

wildlife species (Figure 5).  

Precipitation of the playa lake environment is mainly from localized 

thunderstorms during May, June, September, and October.  Precipitation 

averages 350 to 450 mm and is lowest in the southwest and highest in the 

northeast of the region.  Average annual evaporation is 2,000-2,500 mm.  Playas 

usually do not hold water all year, but are dry during one or more periods, 

typically late winter, early spring, and late summer (Haukos and Smith 1992).    
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The majority of regional water runoff from rainfall or irrigation collects in playa 

lakes (Osterkamp and Wood 1987).  Countless farmers make conjunctive use of 

this surface water that supplements their irrigation water drawn from the 

underlying Ogallala aquifer, which is a vast isolated groundwater reservoir 

(Templer and Urban 1997; Valient 1967).   Water from playa lakes help farmers 

maintain profitable farming by reducing their pumping expense and demand on 

the Ogallala aquifer (Haukos and Smith 1992), as well as provide natural 

recharge to the aquifer.   Estimates of runoff collection in the playas range from 

1.8 to 5.7 million acre-foot per year (Templer and Urban 1997). 

In addition to having a great potential for water conservation and field use, playa 

lakes are excellent breeding sites for mosquito populations.   A mosquito and 

encephalitis study by Harmston and others (1956) in the counties of Lubbock, 

Hale, Deaf Smith and Swisher showed that playa lakes on native grazing lands 

factored in approximately three-fourths of the production of mosquitoes.   Culex 

tarsalis Coquillett, Culex quinquefasciatus Say, Aedes vexans Meigen, and 

Aedes nigromaculis Ludow were identified as the predominant species in playa 

lakes (Harmston et al. 1956). Playa lakes are also the major breeding sites for 

mosquito species that vector encephalitis in this region (Owens 1969). 
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Figure 5.  Playa lakes distribution in Panhandle and South Plains region. 

Confined Livestock Operations 

Lubbock, Texas and Amarillo, Texas are significant urban centers in this region; 

however most of the region is sparsely populated, and the rural economy is 

strongly tied to cotton, cattle, and oil production.  One agri-industry feature that 

has developed in this region over the last 98 years has been confined livestock 

operations (CLOs) (Ball 1992) that include beef cattle feeders, dairy cattle 

operations, swine feeders, sheep feeders, and poultry operations. 

In a cattle feeder operation, livestock are confined in feedyards to add weight and 

improve beef quality before slaughter.   Texas beef packing operations receive 

more than 84% of their cattle from South Plains and Panhandle Texas suppliers.  

Dairy cattle operations produce milk and dairy products for market.  Swine 

feeders produce fast-fed pigs, usually reaching market at 200 to 250 pounds.  
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Cows, calves, and sheep constitute the major livestock from this region (Ball 

1992; TSHA Online 2010) (Figure 6). 

Regional beef cattle feeding operations were begun by cottonseed oil mills in the 

early 20th century as a way to dispose of their by-products of meal and hulls.  

Currently, two main rationales for cattle feeding operations:  1) to increase weight 

and 2) to improve quality grade (Ball 1992).  Currently, it is estimated that the 

cattle feeder operation industry provides $19 billion towards the economy (Hunt 

2010 personal communication).  Regionally, the first feedyard built was in Deaf 

Smith County in 1911.  Sudan Livestock and Feeding Company in 1940 became 

the first feedyard to bring year-round feeding to the region with 2,000 head (Ball 

1992). 

 

Figure 6.  General distribution pattern of confined livestock operations in 
Panhandle and South Plains region.  
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The Texas Commission on Environmental Quality regulates CLOs through a 

General Water Permit.  The permit is for discharge of wastewater and certain 

types of storm water into adjacent water bodies in Texas.  Authorization is given 

as an individual discharge permit or a general permit.  Confined livestock 

operations are regulated by a General Permit (TXG920000) which authorizes the 

discharge by evaporation or irrigation of manure, litter, and wastewater 

associated with these operations (Lindeman 2009; TCEQ 2010). 

Dairies have significantly expanded their operations since the 1990s in this 

region.  Dairy expansion developed as a result of two major factors.  First, there 

were concerns over nitrate levels seeping from dairies into the water systems of 

Lake Waco and the Bosque River located near Waco, Texas.  As a result, TCEQ 

increased regulations on dairy expansion within that region, so many of the 

dairies relocated to the Texas Panhandle and South Plains region.  The second 

factor involved Panhandle and South Plains Economic Development Boards 

actively recruiting dairy businesses to their region.  Economically, dairy 

operations may employ 25-30 milk hands, as well as increase city and regional 

revenues (Moore 2009 personal communication).  Texas dairy farmers produce 

around 656 million gallons of milk per year (Texas Association of Dairymen 

2010). 

Confined livestock operations in the region have treatment ponds and drainage 

systems, (e.g., one dairy milking parlor flushes waste into a series of runoff pond  



                                                                 Texas Tech University, Christena Stephens, December 2010 

23 

pumps).  Drainage systems of these operations are not monitored by TCEQ 

unless it’s a 25-year or 24-hour chronic rainfall for biological oxygen demand 

(BOD) levels.  Almost all CLOs do use insecticides in various ways applied by 

airplane, spot spraying, electronic eye system where a cow walks under it, and 

clean-up pen maintenance (Lindeman  2009).  But in spite of these precautions, 

opportunities do exist for blood-feeding on livestock by mosquitoes, as well 

habitat for growth of larvae and adult maintenance. 

Mosquito control 

United States mosquito abatement started in 1905 and has slowly developed 

within the last 105 years.  Originally, public indifference, skepticism, and hostility 

were part of the public opinion, including disagreement and controversy as to 

methods and purposes even though its purpose was simple and two-fold:  1) to 

eliminate mosquito-borne diseases and 2) to provide personal comfort against 

mosquito attack (Herms and Gray 1940). 

Pesticides used in integrated mosquito management programs have been 

utilized in response to epidemics to prevent vector-borne diseases (Rose 2001).  

Initially, abatement involved using kerosene in water to kill mosquito larvae 

(Herms and Gray 1940), and later DDT (dichlorodiphenyltrichloroethane) (EPA 

2009) was used as an airborne spray. 

Organized mosquito control in Texas began in 1949 when the 51st legislature 

passed H.B. 127 that provided for the creation, regulation and financing of   
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mosquito control districts.  Jefferson County was the first mosquito control district 

established in January 1950, followed by Galveston County in 1954.  The First 

Gulf Conference on Mosquito Suppression and Wildlife Management  held in 

Lafayette, LA in 1964 voted to create mosquito control districts in the Texas 

counties of Calhoun, Harris, Matagorda and Hale in 1964, an action  prompted by 

a large 1964 SLE epidemic in Houston (Olson and Long 1988). 

Chemical research and development in the last 70 years have provided 

environmentally safer chemical compounds to control all mosquito lifecycles. 

Current chemical control revolves around the mosquito life cycle stages: egg, 

larva, pupa, and adult with each stage requiring different pesticides and methods 

of application (Presley 2008). 

There are two main types of pesticide control for mosquitoes, larvicide and 

adulticide.  Larvicides kills mosquito larvae by controlling the immature stages 

before adult mosquitoes emerge.  Treatment applications are from the ground or 

by aerial spraying.   Several insecticidal materials in a range of formulations 

labeled for mosquito larvicides include:  organophosphate temephos; biological 

larvicides such as Bacillus thuringiensis israelensis, Bacillus sphaericus; and 

methoprene, an insect growth regulator (CDC 2003; EPA 2009). 

Methoprene, a synthetic pesticide, mimics the insect juvenile growth hormone to 

prevent metamorphosis into adult mosquitoes.  Chemically known as 

isopropyl(E,E)-11-methoxy-3,7,11-trimethyl-2,4-dodecadienoate, it is used to  
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control second through fourth larval stage floodwater mosquitoes (Ware and 

Whitacre 2004). 

Bacillus sphaericus (Bs) is a soil-inhabiting bacterium that produces a protein 

toxin to control mosquito larvae in polluted water (EPA 2009).  It damages the 

mosquito larvae mid gut causing starvation (Georghiou and Wirth 1997; Regis et 

al. 2001).  Bacillus thuringiensis israelensis (Bti) is a natural soil bacterium that 

produces crystalline proteins.  Chemically it is a crystalline δ-endotoxin that binds 

to receptor sites in the gut epithelium leading to degradation and starvation 

(Ware and Whitacre 2004). 

Adulticides kill adult mosquitoes.  The most commonly used adulticides are 

permethrin, malathion and naled in the United States (EPA 2009; Presley 2008). 

Permethrin’s chemical class is pyrethroids (Extoxnet 1996) that are biological 

derivatives of pyrethrum flowers or their synthetic equivalents.  Chemically known 

as 3-(phenoxyphenyl)methyl(±)-cis,trans-3-(2,2-dichloroethenyl)-2,2-

dimethylcyclopropane-carboxylate (Ware and Whitacre 2004), it is a broad 

spectrum insecticide (Extoxnet 1996) that acts on insects’ nervous systems by 

inactivating sodium (Na) channels (Hooper 2007).  Nearly insoluble in water, its 

potency is short-lived and has half-lives of 30 to 38 days in soils (EPA 2009). 
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Malathion, an organophosphate, is one of the oldest and most widely used 

mosquito insecticides since 1950.   Chemically known as O-O-dimethyl 

phosphorodithioate of diethyl mercaptosuccinate (Ware and Whitacre 2009), it 

inhibits the enzyme acetylcholinesterase (AChE) in insects due to its metabolic 

conversion into malaoxon (Hooper 2007). 

Mosquito adulticides are typically applied as an ultra-low-volume (ULV) spray in 

which specially formulated insecticide is combined with compressed air to create 

a "fog" which disperses a low concentration of the insecticide over a wide area by 

truck-mounted equipment or from fixed or rotary wing aircraft (Reiter 1983; Reiter 

et al. 1986; Andis et al. 1987; Leiser et al. 1982; Mitchell et al. 1969). 

Thermal fogging applications are also applied by ground or air.  To be effective at 

killing adult mosquitoes, insecticides must drift through the habitat in which 

mosquitoes are flying in order to provide optimal control benefits.  Droplets must 

impinge on mosquitoes to provide adequate dosage necessary to kill them.  To 

achieve small droplets, special aerial and ground application ULV equipment is 

used.  Applications of adulticides are normally timed to coincide with the activity 

period of targeted mosquito species, e.g., many Culex species are nocturnal 

(CDC 2003; EPA 2009; Rose 2001).  Generally, spraying of adulticides is 

completed at night between sunset and midnight (Rose 2001). 
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Spatial epidemiology and clusters 

Epidemiology is the study of factors that influence occurrence of human disease 

or the study of epidemic diseases.  Spatial epidemiology is defined as a means 

to study the occurrence of disease in spatial locations and its explanatory factors 

(Lawson 2006). 

In understanding spatial epidemiology the first law of geography according to 

Waldo Tobler, an American-Swiss geographer and cartographer, developed the 

idea that "everything is related to everything else, but near things are more 

related than distant things‖ (Tobler 1970).  Landscape attributes are recognized 

as important determinants of transmission of vector-borne diseases by 

influencing host and vector presence, as well as behavior (Meade et al. 1988). 

Disease study clustering is classed as temporal, spatial, or space-time clustering.  

Temporal clustering answers the question of whether cases tend to be located 

close to each other in time.  Spatial clustering answers the question of whether 

cases are located close to each other in space.  Space-time clustering answers 

the question of whether cases that are close in space are they also close in time 

(Tango 2010). 

The most widely used statistical technique for testing space-time interaction for 

disease was proposed by Knox (1964) where the time and geographical location 

of each case is noted, and for each possible pair of cases, the distances between 

them are calculated both in terms of time and space.  If cases are close in time 
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 and are also close in space or vice versa, then there is space-time interaction 

indicating that a disease is infectious or that it is caused by some other type of 

agent that occurs locally at specific times (Kulldorff and Hjalmars 1999). 

The earliest and most famous mapped example on the analysis of geographic 

locations of disease in relation to a presumed health hazard was John Snow’s 

analysis of cholera cases in relation to the location of the Broad Street water 

pump in London (Snow 1855).  Snow’s drawing mapped the addresses of those 

who died of cholera and the locations of water supply pumps and showed the 

cholera epidemic spread around the Golden Square area in London during the 

middle of the nineteenth century that suggested a significant clustering of cholera 

victims around certain water pumps (Tango 2010). 

A spatial scan statistic has been used for a geographical surveillance to identify 

and test for geographical clusters with latitude and longitude points and identify 

cluster locations (Kulldorff 1997).   This statistic has been used to study human 

granulocytic ehrlichiosis (HGE) near Lyme, Connecticut (Chaput et al. 2002), 

bovine tuberculosis in Argentina (Perez et al. 2002), as well as for geographic 

disease surveillance for chronic diseases including Creutzfeldt-Jakob disease 

(Cousens et al. 2001) and malaria clusters (Coleman et al. 2009). 

Mosquito distribution and occurrence is limited to landscapes that contain aquatic 

environments for larvae development, plus landscapes for adult habitat.  Some 

landscape elements constitute potential breeding habitats, e.g., wetlands while  

  



                                                                 Texas Tech University, Christena Stephens, December 2010 

29 

others do not constitute landscape elements themselves, e.g., artificial containers 

(Diuk-Wasser et al. 2006) or abundance of animals upon which to feed. 

Research goals and objectives 

The research aim of this study was to determine spatial and temporal patterns of 

human West Nile virus cases in the Panhandle and South Plains from 2002 - 

2008 utilizing spatial analytical tools in SaTScan™ (SaTScan™, Version 8.0, 

http://www.satscan.org) and ESRI® ArcGIS™ 9.3 (ESRI®, Redlands, CA) to 

establish if there are spatial relationships between human West Nile virus cases, 

CLOs, and playa lakes.  We determined through spatial analyses the space-time 

and spatial patterns among three major factors in Panhandle and South Plains 

region from 2002-2009, including:  (1) occurrence of human WNV cases in 41 

counties of Texas Health Region 1; (2) occurrence of confined livestock 

operations; and (3) occurrence of playa lakes.  Secondly, we identified pesticide 

use to control both adult and larvae mosquitoes by regional cities. 

The three specific aims and hypotheses were: 

Specific Aim 1:  Determine spatial correlations of human West Nile virus 

infections in Texas Panhandle and South Plains region in relation to confined 

livestock operations from 2002 – 2008. 

Hypothesis 1:  Human West Nile virus infections occur more often near confined 

livestock operations in Texas Panhandle and South Plains region from 2002 - 

2008. 

  

http://www.satscan.org/
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Ha1: Human West Nile virus infections do not occur more often near confined 

livestock operations in Texas Panhandle and South Plains region from 2002 - 

2008. 

Specific Aim 2:  Determine spatial correlations of human West Nile virus 

infections in Texas Panhandle and South Plains region in relation to playa lakes 

from 2002 – 2008. 

Hypothesis 2:   Human West Nile virus infections occur more often near playa 

lakes in Texas Panhandle and South Plains region from 2002 -2008. 

Ha 2:  Human West Nile virus infections do not occur more often near playa lakes 

in Texas Panhandle and South Plains region from 2002 – 2008. 

Specific Aim 3:  Determine whether the public health threat of West Nile virus 

resulted in an increase in the use of adulticides and larvicides in Texas 

Panhandle and South Plains regional cities from 2002 – 2008. 

Hypothesis 3:  The threat of West Nile virus in Texas Panhandle and South 

Plains region did increase adulticide and larvicide usage in regional cities from 

2002 – 2008. 

Ha3:  The threat of West Nile virus in Texas Panhandle and South Plains region 

did not increase adulticide and larvicide usage in regional cities from 2002 – 

2008. 
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Objectives to achieve these aims were:  1) to identify locations of human WNV 

cases in Texas Panhandle and South Plains region (TPSP) from 2002 - 2008; 2) 

to identify playa lake systems in TPSP; 3) to identify TPSP Confined Livestock 

Operations (CLO’s); 4) to identify types and amounts of adulticides and larvicides 

used in TPSP regional cities from 2002 – 2008; 5) to integrate all data into 

SaTScan and ArcGIS to determine space-time and spatial clusters of human 

WNV cases, CLOs, and playa lakes; and 6) to analyze data values from 

SaTScan and ArcGIS  analyses and do a comparison of the results of both 

programs. 

Overall, we studied spatial distributions to identify correlations between human 

WNV cases, CLOs and playa lakes from 2002 – 2009.  We suspected that 

human WNV cases are influenced by spatial proximity to both CLOs and playa 

lakes.  Additionally, we were also interested in determining regional city mosquito 

control efforts in terms of the amount and types of pesticides used in the region 

from 2002 – 2008. 

Preliminary Research  

Integrated System to Monitor Hazards to Human and Environmental Health 

In 2007 The Institute of Environmental and Human Health (TIEHH) conducted a 

project for the Texas Department of State Health Services (TXDSHS) to develop 

an integrated system to monitor hazards to human and environmental health.  

The project aim was to integrate regional database information with an 
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 interactive mapping system to display potential hazardous areas in Texas Health 

 Region 1 (Panhandle and South Plains Region).  For example, if a chemical 

waste spill occurred in Hockley County emergency responders, law enforcement 

officials, community leaders and public health agencies could readily access the 

database and immediately know what other hazards were present, along with the 

capability to handle the spill in an effective manner (TXDSHS 2007). 

The project’s primary objectives were to develop an integrated geographic 

information system (GIS) system to identify location, inventory biological and 

chemical hazards, demographics, epidemiological and meteorological 

information and develop a internet site to provide a interactive portal on health 

risks. 

Databases complied included:   analytical labs, confined animal livestock 

operations, commercial pesticides, county judges, demographics, EPA hazard 

sites, gas plants, hantavirus cases, hospitals, pesticide dealers, pharmacies, 

positive plague cases, regional frequencies, school data, South Plains 

Association of Governments (SPAG) emergency operations centers, specialty 

health care centers, tularemia cases, veterinary clinics, wind farms and WNV 

human case investigations 2002-06.  Databases were refined to include all 

available information.  Latitude and longitude coordinates were provided with 

most databases.  Address coordinates not provided were geocoded using 
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 BatchGeo (http://www.batchgeo.com/) or Google™ Earth to acquire latitude and 

longitude for the remaining databases (TXDSHS 2007).  Confidentiality 

agreements were signed by all researchers working on this project.  
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Chapter II 

Materials and Methods 

Introduction 

This study utilized databases for West Nile virus (WNV) epidemiological and 

confined livestock operations (CLOs) developed for the Texas Department of 

State Health Services (TXDSHS) integrated system for monitoring hazards to 

human and environmental health project.  These databases produced noticeable 

trends in county locations of the WNV and identified CLO latitude and longitude 

coordinates.   These trends illustrated that an underlying pattern may be present 

in the human WNV data and led to developing the research project around 

human WNV infections, CLO locations and playa lakes.  The databases structure 

was modified, data updated, and re-verified for this research.  SaTScan and 

ArcGIS programs were utilized to provide statistical and mapping tools for these 

data which are outlined below. 

Data Management 

Databases were constructed from geographic coordinates for all locations of 

human WNV cases, CLOs and playa lakes occurring in the 41 counties of the 

Texas Panhandle and South Plains region.  Human WNV data was acquired 

from the TXDSHS for 2002 – 2008 (Zoonosis Control Health Service Region 1 

2007, 2009) in accord with confidentiality agreements. 
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Patient data included date of symptom onset, date reported, sex, age, name of 

county residence, physical address of residence and human WNV infection type.  

Addresses were geocoded (http://batchgeocode.com/) to convert into latitude 

and longitude coordinates.  Addresses not acquired with the original data were 

geocoded with the city county seat or city hall coordinates.  Sensitive patient 

information was removed to maintain confidentiality.  Data used in analyses of 

human WNV included type of WNV infection, date of onset, sex, age, gender, 

county, as well as latitude and longitude coordinates. 

The confined livestock operations database was developed from the Texas 

Commission on Environmental Quality (TCEQ) Water Quality General Permits 

website (http://www5.tceq.state.tx.us/wq_dpa/index.cfm, TCEQ 2009).  The 

TCEQ database for these water permits begins in 2004.  Data included operation 

name, latitude, longitude, physical address, operation type, receiving water body, 

number of permitted head, type of head and county name.  Data were re-verified 

to ensure best accuracy of the WNV and CLO databases. 

The playa lakes digital database used in this study was developed by Dr. Ernest 

Fish, Professor of Natural Resources Management, Texas Tech University 

(Mulligan 2009).  County population data recorded in 2008 were obtained from 

the U.S. Census Bureau State & County QuickFacts website 

(http://quickfacts.census.gov/qfd/index.html).  Total land area for each county in 

the region was acquired from the National Association of Counties 

  

http://www5.tceq.state.tx.us/wq_dpa/index.cfm
http://quickfacts.census.gov/qfd/index.html


                                                                 Texas Tech University, Christena Stephens, December 2010 

36 

website (http://www.naco.org/).  All datasets were transitioned into primary 

Microsoft Office Excel 2007 files for data management, statistical analyses and 

mapping. 

To acquire mosquito control information, regional city administers and 

administrative authorities were first contacted by e-mails and phone calls.   

Secondly, two presentations were given at regional city manager meetings.  City 

managers and city secretaries were asked to provide information on their city 

mosquito control practices. 

City mosquito control information requested included: 

1. How much adulticide and larvicide was sprayed/applied (i.e.,     
application rates) in your city/town between the years of 2002 – 2008? 

2. What brand types of adulticide and larvicide were used, e.g., malathion, 
pyrethrum, etc. between the years of 2002 -2008? 

3. What types of applications are used in your city/town, e.g., fogging, 
aerial, larvicidal, etc. between the years of 2002 – 2008?      

 

Statistics 

Prevalence rates for each year of the study period were calculated per county 

using 2008 county population data from the U.S. Census Bureau State and 

County Quickfacts.  Prevalence is the number of affected persons present in the 

county population at a specific time divided by the number of persons in the 

county population at that time (Gordis 2004). 

Prevalence per 1000 = 
                                                           

                                                     
       

  

http://www.naco.org/
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SaTScan™ 

SaTScan™ (SaTScan™, Version 8.0, http://www.satscan.org; Statistical 

Research and Applications Branch, Surveillance Research Program, Division of 

Cancer Control and Population Sciences, National Cancer Institute, Bethesda, 

MD) is statistical freeware.  By implementing Kulldorff’s scan statistic it can 

analyze spatial, temporal and space-time data using cluster detection.  The 

program was designed to evaluate: disease geographical surveillance by 

detecting spatial or space-time disease clusters; determine if a disease is 

randomly distributed over space or time; determine if disease clusters are 

statistically significant and determine early detection of disease outbreak 

(Kulldorff 2009). 

A Poisson-based model is used in SaTScan where it models the number of 

random occurrences of a rare event in a specified unit of space or time and 

describes the chances of a certain number of events (Kulldorff 2009).  It 

measures the frequency distribution of the number of times a rare event occurs.  

The purpose of the test is to determine randomness or independence of a 

distribution, not only spatially, but also in time (Sokal and Rohlf 1981). 

This statistic imposes a two dimensional Cartesian system that divides the plane 

into four regions known as a quadrant in a circular window to let the circle 

centroid (geometric center) move across a region of points to identify a likely 

cluster.  The centroid radius window is changed continuously to take on a set  

http://www.satscan.org/
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between zero and an upper limit.  Centroids contain an infinite number of 

distinctive circles with a different location, size and the potential for each circle to 

be a cluster (Kulldorff et al. 2005). 

The hypothesis is tested by random replications being generated to provide the 

test statistic that is calculated for each random replication including the real data 

set.  SaTScan can be set to scan for areas with high rates (clusters), areas with 

low rates, or high and low rates simultaneously (Kulldorff 2009). 

Statistics of each cluster are a likelihood ratio test and p – value, based on Monte 

Carlo randomizations which test statistical significance of the cluster (Kulldorff 

1997; Kulldorff et al. 2005; Dwass 1957).  The most likely cluster and secondary 

clusters are generated (Kulldorff 1997).  Secondary clusters are evaluated as if 

there were no other clusters in the data and are statistically significant if they are 

able to reject the null hypothesis on its own strength (Kulldorff 2009).  Results list 

the most likely cluster location, its likelihood and significance, as well as 

secondary clusters. Information can be saved as American Standard Code for 

Information Interchange (ASCII) or dBase files to upload to ArcGIS (Anselin 

2004). 
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Space-time permutation model 

The space-time permutation model (STP) extends the spatial scan statistic by 

using a three dimensional cylinder shape domain where the cylinder base 

represents space and its height time.  This statistic imposes a circular base Z on 

each region centroid for each possible time interval (Kulldorff et al. 1998).  The 

STP model can analyze data both retrospectively and prospectively with the 

former analysis done once for a fixed geographical region and study period.  The 

latter is used for early detection of disease outbreaks (Kulldorff 2009). 

Data needed for a STP are geographic coordinates and date for each case 

(Kulldorff et al. 2005) automatically adjusting for any purely spatial or temporal 

variation (Kulldorff 2009).  Cluster cases are compared to expected cases if the 

spatial and temporal locations of all cases were independent of each other so 

there is no space-time interaction. The scanning window is defined by thousands 

to millions of centroids.  The outbreak geographical area is represented by a 

circular base, where the cylinder height represents the number of days (Kulldorff 

et al. 2005) with secondary clusters identified in the data set (Kulldorff 2009). 

The likelihood function is maximized over all window locations to identify the 

window with the maximum likelihood as the most likely cluster to have occurred 

by chance and produces likelihood ratio test statistics.  A p-value is produced 

utilizing the Monte Carlo randomization method by comparing the rank of the 

maximum likelihood from the real data set with the maximum likelihoods from the 

random data sets. If this rank is R, then p = R / (1 + #simulation). This requires at  
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least 9,999 simulations to insure rejection or not of the null hypothesis for 

significant values of 0.05, 0.01 and 0.001 (Kulldorff 2009).  The null hypothesis 

Ho and the alternative hypothesis H1 are expressed as  

      Ho : E(N(Z)) = e (Z) for all Z 

      H1 : E (N(Z)) > e (Z) for some Z 

where Z indicates a circular window on the centroid of a region and N (Z) and e 

(Z) denote the random number of cases and the conditional null expected 

number of cases within the specified window Z (Tango 2010). 

Under the Poisson assumption the likelihood ratio test is proportional to: 
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where 

C = total number of cases 

c = observed number of cases within window 

E[c]  =  covariate adjusted expected number cases within the window 

Analysis is conditioned on the total number of cases observed, 

C-E[c] = expected number of cases outside the window 

I () = an indicator function. 
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Setting SaTScan to scan only for clusters with high rates, I () = 1 when the 

window has more cases than expected under the null-hypothesis, and 0 

otherwise (Kulldorff 2009). 

SaTScan Methods 

We used Kulldorff’s space-time cluster detection SaTScan software using a 

retrospective STP model for the human WNV and CLO data.  A prospective STP 

model was also run on the WNV data.  A population model was also run on the 

WNV data using the 2008 Census data.  Datasets contained geographic points 

and primary information that were transformed using Microsoft Office Excel 2007 

into case and coordinate files for cluster analyses.  Case files included: location 

ID, number of cases, date of onset, date of permit, county, description, age, race, 

sex, permitted head and species.  Coordinate files included location identifier, 

latitude and longitude coordinates. 

Parameter analysis of the SaTScan program was to set day time precision and 

retrospective or prospective analysis.  The model was set to scan for areas with 

high rates with a time aggregation length of day, month, or year.  To obtain the 

most precise statistical significance, 9,999 Monte Carlo replications were 

selected so that each case is replicated 9,999 times.  The population model was 

set to run at 999 Monte Carlo replications. 

The maximum cluster size was set to 50% of the total number of cases in the 

scanning window to scan from small to large clusters.  No restrictions were 

selected to report secondary clusters.   
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The purely spatial scan statistic was used to analyze the playa lake dataset. 

Playa geographic points do not have a time association and was run with 999 

Monte Carlo replications. 

Computers used for analyses were a Dell Optiplex 755 with 2.99 GHz, 1.95 GB 

RAM, 2 processors and a Microsoft Compute Cluster Server 2003 R2, Enterprise 

x64 Edition PowerEdge 2950, Intel Xeon E5430 CPU, 2.66 GHz, 16 GB RAM, 32 

processors. 

SaTScan cluster output was imported into Microsoft Office Excel 2007 to export 

into ArcMap-ArcInfo GIS for mapping.  Cluster data layers were projected as 

shapefiles using NAD 1983 UTM Zone 14N.  A radius-range buffer layer was 

created to display identified clusters, based upon the cluster center point-layer.  

All most likely clusters were mapped in WNV and CLO data with day-time 

aggregation, as well as the playa lake cluster. 

ArcGIS™ 

The ESRI® (Environmental Systems Research Institute) ArcGIS™ 9.3 (ESRI®, 

Redlands, CA) system is an integrated geographic information system (GIS).  

ArcGIS can represent spatial information of features, rasters, and other spatial 

data types to capture, manage, analyze, and display geographic referenced 

information.  Geographic information system allows for viewing, understanding, 

questioning, interpretation, and visualization of data to reveal relationships, 

patterns, and trends with maps, reports and charts (ESRI 2001).  
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Geographic information system data layers of Microsoft Excel 2007 WNV and 

CLO databases were exported as ArcMap shapefiles.  Playa lakes (Mulligan 

2009) and the Texas StartMapv2 County shapefiles were imported into ArcMap.  

The Texas Gazetteer shapefile was used for a polygon layer to run the statistical 

tests.  This file consists of cultural and physical features of schools, hospitals, 

cemeteries, lakes, rivers and summits (TNRIS 2009). 

The North American Datum (NAD) 1983 was used as the geographical reference 

for all databases.  Data layers were then projected to NAD 1983 UTM (Universal 

Transverse Mercator) Zone 14N coordinates for mapping and statistical 

analyses. 

Universal Kriging is an unbiased spatial statistic that produces a linear trend of 

variable to point distributions.  Universal Kriging was applied in this research to 

interpolate the spatial distributions of all WNV cases during 2002 - 2008. 

Geographic Distribution ArcGIS Statistical Tools 

A variety of ArcGIS statistical tools were used to identify spatial distribution 

patterns in the human WNV, CLO and playa lakes datasets.  The central feature 

tool identifies a central feature among points, lines or polygons that have the 

lowest distance to all other features in a data set. Distances from each feature 

centroid to another centroid in the data are calculated and summed.  The feature 

with the shortest accumulative distance to all other features is selected and 

copied into a new ArcMap layer (Mitchell 2009) (Figures 7 and 8).  Central 
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feature tool was used to identify centrally located points in the WNV, CLO, and 

playa lake data. 
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Figure 7.  X,Y coordinate calculations for mean center. 

 

1 1
,( ) ( , )

n n

i ii i
mc mc

x y
X Y

n n

 
 

 

Figure 8.  Calculation of mean center with two mean coordinates where ,mc mcX Y
 

are coordinates of mean center ix
, iy

 are coordinates of point i, and n is number 
of points. 

The standard distance is used for a single summary feature distribution measure around 

the center.   It measures a degree of concentration or dispersion of features around a 

geometric mean or mean center (Figure 9) (Mitchell 2009).  
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Figure 9.  Standard distance point distribution equation.  

This statistic provides a single summary measure of feature distribution around 

the data center and creates a new polygon circle centered on the mean of each 

point.  Attribute value for each circle is a standard distance value.  Output is 
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either a large circle indicating widespread cases or a small circle indicating more 

localized cases (Mitchell 2009).  This tool was used to indicate dispersion of 

features in the WNV, CLO and playa lake data.  A one standard deviation 

polygon was used to cover 68% of the points.  The weight field selected was 

county and WNV as case field. 

To measure a trend for a set of points or areas, a calculation of a standard 

deviation of the x, y coordinates from the mean center is run separately.  These 

measures define the axes of an ellipse encompassing the distribution of features. 

The ellipse is referred to as the standard deviational ellipse, since the method 

calculates the standard deviation of the x coordinates and y coordinates from the 

mean center to define the axes of the ellipse (Figure 10) (Mitchell 2009). 
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Figure 10.  Standard deviational ellipse equations for x,y coordinates. 

This ellipse provides a visualization of the distribution of features to identify if 

they are elongated or have a particular orientation (Mitchell 2009).  A 

distributional trend was used to identify a standard deviational ellipse in the WNV 

dataset.  One standard deviation was selected for this database.  Weight field 

selected was county and WNV as case field. 
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Getis-Ord Gi* looks at a feature in relation to its neighboring features to identify 

hot and cold spots in the data.  Hot spot analysis calculates a Getis-Ord Gi* 

statistic for each feature within a dataset or layer and applies a cold-to-hot type 

rendering to the output Z scores (Figure 11) (Mitchell 2009). 

The Getis-Ord local statistic is: 
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 Figure 11.  Getis-Ord Gi* calculation. 

Where x j is attribute value for feature j wi,j  is the spatial weight between feature i 

and j, n is equal to the total number of features.   Gi* statistic is a Z-score. 

For point data fixed distance is recommended because it imposes a moving 

window conceptual model onto the data.  The Z-scores indicate where features 

with high or low values will cluster spatially (Mitchell 2009).   Gi* analysis was 

calculated on WNV data. 

Getis-Ord General G statistic measures high or low values of clustering in a data 

set.  For this statistic the null hypothesis states that the values associated with 

the data are randomly distributed (Figure 12) (Mitchell 2009). 
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Figure 12.  General G-statistic for a distance (d). 

Standardization of row is recommended when distribution of features is biased 

due to sampling design or imposed aggregation scheme.  Spatial weights are  

standardized with each weight divided by its row sum.  The Getis-Ord General G 

statistic was run on WNV data to determine areas of clustering. 

Moran’s I measures spatial autocorrelation by detecting spatial patterns of a point 

distribution.  It is a statistic that shows if a spatial pattern exists in the data.  This 

statistic calculates differences between targeted points and the mean for all 

points and then the difference between each neighbor and the mean of those 

neighbors and then compares those differences (Figure 13) (Mitchell 2009). 

Moran’s I is defined as: 
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Figure 13.  Moran’s I calculation. 

Where Xi is interval or ratio variable value in areal unit i.   A Moran’s I statistic 

was run on WNV data to determine local indicators of spatial association. 
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Anselin’s Local Moran’s I statistic evaluates where the spatial pattern is in the 

data and determines if the pattern expressed in the features is clustered, 

dispersed or random.  It measures spatial autocorrelation of feature similarity 

based on both feature locations and feature values simultaneously. The tool 

calculates the Moran's I Index value, Z-score and p-value to evaluate the 

significance of the index (Mitchell 2009; Lee and Wong 2001).  Moran’s I was 

used to identify the degree of spatial clustering within WNV cases, CLOs and 

playa lakes shapefiles.  
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Epidemic curve 

 An epidemic curve is a graphic depiction of the number of cases of illness or 

disease that illustrates the date of illness or disease onset.  Information on time 

trend, magnitude, pattern of spread, exposure or disease incubation period, date 

of onset, end of outbreak, duration and outbreak peak is depicted in the epidemic 

curve (Gordis 2004). 

The epidemic curve shape can reveal the type of outbreak such as a common 

source (continuous exposure), point source (common source outbreak exposure 

is brief or intermittent) or propagated (spread person to person) (Gordis 2004; 

University of North Carolina 2009). 

Exposure periods of an epidemic may be brief or long.  Intermittent exposure 

produces an epidemic curve with irregular peaks reflecting the timing and extent 

of exposure.  Continuous exposure results will see cases rise gradually and 

plateau rather than peak (Gordis 2004; University of North Carolina 2009). 

Epi Info™ (Version 3.5.1, Centers for Disease Control and Prevention, Atlanta, 

GA) is statistical software for public health professionals that is public domain 

and free from the Centers for Disease Control and Prevention.  Epidemic curves 

were created for Texas Health Region 1 human WNV disease data.   West Nile 

virus data were imported into Epi Info with the analysis tab to create a histogram 

epidemic curve.  Dates of human WNV onset were placed on the x-axis and 

number of WNV cases on the y-axis.  Data were graphed for outbreak interval 

incubation for four, eight, and 12 days. 
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Chapter III 

Results 

A breakdown summary of all the regional variables in this research is presented 

in Table 4.  A total of 432 human West Nile virus infections were recorded during 

2002 – 2008 with an overall prevalence of 0.586/1,000.  Total confined livestock 

operations (CLOs) identified in the region is 537 that include beef cattle, dairy 

cattle, and other confined livestock operations, e.g., swine, poultry, sheep, 

horses.  Castro and Deaf Smith counties have the largest concentration of CLOs 

with 78 and 72, respectively. 

A total of 17,653 playa lakes were identified in the 41 counties.  Floyd and Hale 

counties have the highest concentration of playa lakes with 1,721 and 1,249 

respectively. 

Total human population value utilized for this study was 736,770 (2008 census 

database).  Human population numbers were not varied by year to year.   

Lubbock, Potter and Randall counties are urban areas with a combined total 

human population of 499,882 which accounts for 67.84% of the region 

population. 

Results of reported human WNV are summarized in Table 5.   West Nile fever 

cases were the most numerous with 234 followed by 174 WNND cases.  A total 

of 24 flavivirus cases were recorded. 
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 Of the West Nile virus infections reported 53% were males.  A total of 28 

mortalities occurred in the region as a result of WNV infection.  August 18th was 

identified as the median date of WNV onset.  Average age among WNV patients 

was 49.8 years with 63% of whites acquiring the disease.  Twenty-four of the 

mosquito-borne cases reported in the WNV data received from Texas 

Department of State Health Services (TXDSHS) were reported as flavivirus 

cases.  Given the historical significance of encephalitis reported in the region, as 

well as confirmation by the TXDSHS lab of St. Louis encephalitis (SLE) cases 

from 2003 - 2005, this study included the 24 flavivirus cases.  Inclusion of this 

data provided a more accurate understanding of the spatial distribution of these 

mosquito-borne diseases, as well as what is occurring with WNV in the region. 
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Table 4.  Texas Panhandle and South Plains region human West Nile virus (WNV) 
infections, confined livestock operations (CLOs), playa lakes, overall period prevalence 
and county population by county, 2002 – 2009 (n=1,000). 

County WNV CLOs Playas Overall Period 
Prevalence of WNV 

County 
Population 

Armstrong 2 2 675 0.942 2,123 

Bailey  10 25 413 1.592 6,279 

Briscoe   3 0 831 2.051 1,462 

Carson 5 1 544 0.799 6,251 

Castro 24 78 610 3.366 7,129 

Childress 3 0 8 0.398 7,536 

Cochran  5 5 271 1.679 2,977 

Collingsworth  1 0 0 0.335 2,985 

Crosby  13 0 876 1.838 7,072 

Dallam  5 59 219 0.797 6,267 

Deaf Smith   15 72 452 0.810 18,501 

Dickens 1 0 288 0.408 2,450 

Donley 4 4 107 1.038 3,850 

Floyd 11 4 1721 1.704 6,455 

Garza  3 0 280 0.648 4,628 

Gray 4 7 748 0.179 22,248 

Hale 53 12 1249 1.504 35,234 

Hall 2 0 0 0.588 3,400 

Hansford 5 13 342 0.946 5,280 

Hartley 1 47 125 0.193 5,162 

Hemphill 1 3 8 0.288 3,472 

Hockley  9 1 1055 0.405 22,205 

Hutchinson 4 7 167 0.185 21,512 

King 1 0 17 3.558 281 

Lamb 17 21 1150 1.251 13,585 

Lipscomb 1 6 18 0.335 2,981 

Lubbock 83 7 1068 0.313 264,418 

Lynn* 3 0 799 0.518 5,783 

Moore 3 26 190 0.147 20,308 

Motley 1 0 49 0.793 1,260 

Ochiltree 5 15 593 0.520 9,613 

Oldham 4 3 160 1.939 2,062 

Parmer  18 67 433 1.951 9,224 

Potter 20 6 96 0.165 120,918 
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Table 4 Continued. 

County WNV CLOs Playas Overall Period 
Prevalence of WNV (n) 

County 
Population (n) 

Randall 67 7 561 0.584 114,546 

Roberts 0 0 109 0 833 

Sherman 4 26 214 1.365 2,930 

Swisher 17 8 873 2.221 7,654 

Terry 4 2 297 0.329 12,135 

Wheeler 0 3 0 0 4,772 

Yoakum 0 0 37 0 7,571 

Total 432 537 17653 0.586 736,770 
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Table 5.  Summary of Texas Panhandle and South Plains region human West Nile virus 
infections, 2002 – 2008.   

Year Total 
Cases 

WNND 
(Case) 

WNV 
Fever 

Sex Mortalities Median 
Onset 

Race Average 
Age 

2002 16 11 
(68.75%) 

5 
(31.25%) 

Males  
10 (63%) 

 
Females 
6 (37%) 

1 
(6.25%) 

9/11/2002 
 

White  
13 (81%) 
Hispanic  
2 (12%) 

Unknown 1 (6%) 

51 

2003 301 107 
(36%) 

175 
(58%) 

 
Flavivirus  

19 
(6%)  

Males 
146 

(49%) 
 

Females 
155 

(51%) 

18 
(6%) 

8/10/2003 
 

White  
170 

(56.4%) 
Hispanic  
66 (22%) 

Black  
4 (1.3%) 

Unknown  
61 (20.3%)  

48.01 

2004 50 22  
(44%) 

 

26 (52%) 
 

Flavivirus 
2 

(4%) 

Males  
33 (66%) 

 
Females 
17 (34%) 

4 
(8%) 

8/11/2004 White  
 41 (82%) 
Hispanic 
 7 (14%) 
Black  
2 (4%) 

47.24 

2005 24 15 
(62.5%) 

8 (33%) 
 

Flavivirus 
1 

(4.1%) 

Males  
16 (67%) 

 
Females 
8 (33%) 

1  
(4.2%) 

 

8/17/2005 
 

White  
19 (79%) 
Hispanic  
5 (20.8%) 

51.6 

2006 19 12  
(63%) 

6 (32%) 
 

Flavivirus             
(.053%) 

Males 
11 (58%) 

 
Females 
8 (42%) 

4 
(22%) 

8/272006 
 

White  
 13 (68%) 

Hispanic 4 (21%) 
Unknown   2 

(11%) 

54.5 

2007 18 7 (39%) 10 
(55.5%) 

 
Flavivirus 
1 (5.5%) 

Males  
7 (39%) 
Females 
11 (61%) 

0 9/4/2007 White 
13 (72%) 
Hispanic 
2 (11%) 

Unknown 
3 (17%) 

50 

2008 4 0 4 
(100%) 

Males 
3 (75%) 
Females  
1 (25%)  

0 7/17/2008 White  
4 (100%) 

46.5 

Total 
 

432 174 234 
 

Flavivirus 
24 

Males 
228 

(53%) 
 

Females 
204 

(47%) 

28 8/18 White 
273 (63%) 
Hispanic 
86 (20%) 

Black 
6 (1%) 

Unknown 
67 (16%) 

49.8 
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Prevalence of human WNND rates by county are listed in Table 6.  King County, 

in 2006, had the highest prevalence rate of WNND with 3.558, but has the 

smallest county population with 281 people.  Motley County, in 2004, had the 

second highest prevalence with 0.793, followed by Parmer County in 2003 with 

0.542. 

Human WNV fever county prevalence rates are listed in Table 7.  Castro County 

in 2003 had the highest prevalence rate of WNV fever cases with 2.104, followed 

by Swisher County with 1.306 in 2003.  Parmer County had the third highest 

prevalence of WNV fever with 1.804. 

Highest flavivirus prevalence (Table 8) during 2003 – 2007 was in Briscoe 

County with 0.683.  Oldham and Castro counties had the next highest flavivirus 

prevalence with 0.484 and 0.420 respectively.  A total of 24 flavivirus cases were 

identified in the region. 

St. Louis encephalitis cases were also reported in the region during 2003 – 2005.  

A total of 17 SLE cases were identified with one mortality (Table 9), with a 

median onset of 11/8/2003 and average age of 55.88. 
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Table 6.   Prevalence of human WNND in Texas Panhandle and South Plains, 2002 – 
2008 (n= 1,000).  

County WNND 
2002 

WNND 
2003 

WNND 
2004 

WNND 
2005 

WNND 
2006 

WNND 
2007 

WNND 
2008 

Armstrong 0 0.471 0 0 0 0 0 
Bailey 0 0.318 0 0 0.159 0 0 
Briscoe 0 0 0 0 0 0 0 
Carson 0 0 0 0.159 0 0 0 
Castro 0 0.420 0 0 0 0 0 
Childress 0.132 0.132 0.132 0 0 0 0 
Cochran 0 0.335 0 0 0 0 0 
Collingsworth 0 0 0 0 0 0 0 

Crosby 0.282 0.141 0 0 0 0 0 
Dallam 0 0.159 0 0 0 0 0 
Deaf Smith 0 0.216 0.054 0 0 0 0 
Dickens 0 0 0.408 0 0 0 0 
Donley 0 0.259 0 0 0.519 0 0 
Floyd 0.154 0.464 0 0 0 0 0 
Garza 0.216 0 0.216 0 0 0 0 
Gray 0 0.179 0 0 0 0 0 

Hale 0.056 0.312 0.113 0 0.028 0 0 
Hall 0 0.294 0 0 0 0 0 
Hansford 0 0 0 0 0.189 0 0 
Hartley 0 0 0 0 0 0 0 
Hemphill 0 0.288 0 0 0 0 0 
Hockley 0 0.090 0.090 0.045 0 0 0 
Hutchinson 0 0.046 0.046 0.046 0 0 0 
King 0                 0 0 0 3.56 0 0 

Lamb 0 0.368 0 0 0.074 0 0 
Lipscomb 0 0 0 0 0 0 0 
Lubbock 0 0.098 0.015 0.026 0.015 0.011 0 
Lynn 0 0 0 0.172 0 0 0 
Moore 0 0.098 0 0 0 0 0 
Motley 0 0 0.793 0 0 0 0 
Ochiltree 0 0.104 0 0 0 0 0 
Oldham 0 0.484 0.484 0 0 0 0 

Parmer 0 0.542 0.108 0 0.108 0 0 
Potter 0.008 0.024 0.008 0.008 0 0 0 
Randall 0.026 0.183 0.008 0 0 0.017 0 
Roberts 0 0 0 0 0 0 0 
Sherman  0 0 0.341 0.341 0 0.341 0 
Swisher 0 0.391 0.130 0.130 0 0 0 
Terry 0 0.082 0 0 0 0.082 0 
Wheeler  0 0 0 0 0 0 0 

Yoakum  0 0 0 0 0 0 0 
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Table 7.  Prevalence of human WN fever in Texas Panhandle and South Plains, 2002 – 
2008 (n = 1,000).  

County  Fever 
2002 

     Fever 
2003 

   Fever 
2004 

 Fever 
2005 

  Fever 
2006 

 Fever 
2007 

Fever 
2008 

Armstrong 0 0.471 0 0 0 0 0 

Bailey 0 0.796 0 0.159 0 0 0 

Briscoe 0 0.683 0 0.683 0 0 0 
Carson 0 0.319 0.319 0 0 0 0 

Castro 0 2.104 0.280 0.140 0.140 0.140 0.140 

Childress 0 0 0 0 0 0 0 

Cochran 0 0.671 0.671 0 0 0 0 

Collingsworth 0 0.335 0 0 0 0 0 

Crosby 0 0.848 0.141 0.141 0 0 0 

Dallam 0 0 0.159 0.159 0 0 0 
Deaf Smith 0 0.432 0 0 0 0 0 

Dickens 0 0 0 0 0 0 0 

Donley 0 0.259 0 0 0 0 0 

Floyd 0 0.774 0.154 0.154 0 0 0 

Garza 0.216 0 0 0 0 0 0 

Gray 0 0 0 0 0 0 0 

Hale 0.056 0.737 0.056 0.028 0.0567 0.056 0.056 
Hall 0 0.294 0 0 0 0 0 

Hansford 0 0.757 0 0 0 0 0 

Hartley 0 0 0 0 0 0 0 

Hemphill 0 0 0 0 0 0 0 

Hockley 0 0.090 0.090 0 0 0 0 

Hutchinson 0 0.046 0 0 0 0 0 

King 0 0 0 0 0 0 0 

Lamb 0 0.588 0 0 0.147 0.147 0.147 
Lipscomb 0 0 0.335 0 0 0 0 

Lubbock 0 0.094 0.015 0.003 0.003 0.003 0.003 

Lynn 0 0.172 0 0 0 0 0 

Moore 0 0 0 0.049 0 0 0 

Motley 0 0 0 0 0 0 0 

Ochiltree 0 0.104 0.104 0 0 0 0 

Oldham 0 0 0.484 0 0 0 0 
Parmer 0 1.084 0 0 0 0 0 

Potter 0 0.074 0.008 0 0 0 0 

Randall 0.008 0.261 0.034 0 0 0 0 

Roberts 0 0 0 0 0 0 0 

Sherman  0 0 0.341 0 0 0 0 

Swisher 0 1.306 0 0 0 0 0 

Terry 0.082 0.082 0 0 0 0 0 
Wheeler  0 0 0 0 0 0 0 

Yoakum  0 0 0 0 0 0 0 
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Table 8.  Prevalence human flavivirus in Texas Panhandle and South Plains, 2003 – 
2007 (n = 1,000). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

County Flavivirus 
     2003 

Flavivirus 
2004 

Flavivirus 
2005 

Flavivirus 
2006 

Flavivirus 
2007 

Armstrong 0 0 0 0 0 
Bailey  0 0 0 0 0 
Briscoe 0.683 0 0 0 0 
Carson 0 0 0 0 0 
Castro 0.420 0.140 0 0 0 
Childress 0 0 0 0 0 
Cochran  0.335 0 0 0 0 
Collingsworth  0 0 0 0 0 
Crosby  0.282 0 0 0 0 
Dallam  0.159 0 0 0 0 
Deaf Smith  0.054 0 0.054 0 0 
Dickens 0 0 0 0 0 
Donley 0 0 0 0 0 
Floyd 0 0 0 0 0 
Garza  0 0 0 0 0 
Gray 0 0 0 0 0 
Hale 0.028 0 0 0 0 
Hall 0 0 0 0 0 
Hansford 0 0 0 0 0 
Hartley 0 0 0 0 0 
Hemphill 0 0 0 0 0 
Hockley  0 0 0 0 0 
Hutchinson 0 0 0 0 0 
King 0 0 0 0 0 
Lamb 0 0 0 0 0 
Lipscomb 0 0 0 0 0 
Lubbock 0.007 0.007 0 0.003 0.003 
Lynn 0.172 0 0 0 0 
Moore 0 0 0 0 0 
Motley 0 0 0 0 0 
Ochiltree 0.104 0 0 0 0 
Oldham 0.484 0 0 0 0 
Parmer  0 0.108 0 0 0 
Potter 0.033 0 0 0 0 
Randall 0.008 0 0 0 0 
Roberts 0 0 0 0 0 
Sherman 0 0 0 0 0 
Swisher 0.261 0 0 0 0 
Terry 0 0 0 0 0 
Wheeler 0 0 0 0 0 
Yoakum 0 0 0 0 0 
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Table 9. Reported St. Louis encephalitis (SLE) cases in Texas Panhandle and South 
Plains region, 2003 – 2005. 

Year Total 
SLE 

Cases 

Sex Mortalities Median 
Onset 

Race Average 
Age 

2003 14 Males = 10 

 Females = 
7 
 

0 8/23/2003 White = 9 

 Hispanic = 2 

 N/A = 3 
 

57.07 

2004 2 Male = 1 
Female = 1 

0 9/10/2004 White = 2 50.5 

2005 1 Male = 1 1 2/18/2005 White 50 
 

Total 
17 Males = 10 

 Females = 
7 
 

1 11/8/2003 
 

White = 12 

 Hispanic = 
2 

 N/A = 3 
 

55.88 
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Prevalence maps of human WNV cases were created for 2002 – 2008 (Figures 

14 - 20) to illustrate WNV prevalence rates by county in the region.  Rates 

ranged from 0.00 to 30.00+ based on a rate of n=1,000.  Highest prevalence for 

2002 was in Hale County with 2.05.  Highest prevalence for 2003 was in Randall 

County with 30.18, followed by Hale County with 26.31 and 25.09 in Lubbock 

County.  Highest prevalence in 2004 was in Lubbock County with 4.02 followed 

by Randall County with 4.01.  Lubbock County had the highest prevalence in 

2005 with 1.03.  King County had the highest prevalence with 3.55 in 2006.  

Highest prevalence in 2007 was in Randall County with 3.02.  Castro, Hale, 

Lubbock and Randall Counties all had prevalence rates of 1.00 in 2008. 

 

Figure 14.  Human West Nile virus prevalence in Texas Panhandle and South 
Plains region, 2002. 
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Figure 15.  Human West Nile virus prevalence in Texas Panhandle and South 
Plains region, 2003. 

 

 

Figure 16.  Human West Nile virus prevalence in Texas Panhandle and South 
Plains region, 2004. 
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Figure 17.  Human West Nile virus prevalence in Texas Panhandle and South 
Plains region, 2005.   

 

Figure 18.  Human West Nile virus prevalence in Texas Panhandle and South 
Plains region, 2006.  
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Figure 19.  Human West Nile virus prevalence in Texas Panhandle and South 
Plains region, 2007. 

 

Figure 20.  Human West Nile virus prevalence in Texas Panhandle and South 
Plains region, 2008. 
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General spatial distribution patterns of human West Nile virus, flavivirus and St. 

Louis encephalitis cases in the Panhandle and South Plains region are illustrated 

in figures 21 to 25. 

 

Figure 21.  Overall spatial distribution pattern of human WNV cases in Texas 
Panhandle and South Plains region from 2002 – 2008.  Circles represents 
human WNV reported cases. 

 

Figure 22.  Overall spatial distribution pattern of human WNND cases in Texas 
Panhandle and South Plains region from 2002 – 2008.  Circles represent human 
WNND cases in the region. 
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Figure 23.  Overall spatial distribution pattern of human WN fever cases in Texas 
Panhandle and South Plains region from 2002 – 2008.  Circles represent human 
WN fever cases in the region. 

 

 

Figure 24.  Overall spatial distribution pattern of human flavivirus cases in Texas 
Panhandle and South Plains region from 2002 – 2008.   Triangles represent 
human flavivirus cases in the region. 
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Figure 25.  Spatial distribution pattern of human St. Louis encephalitis (SLE) 
cases in Texas Panhandle and South Plains region from 2003 – 2005.  Circles 
represent human SLE cases in the region. 

 

A total of 537 CLOs were identified in this region (Figure 26).  Dairy operations 

total 304, followed by 188 cattle operations in the region.  Other CLO’s include 45 

operations of swine, poultry, sheep, and horse feeders.  Twelve counties do not 

have CLOs within their boundaries. 
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Figure 26.  Number of confined livestock operations occurring in the Texas 
Panhandle and South Plains region by county. 

Mosquito control results 

Out of the 41 counties in the region, only ten counties responded with data 

regarding their mosquito control practices.  Fourteen cities out the 28 (50%) 

contacted have effective mosquito control practices.  The city of Miami in Roberts 

County responded that the city cannot afford effective mosquito control.   Primary 

application types in the region are truck-mounted fogging/ULV and larvicide 

treatments.  Cities that use truck-mounted fogging/ULV and larvicide treatments 

are:  Muleshoe (Bailey Co), Pampa (Gray Co), Abernathy (Hale Co), Canadian 

(Hemphill Co), Plainview (Hale Co), Levelland (Hockley Co), Littlefield (Lamb 

Co), Perryton (Ochiltree Co), Amarillo (Potter Co) and Canyon (Randall Co).  

Aerial spraying is performed in the region.  Cities that do contract out to aerial 
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sprayers include:  Dimmitt (Castro Co), Guthrie (King Co), Floydada (Floyd Co) 

and Plainview (Hale Co).  City budgets regulate how many times an aerial 

sprayer is used and those records are not kept by cities, but by the aerial 

spraying companies in the region.   Spray applications are based on mosquito 

populations and are treated at the city managers discretion. Additionally, 

spraying does increase when mosquito populations are high often treating as two 

to three times a week until the lay cycle is broken (Wooten 2010 personal 

communication). 

Table 10 lists pesticides used throughout the region from 2002 – 2009 with the 

percentage of active ingredients.  Malathion is the preferred pesticide of small 

cities, i.e., Littlefield (Lamb Co), Levelland (Hockley Co) Plainview, Floydada and 

Muleshoe (Bailey Co).  Based on question responses’ of commercial solutions 

with the active ingredient a total of 14,980.1 L of malathion was applied during 

2002 – 2009.  Permethrin based formulas for mosquito control products were 

used in larger cities, i.e., Canyon (Randall Co) and Amarillo (Potter Co), as well 

as Pampa (Gray Co) and Canadian (Hemphill Co).  A total of 13,554.5 L were 

used by these cities from 2002 – 2009.  Resmethrin is another a product used in 

Canyon with a total of 3,656.3 L.  Temephos was also reported used with a total 

of 3,859.1 L in Amarillo, Perryton (Ochiltree Co), Muleshoe, Littlefield, Plainview, 

and Canadian.  A total of 20,863 methoprene brickets were used in Perryton, 

Plainview, Amarillo, and Canyon.  Canyon and Muleshoe also used sumithrin 

with a total of 3,417.2 L.  Larvicides reported being used were oils (1,663.2 L) in 

Plainview and B. sphaericus at 28.9488 kg in Amarillo.   
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Table 10. Known pesticides used by cities in Panhandle and South Plains region, 2002 – 
2009. 

Chemical 
Name 

Formula Trade 
Name 

Formulation Active 
Ingredient 

Application 

Temephos C16H20O6P2S

3  

 

Abate®  
Clarke® 

Granules 
Emsulsifiable 
Concentrate  

2 – 5% 
5% 

Larvae, 
especially 
floodwater 
species  

Methoprene C
19

H
34

O
3
 Altosid® Granules 

Briquets 
Pellets 
Liquid 
Concentrate 

1.5% 
8.62% 
4.25% 
5% 

Larvae 

Oils N/A BVA Liquid  97% Larvae 
Pupae 

Bacillus 
sphaericus 

(Bs) 

N/A VectoLex-
CG® 

Granules 
Water-
Dispersible 
Granule 

7.50% Effects all 
larval 
stages 

Malathion C10H19O6PS2 Fyfanon® ULV 
Thermal fog 

96.5% Adult 

Permethrin C21H20Cl2O3 Biomist® 
AquaResilin
® 
Kontrol 30-
30® 
Prentox UL 
30/30® 

ULV 
Thermal fog 

30% + 30% 
Piperonyl 
butoxide 

Adult 

Resmethrin C22H26O3 Scourge® ULV 
Thermal fog 

18% + 
54% 
piperonyl 
butoxide 

Adult 

Sumithrin C23H26O3 Anvil® ULV 
Thermal fog 

10% + 
10% 
piperonyl 
butoxide 

Adult 
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SaTScan results 

SaTScan analyses results are illustrated in both tables and cluster maps.  Table 

information provides cluster center coordinates, location, radius of cluster (km), 

cluster time frame, number of cases within the identified cluster, expected cases 

in that cluster, observed/expected cases, cluster likelihood ratio, Monte Carlo 

rank, and p – value of cluster. 

Retrospective space-time permutation (STP) models analyzed WNV and CLO 

data.  Data were scanned for high rates, time aggregation length of day with n = 

9,999 permutations.  Tables 11 to 13 are the results of all the WNV and CLO 

from SaTScan.  Table 11 lists data results of the most likely human WNV clusters 

data run as individual years.  The 2005 year had the highest likelihood ratio 

(3.7648) for WNV cases with observed/expected cases of 8.00 indicating that this 

cluster is less likely to occur by chance.  No WNV clusters were found in 2002, 

2004, or 2008.  Analysis identified 12 secondary clusters in 2003 in Randall, 

Potter, Armstrong, and Carson Counties with likelihood ratios between 0.5865 - 

0.5832 and p –values of 0.9898 - 0.9976.  Also identified were 15 secondary 

clusters in 2005 with the radius being in Castro, Deaf-Smith, Briscoe, Swisher, 

Hale, Floyd, Potter, Hockley, Lubbock, Carson, Bailey, Crosby, Hutchinson, and 

Moore Counties with likelihood ratios between 3.7648 - 2.0759 and p – values of 

0.1760 - 0.9976.  Total analyses time took 14h, 50 min, 26 sec using two 

processors.
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Table 11.  Results of SaTScan retrospective space-time permutation model analyses scanned at high rates for most likely human WNV  

clusters with n = 9,999 permutations. 
Year Coordinates * County Radius  

Km 
Time Frame  # Cases Expected 

Cases 
Observed/Expected 
Cases  

Likelihood Ratio   
Λ 

Monte Carlo Rank  p-value  
 

WNV as separate years 
2003 35.180349  

-101.931889  
Randall  0.88 8/10 -8/16 2  0.83 2.40 0.5865 9898 0.9898 

2005 33.597237  
-101.963708  

Lubbock 8.29 9/27 -11/15 3  0.38 8.00 3.7648 1760 0.1760 

2006 33.925620  
-102.153449  

Hale 
Lamb 

31.84 10/5 – 
10/19 

2  1.00 2.00 0.4146 10000 1.000 

2007 33.496450  
-102.013549  

Lubbock 9.46 8/30 -10/13 2  0.83 2.40 0.6248 9169 0.9169 

All WNV cluster 
2003 35.180349 

-101.931889 
Randall  0.88  8/10 – 

 8/16 
  2 0.67 3.00 0.8659 9947 0.9947 

           
WNND cluster 
2005
-
2007 

33.596151 
-101.777838 

Lubbock   9.99 11/15/05 – 
8/16/07 

  6 1.36 4.40 4.3164 5385 0.5385 

           
WNV Fever cluster  
2003
-
2004 

34.320690 
-102.190259 

Castro 
Hale 
Lamb 
Parmer  

   39.61 9/10/03 –  
6/28/04 

  4 0.54 7.39 4.5685 3561 0.3561 

           
Flavivirus cluster 
2003 33.822810 

-103.020124 
Castro 
Cochran 
Lubbock 
Parmer 

103.10  9/1/ – 
 9/18/ 

  2 0.42 4.80 1.5985 1638 0.1638 
 

* : Latitude and longitude coordinates cluster center:  Observed number of cases within the cluster divided by the expected number of cases within the cluster when the null 

hypothesis is true, that is, when the risk is the same inside and outside the cluster.  Meaning it is the estimated risk within the cluster divided by the estimated risk for the study      

region as a whole. It is calculated as: c/E[c].  

:   n = 9,999 permutations 

:  α = 0.05 
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Separate retrospective STP models were executed on all the human WNV, 

WNND, WNV fever, and flavivirus cases (Table 11).  The highest likelihood ratio 

was the fever cluster with 4.5685 in Castro, Hale, Lamb and Parmer Counties 

with four cases and 7.39 observed/expected cases.  The largest cluster was 

flavivirus with a radius of 103.10 Km. 

A total of 26 secondary clusters were identified in the all WNV dataset with p-

values between 0.9947 - 0.9999 and likelihood ratio between 0.8595 – 0.7693.  

Analysis time for this data was 228 h, two min, four sec with eight processors.  

Analysis identified 28 other WNND secondary clusters, with a p-value between 

0.8106 - 0.9999 with likelihood ratio between 4.2835 – 3.0106.  Analysis time for 

this data was 40 h, 13 min, 30 sec with eight processors.  Analysis identified 47 

other WN fever secondary clusters with p-values between 0.3361 – 0.9999 with 

likelihood ratios between 4.5685 – 3.3093.  Processing time was for this data 68 

h, 27 min, 54 sec with eight processors.  Eight secondary clusters were identified 

in the flavivirus data with p-values between 0.9736 – 0.9920 and likelihood ratios 

between 0.8957 – 0.6211.  Processing time was five h, 29 min, and 42 sec with 

two processors for this data. 

STP models were executed on all CLOs combined, beef cattle, dairy cattle and 

other livestock operations data (Table 12).  The all CLO cluster was determined 

.
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Table 12.  Results of SaTScan™ retrospective space-time permutation model of most likely cluster of confined livestock operations in 
Texas Health Region 1 from 2004 – 2009 with n = 9,999 permutations. 

Year Coordinates * County Radius 
Km 

Time 
Frame  

# 
Cases 

Expected 
Cases 

Observed/Expected 
Cases  

Likelihood Ratio  Λ Monte Carlo Rank  p-value 
 

All CLO cluster 
2007 36.055833 

-
102.623330 

 Dallam 
 Moore  

3.42 5/3/ – 
6/26 

5 0.42        12.02          7.8692            370 0.0370 

           
Beef Cattle cluster 
2004 34.526944 

-
102.496660 

Castro 
Deaf 
Smith 
Parmer  

19.78 10/24 -
10/27 

7 1.67         4.19          4.7735         1662 0.1662 

           
Dairy Cattle Cluster 
2007 36.055833 

-
102.623330 

Dallam 
Moore 

3.42 5/3/ – 
6/26 

5 0.58        8.58         6.3619           812 0.0812 

           
Other Confined Livestock cluster  
2007 36.110555 

-
101.667770  

Moore 
Sherman  

19.82 2/17   3      0.75       4.00        1.9670                             773                            0.0773 
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to be in Dallam and Moore counties with a likelihood ratio of 7.8692 and a 

significant p – value of 0.0370.  The dairy cluster was also identified in Dallam 

and Moore counties with a likelihood ratio of 6.3619 and p-value of 0.0812. 

Analysis identified 64 other secondary clusters in the all CLO dataset with p-

values between 0.0370 - 0.9999 and likelihood ratios between 7.8692 – 4.8719.  

Analysis time for the data was 235 h, six min, 18 sec with eight processors.  

Analysis identified 36 other clusters in the beef cattle data with p-value ranging 

from 0.1949 - 0.9999.  The likelihood ratio ranged from 4.6712 - 2.8206.  

Analysis time was 30 h, 40 min, 52 sec with eight processors.  Analysis identified 

42 other secondary clusters in the dairy dataset with p-values between 0.0812 to 

0.9999 and likelihood ratios between 6.3619 - 4.0554.  Analysis time for this data 

was 75 h, 12 min, 16 sec with eight processors.  Analyses identified 34 other 

secondary clusters in the other confined livestock operations with a p-values 

between 0.0773 – 0.9999 and likelihood ratio between 1.9670 – 0.6056.  

Analysis time was 12 h, 27 min, 31 sec with two processors for this data. 

Prospective STP model analyses were run on all WNV case data with a day time 

aggregation (Table 13).  The all WNV data likelihood ratio is 0.5820 with a p – 

value of 0.1863 with an occurrence interval of five days.  The highest likelihood 

ratio of 3.0332 is for WNND with a p – value of 0.4147 and a recurrence of two 

days. 
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Table 13.  Results of SaTScan™ prospective space-time permutation model analysis scanned for high rates for most likely WNV 
cluster for continuous data 2002 – 2008 with n = 9,999 permutations. 

  
Year Coordinates * County Radius 

Km 
Time Frame  # Cases Expected 

Cases 
Observed/ 
Expected Cases 
 

Likelihood Ratio Λ Monte Carlo Rank  p-value  Recurrence 
Interval 

All WNV cluster  
2005 
-
2008 

33.581974 
-101.897398 

Lubbock 3.37 11/15/05- 
12/31/08 

     3    1.50     2.00        0.5820          1863 0.1863     5 days 

            
WNND cluster 
2005
-
2008 

33.596151 
-101.777838 

Lubbock 9.99 11/15/05 – 
12/31/08 

  6 1.82   3.30      3.0332        4147 0.4147 2 days 

            
WNV fever cluster  
2007
-
2008 

35.138954 
-101.923681 

Randall 0.44 8/25/07 – 
12/31/08 

  2 0.23   8.67     2.5565      7809 0.7809 1 day 

            
Flavivirus cluster 
2006 
– 
2007 

33.506075  
-101.382202 

Crosby 
Lubbock 

44.90 1/20/06 – 
12/31/07 

    2          0.67       3.00                  0.8957                       4604                      0.4604    2 days 
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Analyses identified 56 other secondary clusters in all human WNV data 2002 – 

2008 with p-values between 0.1863 – 0.9908 and likelihood ratios between 

0.5820 – 0.1518 with a recurrence interval at one day. Analysis time for this data 

was 55 min, 34 sec using eight processors on Microsoft 2003 Server with time 

aggregation of day.  Analysis identified 13 other WNND secondary clusters with 

p-values between 0.6384 – 0.9982 and likelihood ratios between 2.6651 – 

1.5903 with a one day recurrence. Analysis time for this data was four min, three 

sec with eight processors.  Analysis identified 13 other secondary clusters in the 

WNV fever data with p-values between 0.7809 – 0.9999 with likelihood ratios 

between 2.5565 – 1.3668. Analysis identified three secondary clusters in the 

flavivirus data with p- values between 0.4604 – 0.8003 and likelihood ratio 

0.8957 – 0.1523 with recurrence between two and one days. 

A purely spatial model was run on playa lakes (Table 14) that yielded radius, 

number of cases, mean inside, mean outside, variance, standard deviation, 

likelihood ratio, and p – value.  Total number of playa lakes identified in the most 

likely cluster was 6,710 with a variance of 90,958.7, standard deviation of 301.59, 

likelihood ratio 2399.85 and significant p – value 0.001. 



                                                                 Texas Tech University, Christena Stephens, December 2010 

77 

Table 14.  Results of SaTScan purely spatial model analysis of most likely cluster in playa lakes Texas Health Region 1 with n = 999 
permutations.  

Coordinates * County Radius 
Km 

# 
Cases 

Mean 
inside 

Mean 
outside 

Variance Standard 
deviation 

Likelihood 
Ratio  Λ 

Monte Carlo Rank 
 

p-value  

33.9550000 
-101.741000 

Briscoe 
Castro 
Crosby 
Floyd 
Hale 
Hockley 
Lamb 
Lubbock 
Swisher  

65.41 6710 627.98 281.05 90958.78 301.59 2399.85949              1 0.001 
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Playa lake data summary included 17,653 locations with a mean of 412.57, 

variance 119,292.33 and standard deviation of 345.39.  Analysis identified 1,763 

secondary clusters in this data with p – value of 0.001 and likelihood ratio 

between 2396.06 – 2000.55.  Computation time could not be retrieved because 

of the limits of opening the file in MS Word. 

Provided in Appendix A are the results of additional SaTScan analyses that were 

run for month and year time-frames.  These analyses were conducted to 

determine if running the WNV and CLO data at these time aggregations would 

provide additional data results. 

SaTScan Map Interpretation 

Most likely clusters identified from the SaTScan analyses were imported and 

mapped into ArcGIS.  Cluster information for the retrospective and prospective 

results is outlined in the map rectangles. 

Distribution of all combined CLOs (Figure 27) in the Panhandle and South Plains 

region occurs primarily in the western and northern counties.  Heaviest 

concentrations occur with dairy cattle and beef cattle operations in Dallam, 

Hartley, Sherman, Moore, Deaf Smith, Parmer, Castro, Bailey and Lamb 

counties.   A total of 188 beef cattle, 304 dairy cattle and 45 other confined 

livestock operations are in the region.  Other operations primarily occur in the 

northern region Sherman, Hansford, Ochiltree, Hartley, and Moore counties with 
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 a majority of these being swine operations. Over 5.5 million beef cattle are 

permitted with over 2.6 million permitted dairy cattle and 4.1 million permitted head at 

other livestock operations in this region.  
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Figure 27.  Breakdown of all registered confined livestock operations in Texas 
Panhandle and South Plains region, 2004 – 2009. 
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A significant playa lake cluster (p – value 0.001) was identified with a geographic 

center in Hale County (Figure 28).  The cluster radius falls in nine counties: 

Crosby, Lubbock, Hockley, Lamb, Hale, Floyd, Swisher, Briscoe, and Castro.  

Standard deviation of this cluster is 301.59 with a variance of 90,958.78 for all 

variables in the data and a maximum likelihood ratio of 23,999.85.  The findings 

determine that this cluster is not likely to have occurred by chance within the 

playa lake data. 
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Figure 28.  SaTScan results of the most likely playa lake cluster in Texas 
Panhandle and South Plains region. 
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The human WNV database was divided into four categories:  1) all WNV cases, 

2) WNND, 3) WN fever and 4) flavivirus.  Four space-time permutation cluster 

were identified by SaTScan during 2002 – 2008. 

Retrospective analyses cluster results of all human WNV infection data in Texas 

Panhandle and South Plains region from 2002 – 2008 (Figure 29).  Also depicted 

are the CLOs and playa lakes points to relate to the mapped clusters.  The 

highest likelihood ratio was for WNV fever with 4.5685 with a p-value of 0.3561.  

This cluster falls in Castro, Hale, Lamb, Parmer and Swisher Counties.   The next 

highest maximum likelihood cluster was for the WNND with 4.3164, followed by 

the flavivirus cluster with a 1.5985 likelihood ratio.  The smallest WNV cluster 

was for the entire WNV database with a likelihood of 0.8659.  All of these clusters 

are least likely to have occurred by chance during 2002 – 2008 even though the 

p-values results for all the clusters were not statistically significant. 
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Figure 29.  Reported human West Nile virus infection clusters using retrospective 
analysis in Texas Panhandle and South Plains region, 2002 – 2008. 
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The confined livestock operation database was divided into four categories:  1) 

all CLOs, 2) beef cattle, 3) dairy cattle and 4) other livestock operations.  Four 

space-time permutation clusters were identified by SaTScan during the time 

period of 2004 – 2009 (Figure 30). 

The all CLO cluster is in Dallam and Hartley counties with five observed and 0.42 

expected operations.  Likelihood ratio is 7.8692 with a significant p – value of 

0.037.  The other CLO cluster is in Sherman, Hansford, Moore and Hutchinson 

Counties.  Swine production is identified as the operation in the cluster. 

Dairy cluster and all CLO cluster were identified in the same location with 

different operations.  The dairy cluster had 10.58 observed and 8.58 expected 

operations with a likelihood ratio of 6.3619 with a p – value of 0.0812.  The cattle 

operation cluster is in Parmer and Castro Counties with 1.67 observed and 4.19 

expected operations.  Likelihood ratio for this cluster is 4.7735 with a p – value of 

0.1662. 

Clustering was identified for all CLOs in the study region with the largest cluster 

identified as the other CLO operation of 19.82 km. 
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Figure 30.  Identified regional clusters of confined livestock operations in Texas 
Panhandle and South Plains region, 2004 – 2009. 
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Mapped clusters of human WNV infections and CLOs are presented in Figure 31.  

The all WNV and WNND clusters in this region have no correlation to the all 

CLO, dairy and other CLO clusters.  Correlation is determined based on how the 

cluster boundaries fall within another cluster.  West Nile fever cluster does have 

a correlation to the beef cattle operations cluster in the region in Parmer and 

Castro Counties.  The flavivirus cluster with the largest radius of 103.10 km also 

has a correlation to beef cattle operations.  The beef cattle operation cluster has 

a likelihood ratio of 4.7735 and p – value of 0.1662. 
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Figure 31.  Reported human West Nile virus infections and confined livestock 
operations clusters in Texas Panhandle and South Plains region, 2002 – 2009. 
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Mapped retrospective clusters of human WNV and playa lakes are presented in 

Figure 32.  The all WNV cluster does not have a correlation to the playa lake 

cluster.  It occurs along the border of Randall and Potter Counties, the second 

highest urban center in the region.  The WNND, WN fever and flavivirus clusters 

do have a correlation to the playa cluster identified in the region. 
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Figure 32.  Reported human West Nile virus infections and playa lake clusters in 
Texas Panhandle and South Plains region, 2002 – 2008. 
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Human WNV, CLOs and playa lake clusters are presented in Figure 33.  Clusters 

with potential influence on WNV infection distribution and maintenance are playa 

lakes and beef cattle operations.  West Nile fever cluster is in Hale, Lamb, 

Castro, Parmer, and Swisher Counties and falls in both the beef cattle and playa 

lake cluster with a likelihood ratio of 4.5685 and p – value 0.361.  The WNND 

cluster in Lubbock County falls within the playa lake cluster.  Flavivirus cluster 

falls within 10 counties with a likelihood ratio of 1.5985 and p – value of 0.1638. 

None of the WNV clusters have no correlation to the all CLO, dairy, and other 

CLO clusters.  The all WNV cluster does not have a correlation to any features in 

the region.  This cluster falls on the border of Randall and Potter Counties, the 

second highest population center in the region. 

West Nile fever cases do have a correlation to beef cattle operations in the 

region.  Flavivirus cluster with the largest radius of 103.10 km also has a 

correlation to beef cattle operations.  The beef cattle operation cluster has a 

likelihood ratio of 4.7735 and p – value of 0.1662.  West Nile fever, WNND, and 

flavivirus cases all have a correlation to the playa lake cluster in the region with a 

significant p – value of 0.001. 
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Figure 33.  Mapped clusters of reported human West Nile virus infections, playa 
lakes and confined livestock operations in Texas Panhandle and South Plains 
region, 2002 -2009. 
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Prospective space-time analysis, that provides early disease outbreak detection 

based on the number of cases, identified four WNV clusters (Figure 34).  The 

smallest cluster is WN fever in Randall County with 0.23 observed and 8.67 

expected cases with a likelihood ratio of 2.5565 and p – value 0.7809. 

Prospectively WN fever would have a one day reoccurrence.  The reoccurrence 

interval is an alternative to the p-value and reflects how many times this cluster 

will be observed by chance. 

Lubbock County was identified with the all WNV cluster with 1.50 observed and 

2.00 expected cases.  Likelihood ratio for this cluster is 0.5820 with p – value 

0.1863 with a reoccurrence of two days.  The WNND cluster was identified in 

Lubbock County with a 1.82 observed and 3.30 expected cases and likelihood 

ratio of 3.0332 and p – value 0.4147 with a reoccurrence of five days. 

The largest cluster identified is the flavivirus cluster in Crosby, Lubbock, Garza, 

Lynn, and Dickens Counties with 0.67 expected and 3.00 observed cases.  Its 

likelihood ratio is 0.8957 with a p – value 0.4604 with a reoccurrence of two days.  

None of these clusters was statistically significant. 
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Figure 34.  Human West Nile virus infections prospective clusters in Texas 
Panhandle and South Plains region, 2002 – 2008.  
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Figure 35 represents prospective mapped clusters of all human WNV data and 

CLOs.  None of the prospective WNV clusters are spatially correlated to any of 

the CLO clusters in the region.  The only statistically significant cluster is the all 

CLO cluster with a p - value of 0.037. 
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Figure 35.  Prospective clusters of confined livestock operations and human 
West Nile virus cases in Texas Panhandle and South Plains region, 2002 – 2009. 
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Prospective analysis results of the WNV and playa lake clusters is depicted in 

Figure 36.  The WNV clusters of WNND, all WNV and flavivirus all fall within the 

boundaries of the playa lake cluster.  The WNV clusters are not statistically 

significant, however; the likelihood ratio of 3.0332 for the WNND is high.  The all 

WNV cluster has the highest days of possible reoccurrence with five days. 
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Figure 36.  Human West Nile virus infections and playa lakes prospective 
clusters in Texas Panhandle and South Plains region, 2002 – 2008. 
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Prospective WNV clusters are mapped (Figure 37) with the CLO and playa lake 

clusters.  The all WNV and WNND cluster are both in Lubbock County.  

Flavivirus cluster is in Lubbock, Garza, Floyd, Crosby, Lynn, and Dickens 

Counties.  All three of these clusters fall within the playa lake cluster.  In the 

prospective analyses none of the WNV clusters occur in close proximity to CLOs 

in the region. 
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Figure 37.  Human West Nile virus infections, confined livestock operations and 
playa lakes prospective clusters in Texas Panhandle and South Plains region, 
2002 – 2009. 
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To account for the population variable in the Panhandle and South Plains region, 

a SaTScan program was run at 999 permutations with a day time aggregation on 

all the WNV data (Figure 38).  Computation time took 90 h and 49 min for this 

dataset.  Results of the test identify the human WNV case ratio in relation to 

population in the region in Lubbock and Hale Counties. Lubbock County’s 

population is 264,418 with 1,068 playa lakes.  Hale County’s population is 35,234 

with 1,249 playa lakes. 

Statistically, this result is not significant based on the p-value of 0.386, but is still 

noteworthy due to this cluster falling within the identified playa lake cluster.  The 

likelihood ratio test was 5.6948 with observed and expected case of 17.06. 
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Figure 38.  Human West Nile virus results that accounted for population densities 
in the Panhandle and South Plains region from 2002 – 2008. 
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 ArcGIS Results 

Central features 

The mean center feature tool identified Hale County as being the center of all the 

human WNV cases (Figure 39).  The center feature for the playa lake database 

resulted in Hale County (Figure 40). 

The central feature tool identified 30 central feature locations in the CLO 

database (Figure 40). Five central human WNV feature locations were identified 

in the human WNV data.  These central features are flavivirus in Swisher and 

Lubbock Counties, one WNV case in Lubbock, one WN fever in Swisher, and 

one probable WNV case in Lubbock.  In the CLO database 40 CLOs resulted as 

central features.  Counties are:  Dallam, Sherman, Hansford, Ochiltree, 

Lipscomb, Hartley, Moore, Hutchinson, Hemphill, Carson, Wheeler, Gray, 

Roberts, Oldham, Potter, Donley, Deaf Smith, Randall, Armstrong, Parmer, 

Castro Randall, Parmer, Castro, Swisher, Bailey, Lamb, Hale, Cochran, Hockley, 

Lubbock, and Terry.   Seventeen of those are beef cattle operations, dairies 

account for 15 operations.  Other operations identified were swine (4), horses (2) 

and sheep (1). 
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Figure 39.  The mean center feature of all human WNV cases was indentified in 
Hale County in the Texas Panhandle and South Plains region, 2002 – 2008. 
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Figure 40.  Central features identified in the WNV, CLO and playa lakes 
databases in Texas Panhandle and South Plains region, 2002 – 2009.  
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Standard distance 

Standard distance is a measure of compactness for features distributed around 

the mean center within a dataset.  Result of the standard distance is distance 

units of data coordinates. The greater the standard distance value the more 

distances vary from the average and the more widely dispersed the features are 

around the center.  Points inside circles vary less than the standard distance 

from the mean.  Features outside the circles vary more.  Results for the WNV 

data returned a standard deviation center circle with 1393.89 (X) and 17182.40 

(Y) (Figure 41).  The standard distance standard deviation was 8814.31 that 

measures the average distance of the WNV data from their mean center located 

in Hale County. 
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Figure 41.  Results of overall standard distance analysis of human WNV cases 
and CLO data that represents how the WNV cases spread out from the mean 
center located in Hale County in Texas Panhandle and South Plains region, 2002 
– 2009.  
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Standard deviational ellipse 

 

This statistic captures directional bias by giving a dispersion of the data in two 

dimensions defined by angle of rotation, dispersion along major axis, and 

dispersion along minor axis.  It displays the values of coordinates of mean 

center, standard distance of each axis angle of rotation of ellipse.  Major axis 

defines the direction of maximum spread of the distribution while the minor axis 

defines minimum spread.  Major axis standard deviation for WNV data is 

1,393.89 (X) and 17,182.40 (Y) (Figure 42).  The standard deviational ellipse has 

a minor x-axis standard distance of 15,882.68, a y-axis standard distance of 

8,901.43 and angle rotation standard deviation is 3.265, there is a major 

directional pattern in the counties from Lynn, Lubbock, Hale, Swisher, Randall 

and Potter in the WNV data. 
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Figure 42.  Results of the standard deviational ellipse for WNV infection in the 
Texas Panhandle and South Plains region, 2002 – 2008. 
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Getis-Ord Gi* 

Features with high Gi* values indicates a cluster or concentration of features with 

high attribute values.  A group of features with low Gi* values indicates a cold 

spot.  Values near zero indicate no concentration of either high or low values 

surrounding target features.  Gi* statistic returned Z-scores for all the WNV data 

(Figure 43).  The majority of points fall in ranges of  -1.65 – 1.65 standard 

deviations.  Standard deviations with ranges of 1.65 – 1.96 resulted in two WNV 

hot spots in Dallam, Cochran and Bailey Counties.  Eight WNV hot spots resulted 

in Oldham, Deaf Smith, Parmer, Potter, Randall, Lubbock and Crosby Counties 

with standard deviations with ranges of 1.96 – 2.58.   A standard deviation > 2.58 

resulted in five WNV hot spots in Lubbock County, one along the border of 

Randall and Potter Counties and one in Lynn County. 
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Figure 43.  Getis-Ord Gi* results of clustering concentration of WNV cases in 
Texas Panhandle and South Plains region, 2002 – 2008.  
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Getis-Ord G 

A Getis-Ord G statistic was run on all the human WNV data.  The Z-score was 

3.09 standard deviations with a p-value of 0.002, observed general G 0.0012 with 

an expected general G of 0.00095.  There is less than 1% likelihood that the 

clustering of high values could be the result of random chance.  No clustering 

was detected with age variable (Z-score of 0.03 standard deviations, p-value of 

0.98).  There is a 5-10% likelihood that the clustering of race (Z-score of 1.83 

standard deviations, p-value of 0.06) is the result of random chance.  No 

clustering was detected with the sex variable (Z-score of 0.59 standard 

deviations, p-value of 0.55). 

This statistic also showed that there is some clustering of the CLO variables, 

however the pattern may be due to random chance (Z-score of 1.31 standard 

deviations, p-value of 0.18, observed general G = 0.00190 and expected general 

G = 0.00186).  The playa lake dataset resulted in 136.48 standard deviations (p-

value 0.0001) meaning that there is less than 1% likelihood that the clustering of 

high values could be the result of random chance.  Both the observed and 

expected general G values were equal to 0.00049. 

Moran’s I 

A Moran’s I statistic was run on the human WNV data.  A clustered Z-score of 

11.76 standard deviations was returned with a Moran’s I index of 1.06 and an 

expected index of -0.00232 and p-value of 0.001.  There is less than 1% 

likelihood that this clustered pattern could be the result of random chance.   
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Clustering was detected with age (Z-score 2.17 standard deviations) and Moran’s 

I Index of 0.2.  An expected index of -0.00232 and p-value of 0.03035 was 

returned. There is less than 5% likelihood that this clustered pattern is the result 

of random chance.  No clustering was detected with sex (Z-score 0.66 standard 

deviations, Moran’s I Index 0.06) or race (Z-score 0.66 standard deviations, 

Moran’s I Index 0.06).  Results of the CLO analysis was a Z-score of 3.37 

standard deviations a Moran’s I Index of 0.33742, expected index -0.00186 and 

p-value of 0.0007. 

Anselin’s Local Moran’s I 

Anselin’s Local Moran’s I was run on human WNV data to determine clusters and 

outliers that result in Z-scores (Figure 44).  The statistic found the largest WNV 

clusters in Lubbock, Hale, Potter and Randall Counties with a standard deviation 

range of -1.65 – 1.65.  Other WNV hot spots identified with a standard deviation 

range of 1.96 – 2.58 were in Potter, Randall, Swisher, Deaf Smith, Crosby, and 

Dallam Counties.  A standard deviation >2.58 resulted in WNV hot spots in 

Dallam, Hartley, Potter, Randall, Carson, Armstrong, Swisher, Bailey, Castro, 

Briscoe, Crosby, and Cochran Counties. 
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Figure 44.  Results of Anselin’s Local Moran’s I for clustering of WNV cases in 
Texas Panhandle and South Plains region, 2002 – 2008.  
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Epidemic Curves 

Three epidemic curves were created in Epi-Info® for the human WNV case data 

to determine outbreak and exposure periods.  Data were plotted for interval 

incubation periods for four, eight, and 12 days (Figures 45 – 47).  All the graphs 

reflect that a point source of exposure contributes to WNV infection in the 

Panhandle and South Plains region.  A point source is a brief source of outbreak 

exposure or is intermittent exposure.  All the graphs have irregular peaks that 

reflect the time and extent of exposure verifying that mosquitoes are the source 

of WNV outbreaks.  Additionally, these outbreaks are correlated to playa lakes in 

the region. 

These curves show how WNV spread in this region from 2002 – 2008 within the 

Texas Panhandle and South Plains population. Incubation periods represent 

different time frames of how WNV manifested itself in the population during 2002 

– 2008. 
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Figure 45.  Epidemic curve of West Nile virus at four day incubation period, 2002 – 2008. 
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Figure 46.  Epidemic curve of West Nile virus at eight day incubation period, 2002 – 2008. 

 



                                                                 Texas Tech University, Christena Stephens, December 2010 

118 

 

Figure 47.  Epidemic curve of West Nile virus at 12 day incubation period, 2002 – 2008. 
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Summary of Research Findings 

A summary of the research findings from both SaTScan and ArcGIS are listed in 

Tables 15 and 16.  Each table provides the spatial statistic used in each 

program, results of each statistic and the interpretation of the statistical result. 
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Table 15.  Summary of SaTScan statistics, results and interpretation of human WNV, 
CLO and playa lakes data. 

 

SaTScan Spatial Statistic Results Interpretation 

All West Nile virus 
data 

Retrospective Space-
time permutation 

Likelihood ratio of 
0.8659.  p-value = 
0.9947 

Cluster in Randall 
County.  It has no 
correlation to playa 
lakes or CLOs in 
region. 

West Nile 
Neurological 
Disease data 

Retrospective Space-
time permutation 

Likelihood ratio = 
4.3164 
p-value = 0.5385 

Cluster center in 
Lubbock County.  It 
has a correlation to 
the playa lake cluster.  

West Nile virus 
fever data 

Retrospective Space-
time permutation 

Likelihood ratio = 
4.5685 
p-value = 0.3561 

Cluster in Castro, 
Hale, Lamb, Parmer, 
Swisher Counties.  It 
does have a 
correlation to the 
beef cattle and playa 
lake clusters. 

Flavivirus data Retrospective Space-
time permutation 

Likelihood ratio = 
1.598 
p-value = 0.1638 

Cluster center falls 
between Bailey and 
Cochran Counties, 
including 10 other 
counties.  It has a 
correlation to the 
beef cattle and playa 
lake cluster.  

All Confined 
Livestock 

Operations data 

Retrospective Space-
time permutation 

Likelihood ratio = 
7.8692 
p-value = 0.037 

Cluster falls between 
Dallam and Hartley 
Counties.  No 
correlation to any 
WNV clusters.   

Beef Cattle 
Operations data 

Retrospective Space-
time permutation 

Likelihood ratio = 
4.7735 
p-value = 0.1662 

Cluster falls between 
Parmer and Castro 
Counties.  It does 
have a correlation to 
the flavivirus and 
WNV Fever clusters. 

Dairy Cattle 
Operations data 

Retrospective Space-
time permutation 

Likelihood ratio = 
6.3619 
p-value = 0..0812 

Cluster falls between 
Dallam and Hartley 
Counties.  No 
correlation to any 
WNV clusters. 
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Table 15 continued.

SaTScan Spatial Statistic Results Interpretation 

Other Confined 
Livestock 

Operations data 

Retrospective Space-
time permutation 

Likelihood ratio = 
1.9670 
p-value = 0.0773 

Cluster falls in 
Sherman, Hansford, 
Moore, Hutchinson 
Counties.  No 
correlation to any 
WNV clusters. 

All West Nile virus 
data 

Prospective Space-
time permutation 

Likelihood ratio = 
0.5820 
p-value = 0.1863 

Cluster falls in 
Lubbock County. 
No correlation to the 
CLO cluster.   Does 
have a correlation to 
the playa lake cluster. 

West Nile 
Neurological 
Disease data 

Prospective Space-
time permutation 

Likelihood ratio = 
3.0332 
p-value = 0.4147 

Cluster falls in 
Lubbock County.  It 
has no correlation to 
the CLO cluster.  Does 
have correlation to 
the playa lake cluster.  

West Nile virus 
fever data 

Prospective Space-
time permutation 

Likelihood ratio =  
2.5565 
p-value = 0.7809 

Cluster falls in 
Randall County. It has 
no correlation to the 
playa lake or CLO 
clusters.  

Flavivirus data Prospective Space-
time permutation 

Likelihood ratio = 
0.8957 
p-value = 0.4604 

Cluster falls in 
Crosby, Lubbock, 
Garza, Lynn, Dickens 
Counties.  No 
correlation to the 
CLO cluster.  Does 
have a correlation to 
the playa lake cluster. 

Playa Lake data Purely spatial  Likelihood ratio = 
23999.85 
p-value – 0.001 
 

Mean center of data 
occurs in Hale County 
and falls in eight 
other counties. 
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Table 16.  Summary of ArcGIS spatial statistics, results and interpretations of human 
WNV, CLO and playa lakes data. 

GIS Spatial Statistic Results Interpretation 

Mean center Mean center tool Mean center in Hale 
county for WNV and 
playa lakes 

A mean center 
identified in Hale 
County of the WNV 
and playa lake data. 

Central features 
tool 

Central Features 
tool 

Identified 30 central 
features in CLO data 
and five central 
features in WNV 
data 

Central features of 
WNV are located in 
Lubbock, Hale and 
Swisher County.  
Central features of 
CLOs is well-
dispersed throughout 
the region. 

Standard Distance Standard Distance 
tool 

Depicted 
compactness of WNV 
cases around mean 
center in Hale 
County   

Directional bias from 
Lubbock, Hale, 
Swisher, Potter, 
Randall Counties. 

Standard 
Deviational Ellipse 

Standard 
Deviational Ellipse 

Major axis standard 
deviation = 1,393.89 
(X) 
Major axis standard 
deviation = 
1,7182.40 (Y) 
Minor axis standard 
deviation = 
1,5882.68 (X) 
Minor axis standard 
deviation = 8,901.43 
(Y) 

Directional bias in 
counties of Lynn, 
Lubbock, Hale, 
Swisher, Randall, 
Potter. 
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Table 16 continued. 

GIS Spatial Statistic Results Interpretation 

Getis-Ord Gi* Getis-Ord Gi* Indicated cluster hot 
spots in WNV data 
and resulted in Z-
scores between -
1.65 - >2.58 

Majority of points fall 
between -1.65 – 1.65. 
Two WNV spots 
between 1.65 – 1.96.  
Eight WNV hot spots 
between 1.96 – 2.58. 
Five WNV hot spots 
>2.58. 

Getis-Ord G Getis-Ord G Indicated clustering 
in WNV and CLO 
data.  WNV Z-score = 
3.09 and p-value = 
0.002 
CLO Z-score = 1.31 
and p-value = 0.18 
Playa lake data 
resulted in 136.48 
standard deviations 
and p-value = 0.0001 

There is less than 1% 
likelihood that 
clustering of high 
values is result of 
random chance in the 
WNV and playa lakes 
data.  The pattern in 
CLO variables may be 
due to chance.   

Moran’s I Moran’s I Indicated clustering 
in WNV with a Z-
score = 11.76 and p-
value = 0.001 

There is less than 1% 
likelihood that this 
clustered pattern 
could be the result of 
random chance. 

Anselin’s Local 
Moran’s I 

Anselin’s Local 
Moran’s I 

Resulted in Z-scores 
of -1.65 - >2.58. 

Largest clusters 
Lubbock, Hale, Potter, 
Randall Counties ( 
-1.65 – 1.65).  Potter, 
Randall, Swisher, 
Deaf Smith, Crosby, 
Dallam Counties 
(1.96 – 2.58).  Dallam, 
Hartley, Potter, 
Randall, Carson, 
Armstrong, Swisher, 
Bailey, Castro, 
Briscoe, Crosby, 
Cochran Counties 
resulted >2.58.   
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Chapter IV 

Discussion 

The initial onset of human West Nile virus infection (WNV) in the Panhandle and 

South Plains region of Texas was on July 2, 2002 in Randall County.  Eventually 

WNV spread, causing morbidity in 432 individuals with 28 mortalities from 2002 - 

2008.  Overall, human WNV case prevalence for this time period was 0.586.   

There was underlying evidence that spatial patterns were evident in the 

distribution of human WNV cases in the region and that an unknown variable 

may have been contributing to these cases. 

This regional study was designed to test whether concentrations of confined 

livestock operations (CLOs) or playa lakes influenced the incidence and 

prevalence of human WNV cases in the Panhandle and South Plains region.  It 

was found that three counties have no recorded human WNV cases, but do have 

either playa lakes or CLOs.  Roberts and Yoakum Counties have playa lakes, but 

no CLOs.  Wheeler County has no playa lakes, but CLOs. 

Highest WNV prevalence from 2002 – 2008 was in the following counties: King 

(3.558); Castro (3.366); Swisher (2.221); Briscoe (2.051); Oldham (1.939); 

Parmer (1.951); Crosby (1.838); Floyd (1.704); Cochran (1.679); Bailey (1.592); 

Hale (1.504); Sherman (1.365); and Lamb (1.251).  Counties with the highest  
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concentrations of playa lakes are Floyd (1,721); Hale (1,249); Lamb (1,150); 

Lubbock (1,068); Crosby (876); Swisher (873); Briscoe (831); Lynn (799); Gray 

(748); Armstrong (675); Castro (610); and Carson (544). 

Spatial statistics programs utilized geographical coordinates of latitude and 

longitude to analytically examine the research data for spatial patterns or 

relationships.  SaTScan and ArcGIS both analyzed the WNV, CLO and playa 

lake data to identify spatial correlation patterns.  These two clustering 

methodologies provided stronger evidence of clustering and lack of clustering 

regarding human WNV prevalence in the region.  Both programs provided 

valuable evaluation and greater indication of how human WNV spread and 

concentrated in this region from 2002 – 2008. 

The WNV and CLO data were input at the finest temporal resolution in SaTScan 

with a day time aggregation, which has no bias because no data are needed for 

a population at risk.  It uses only geographic coordinates and the number of 

cases to characterize a disease in both space and time. 

SaTScan analysis identified most likely clusters with a maximum likelihood ratio 

that was least likely due to chance in all WNV, WNND, WN fever, and flavivirus 

data, including all CLOs, beef cattle, dairy cattle, and other livestock operations, 

as well as playa lakes data.  Dividing the data into specific WNV disease or 

confined livestock operation type allowed for finer temporal resolution of the 

study data.  
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Overall, the SaTScan results of the space-time clustering showed that clustering 

of WNV in the lower study region as not being completely random among playa 

lakes or beef cattle operations.  The main cluster of WNND was identified both 

retrospectively and prospectively in Lubbock County, the largest urban area in 

the region.   The largest cluster unexpectedly was flavivirus, with a radius of 

103.10 km and a geographic center on the borders of Bailey and Cochran 

Counties near the New Mexico border. 

None of the human WNV clusters were significant based on a universal 0.05 p-

value.  The all WNV cluster p-value = 0.9947 indicates <1% accuracy.  The 

WNND cluster p-value = 0.5385 indicates <50% accuracy.  The WNV fever 

cluster is less than <65% accurate on the returned p-value of 0.3561.  The 

flavivirus cluster is <83% accurate based on its p-value of 0.1638.  The all CLO 

cluster is 96% accurate based on a p-value = 0.0370.  The dairy cluster is 92% 

accurate based on a p-value = 0.0812.  The beef cattle cluster p-value of 0.1662 

is 89% accurate.  The other CLO cluster is 93% accurate based on a p-value of 

0.0773. 

The p-value is an obtained test statistic with an extreme value as the one that 

was actually observed, assuming the null hypothesis is true and it expresses the 

probability that a difference as large as that observed would occur by chance 

alone.  All of the p-values for the WNV clusters are >0.05 which does imply that 

chance alone is a viable explanation for the observed difference  
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in the population among WNV cases in the region.  However, this nonsignificant 

difference in the cluster p-values is not necessarily attributable to chance alone. 

Based on these returned p-values, the sample size of the WNV cases used in 

this research must be taken into consideration.  The p-values are likely to be 

large in the WNV clusters due to the small sample size of 432 human WNV 

regional cases resulting in the nonsignificant p-values. 

However, high likelihood ratios resulted with WN fever (4.5685) and WNND 

(4.3164).  These higher ratios indicate how much the odds of WNV infection 

would be increased if the test result was positive in the clustering areas.  The 

positive likelihood ratios of these clusters indicate sensitivity being present in the 

human WNV data.   A positive likelihood ratio > one indicates that the WNV 

SaTScan results are sufficient enough to indicate a most likely inference among 

the WNV cases. 

Clusters with potential influence on WNV distribution and possible maintenance 

are playa lakes and beef cattle operations based on the correlation of the cluster 

locations.  The WN fever cluster is in Hale, Lamb, Castro, Parmer, and Swisher 

Counties and falls in both the beef cattle and playa lake cluster with a likelihood 

ratio of 4.5685 and p = 0.361.  The WNND cluster in Lubbock County falls within 

the playa lake cluster.  Flavivirus cluster is in 10 counties with a likelihood ratio of 

1.5985 and p = 0.1638. 
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None of the human WNV clusters has a correlation to the all CLO, dairy cattle, 

and other operation CLO clusters.  The all WNV cluster does not have a 

correlation to any features in the region.  This cluster’s geographic center is on 

the border of Randall and Potter Counties, the second highest urban population 

center in the region. 

West Nile fever cases do have a correlation to beef cattle operations in the 

region.  The flavivirus cluster had the largest radius with 103.10 km has a 

correlation to beef cattle operations cluster.  The beef cattle operation cluster has 

a likelihood ratio of 4.7735 and p = 0.1662.  West Nile fever, WNND, and 

flavivirus cases all have a correlation to the significant playa lake cluster with a p 

= 0.001. 

The significant result found with the playa lake cluster resulted in a geographic 

center identified in Hale County.   Radius of this most likely cluster is 65.41 km, 

with a high variance of 90,958.78, 301.59 SD and likelihood ratio of 23,999.85.  

This result is important historically because, human St. Louis encephalitis (SLE) 

and encephalitis cases have occurred in this rural county.  From 1957 to 1966 a 

total of 245 arboviral encephalitis cases were recorded in 16 counties in this 

region with the highest incidence of cases in Hale County with 111 recorded 

cases.  Lubbock County followed with 45 cases (Sciple et al. 1968). 
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Another important observation is that 17 SLE cases were confirmed by TXDSHS 

from 2003 to 2005, with one mortality in 2005 due to SLE in this region.  The 

cases may have never been identified if health officials were not screening for 

possible WNV cases.  Confirmation of these SLE cases indicates that to some 

degree SLE has been continuously present in the vector-borne cycle in this 

region. 

The prospective analyses results of SaTScan revealed a completely different 

clustering pattern of human WNV cases.  The all WNV and WNND cluster were 

both determined to be in Lubbock County.  The flavivirus cluster was identified in 

Lubbock, Garza, Floyd, Crosby, Lynn, and Dickens Counties.  All three of these 

clusters fall within the playa lake cluster.  In the prospective analyses none of the 

WNV cases occur in close proximity to any of the CLO clusters in the region.  

The highest reoccurrence was for the all WNV cluster at five days indicating how 

often this cluster will be observed by chance. 

The space-time permutation model highlighted the space-time characteristics of 

human WNV clusters which are essential to understand how WNV spread and 

concentrated in the region from 2002 – 2008.  Identifying clusters of CLOs and 

playa lakes helped visualize where these concentrations of human WNV clusters 

are located in this region in relation to these two variables.  Confined livestock 

operations and playa lakes are not stand-alone entities, but are complex systems 

that connect the regional environment and economy.  
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Results indicate that playa lakes may be significantly contributing to the 

occurrence and maintenance of WNV in the region, followed closely by beef 

cattle operations. 

In research conducted by Lian et al. (2007) on the 2002 equine WNV epidemic in 

six regions in Texas, three significant clusters were identified in the Texas 

Panhandle and South Plains Region.  One cluster was in Lubbock, Lynn and 

Crosby Counties with a p-value of 0.001.  The second cluster was identified in 

Hale, Swisher, Castro, and Lamb Counties with a p-value of 0.007.  The third 

cluster was identified in Potter, Randall, Armstrong, and Carson Counties with a 

p-value of 0.001.  The results of the Lian et al. research coincide with the results 

from this study indicating that Lubbock, Hale, Swisher, Castro, Potter, and 

Randall Counties are the most likely areas for WNV transmission and 

maintenance. 

Although many factors do influence WNV incidence, the SaTScan analyses 

indicates that proximity to a beef cattle operation or a playa lake may elevate 

WNV incidence in humans.  Very similar clustering patterns in the human WNV 

data were identified by the ArcGIS statistical programs. 

A variety of analyses within ArcGIS were run on WNV data and resulted in similar 

detection of clusters and dispersion in the region.  The mean center feature in the 

human WNV data was identified in Hale County, along with five central features 

of human WNV identified in Swisher, Hale and Lubbock Counties.   
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Standard distance dispersion measure of the WNV distribution resulted in 

clustering in the lower portion of the study region similar to the SaTScan 

clustering results.  The standard deviational ellipse results in a two dimension 

standard deviation (SD) by providing a single measure of spread or dispersion of 

distribution from the data’s mean center.  Results of this test show a directional 

bias of human WNV infection through the counties of Lynn, Lubbock, Hale, 

Swisher, Randall and Potter.  The SD of x-axis is 15,882.68 (maximum spread of 

distribution) and y-axis 8,901.43 (minimum spread distribution) are the average 

distances of the human WNV cases that vary from the mean center located in 

Hale County. 

A  Z-score is a measure of SD and is a reference value associated with a 

standard normal distribution.  The Getis-Ord Gi* produced Z-scores indicating 

clusters with high attribute values.  Results of this statistic indicate seven human 

WNV infection hot spots with a Z-score >2.58 indicating a pattern too unusual for 

random chance to reject our null hypothesis.  Five of these WNV hot spots were 

located in Lubbock County, with one in Randall and Potter and one in Lynn 

County.  We conclude that spatial processes are causing this intense clustered 

pattern of these seven hot spots. 

Getis-Ord G statistic indicated the type of cluster and resulted in less than one 

percent likelihood that the human WNV clustering of high values could be the 

result of random chance with a p-value of 0.002 and SD of 3.09.  Moran’s I   
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statistic indicated that the WNV data is clustered and resulted in a clustered Z-

score of 11.76 SD, Moran’s I index of 1.06 and p-value of 0.001.  This statistic 

indicated that there is less than one percent likelihood that this clustered pattern 

in the human WNV data is the result of random chance. 

Anselin’s Local Moran’s I statistic found largest clustered hot spots in Dallam, 

Hartley, Potter, Randall, Carson, Armstrong, Swisher, Bailey, Castro, Briscoe, 

Crosby and Cochran Counties with a SD of >2.58.  This statistic also found the 

largest clusters in Lubbock, Hale, Potter, and Randall Counties with SD range of 

-1.65 – 1.65. 

These spatial statistical programs provided a quantitative explanation of the 

human WNV epidemiological pattern in the Texas Panhandle and South Plains 

region with the variables of beef cattle operations and playa lakes potentially 

influencing the transmission dynamics of WNV.  The human WNV cases with 

geographical coordinates provided accurate data for both programs due to 

sensitivity for detecting WNV activity from active case surveillance efforts within 

this region.  Overall, these programs identified the counties of Hale and Lubbock 

as of the most interest in terms of playa lakes and WNV transmission and 

maintenance.  The beef cattle cluster is important because confined livestock 

operations do have water ponds or lagoons to drain operational wastewater into, 

so this standing water may contribute to mosquito breeding cycles.  The 
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 likelihood ratio values returned from the SaTScan analyses provides our clusters 

additional statistical inference to accept our hypothesis of WNV clustering in the 

human WNV cases and playa lakes.  With the CLOs broken down by species 

operation type, we can conclude that beef cattle operations are of interest to the 

human WNV cases. 

Inclusion of the confirmed regional human flavivirus cases from 2003 to 2005 

indicates that there is more than just the occurrence of WNV in this region that 

we should be concerned about.  During the course of this research this other 

unknown flavivirus proved to be of interest based on the cluster location in both 

the retrospective and prospective analyses from the SaTScan program.  

Occurrence of these flavivirus cases represents that WNV is not the only virus 

occurring in the region.  For any vector-borne disease, improvement timeliness of 

detection by even one day will aid public health officials in controlling for a 

disease before it becomes widespread. 

The SaTScan cluster methodology of using space-time modeling provided 

additional epidemiological insights into how human WNV spread in this region 

and where WNV became concentrated.  SaTScan’s strength of identifying 

infectious disease changes through time without having to include a population at 

risk and using only the human WNV cases provided a highly precise pattern in both 

space and time from 2002 – 2008 of how WNV spread. 
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Both software programs do have limitations.  ArcGIS is expensive with the 

software starting at $1,500.00 for a basic program and more for statistical 

extensions.  Also, prior training with this program is a must to use ArcGIS.  

SaTScan’s main limitations are lack of cartographic support to view identified 

clusters.  Output information is produced only as text.  Cluster location and size 

is visualized by exporting data into ArcGIS via MS Excel files which is a time-

consuming process.  Also due to SaTScan’s statistical power large datasets are 

computer intensive process depending upon the parameters set by the user.  

Analyses times for this research ranged from 228 hours to four minutes. 

It is to be noted that we do not know where the person became infected with 

WNV.  It may have been at a location some miles away or at their actual home 

location.  Due to the fact that actual home geographic coordinates of the persons 

infected with WNV were used in this data a population at risk was not necessary 

to identify since we are assuming that the population is constant over time.  The 

population model run on the entire WNV data is only of interest due to it being in 

both Hale and Lubbock Counties, which is within the playa lake cluster. 

There are other variables not addressed in this research that need to be noted 

regarding influences of WNV transmission.  Agricultural irrigation has been linked 

to incidence of WNV cases by providing favorable conditions for mosquitoes.   

Elevation, rainfall, and local temperature have all been linked to WNV occurrence 

and incidence (Gates and Boston 2009).  Other geographic variables of land  
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 use, physiographic region, and human housing density all have been shown to 

influence WNV and mosquitoes that vector this virus (Gibbs et al. 2006). 

Strategies to protect the human population from WNV infection have relied on 

mosquito control. Response rates regarding the mosquito control data were poor 

with only 10 counties responding.  Overall, truck-mounted ULV fogging and 

larvicide treatments were the primary application types used by cities.  The most 

applied pesticide was malathion with 14,980.1 L in more rural towns, followed by 

permethrin based products in larger cities at 13,5545 L.  We cannot determine, 

based on the number of responses, if use of mosquito control products did 

increase in this region of Texas when WNV was first emerging.  It would have 

been extremely beneficial to have had the most complete list of mosquito control 

in the region to have mapped this data with the identified clusters of human 

WNV. 
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Chapter V 

Conclusion 

The TXDSHS project initially tried to define the apparent patterns of human WNV 

distribution in the Texas Panhandle and South Plains region by identifying if 

CLOs or playa lakes were spatially linked as contributing factors in WNV 

transmission. 

Lubbock and Amarillo are the two major urban centers, with the rest of the region 

being sparsely populated.  The outlying rural towns, as well as Lubbock and 

Amarillo economies are tied to cotton, beef cattle, and dairy cattle and oil 

production. 

West Nile virus is now endemic to the United States.  It is maintained in nature in 

an enzootic cycle between mosquitoes, predominately Culex species, and birds.  

Human WNV infection occurs when an infective mosquito takes a blood meal, 

and injects this virus with its salvia into the human host.  It should be noted that 

we do not know where the individual became initially infected with the WNV virus.  

Infection may have occurred in another state or a work location some miles away 

from the geographical coordinates of the patients’ home addresses used in this 

study.  The aim of this research was to better understand the underlying patterns 

of the human WNV distribution in this region. 
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The statistical significance of the WNV clusters is low, due to the small sample 

size from the Texas Panhandle and South Plains region.  However, the 

nonsignficance of these results should be regarded as inclusive rather than as an 

indicator of no effect.  By taking each data set coordinates of human WNV, 

CLOs, and playa lakes and running them separately in SaTScan to identify 

clusters in each set and comparing them to ArcGIS results, we were able to 

conclude that the areas of the WNV clusters were localized and that the 

association influence of playa lakes and beef cattle operations is compellingly 

correlated. 

Space-time analyses require that data on disease incidence be highly precise, 

both in time and space.  The space for this research is the counties and the 

onset dates of human WNV as the time.  This approach is useful to help target 

prevention in space and time, because abundance of vertebrate reservoirs and 

vectors is dynamic both spatially and temporally. 

Space-time clustering occurs when excess numbers of cases or points are 

observed within small geographical locations.  Statistical spatial data analysis 

treats points in a spatial data base as though those attribute points were from a 

larger population. 
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This research produced analyses are noteworthy enough to indicate that the 

geographic relationships of human WNV are associated with primarily playa 

lakes and coincides to historical research of arboviral encephalitis cases 

concentrating around playa lakes and secondarily to beef cattle operations in the 

region. 

These research findings are also consistent with the Harriston et al. (1956) that 

revealed that playa lakes do have a significant influence on the transmission 

dynamics of arboviruses in the Panhandle and South Plains region of Texas. 

Demographics and landscapes have important effects on WNV distribution and 

dynamics by influencing host and vector presence, as well as behavior.  The 

semi-arid landscape of this region with its varying degrees of rainfall patterns 

from year to year and agricultural irrigation filling playa lakes do create favorable 

breeding and maintenance sites for mosquitoes. 

For example, distribution of mosquitoes is limited to areas with water that allows 

oviposition and larval development.  Habitat requirements for adult mosquitoes 

are very similar because of their need for natural or artificial water sources.  Also 

needed for this virus’ transmission are avian reservoir hosts, competent mosquito 

vectors, and host availability. 
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Surveillance of epidemiological disease is an ongoing process of gathering 

information, organization, analysis, interpretation, and communication of data 

gathered.  This process is the principal method by which public health 

information is generated and disseminated to create policy, conduct additional 

research, as well as incorporate appropriate response measures to a public 

health threat. 

SaTScan and ArcGIS provide effective tools for epidemic prevention risk 

analyses through the case clusters shown as high risk areas.  With this study, we 

searched for the underlying causes of WNV based on the variables of playa 

lakes and CLOs as risk factors.  SaTScan was the strongest software package to 

implement in this research to detect clusters in our data.  Secondarily, we used 

the ArcGIS program to confirm the results of the SaTScan findings, as well as to 

map the cluster results from the SaTScan program. 

The evolution of mapping and software programs that can coordinate latitude and 

longitude coordinates is gradually transitioning landscape epidemiology as 

evidenced with this research from a purely observational investigation to a 

quantitative science based on statistical inference. 

For an understanding of vector or arthropod-borne disease, it is important to note 

both the spatial and temporal characteristics of its likely transmission and what is 

influencing the disease from a landscape perspective.  Effective analyses of 
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 viruses like WNV or other pathogens will assist in prevention and control efforts 

directed toward any future epidemics. 

Space-time mapping enhanced the ability to understand the underlying 

occurrence of human WNV in the Texas Panhandle and South Plains region.   By 

pinpointing cluster locations of human WNV cases, CLOs and playa lakes, we 

were able to clearly indicate the most likely cause of the clustering of the WNV to 

 these regional variables and identify that playa lakes and beef cattle operations 

are possible contributing factors through statistical inference and to define the 

regional probability that the human WNV clusters are not all due to chance. 

West Nile virus clusters provided clues how this disease spread in this region, as 

well as how it is possible maintenance in this region.  

All naïve humans are susceptible to WNV with increasing age as a major risk 

factor.  This research provided insight into WNV space and temporal spread in 

the Texas Panhandle and South Plains region from 2002 – 2008.  It highlighted 

areas around the southern region in this study among playa lakes concentrations 

as the most likely to experience transmission of WNV, along with beef cattle 

operations.  Diseases are limited by geography and spatial variation arises from 

underlying variation in the biological and physical conditions that support the 

pathogen and its vectors and reservoirs.  Clusters of WNV exhibited in this 

research warrant further investigation due to the results that the clusters of cases 

are not all occurring due to random chance.  
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Appendix A 

SaTScan analyses results run at year time scale on West Nile virus cases and confined 

livestock operations. 

Table 17.  Results of SaTScan retrospective space-time permutation model of most 
likely cluster in human WNV cases Texas Health Region 1 from 2002 – 2008 with n = 
9,999 permutations run at year time-scale. 

Year Coordinates * County Radius 
Km 

Time 
Frame  

# 
Cases 

Expected 
Cases 

Observed/ 
Expected  
Cases  

Likelihood 
Ratio Λ 

Monte 
Carlo 
Rank 
 

p-
value 
 

2006 33.636458 

-101.874299 

Lubbock 4.79 1/1 – 

12/31 

3 0.42 7.07 3.300132 8647 0.8647 

           

Analysis identified 26 secondary clusters with p-values between 0.8647 – 0.9994 

and likelihood ratios between 3.3001 – 2.3278. 

* : Latitude and longitude coordinates of cluster center 

:  Observed number of cases in the cluster divided by the expected number of 
cases in the cluster.  It is the estimated risk within the cluster divided by the 
estimated risk for the study region as a whole. It is calculated as: c/E[c].  

:  n = 9,999 permutations 

:  α = 0.05  

Table 18.  Results of SaTScan retrospective space-time permutation model of most 
likely cluster in human WNND cases Texas Health Region 1 from 2002 – 2008 with n = 

9,999 permutations run at year time-scale. 

Year Coordinates * County Radius 
Km 

Time 
Frame  

# 
Cases 

Expected 
Cases 

Observed/ 
Expected  
Cases  

Likelihood 
Ratio  Λ 

Monte 
Carlo 
Rank 
 

p-value 
 

2006 33.636458 
-101.874299 

Lubbock 4.79 1/1 – 
12/31 

3 0.36 8.25 3.714509 1298 0.1298 

           

Analysis identified 26 secondary clusters with p-values between 0.6397 – 0.9999 

and likelihood ratios between 2.8634 – 1.5510. 
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Table 19.  Results of SaTScan retrospective space-time permutation model of most 
likely cluster in human WNV fever cases Texas Health Region 1 from 2002 – 2008 with 
n = 9,999 permutations run at year time-scale. 

Year Coordinates * County Radius 
Km 

Time 
Frame  

# 
Cases 

Expected 
Cases 

Observed/ 
Expected  
Cases  

Likelihood 
Ratio Λ 

Monte 
Carlo 
Rank 
 

p-
value 
 

2004 35.146070 
-101.895014 

Randall 2.35 1/1 – 
12/31 

3 0.41 7.31 3.393673 4570 0.4570 

           

Analysis identified eight secondary clusters with p – values between 0.9378 – 

0.9997 and likelihood ratios between 2.5565 – 1.8605.   

Table 20.  Results of SaTScan retrospective space-time permutation model of most 
likely cluster in human flavivirus cases Texas Health Region 1 from 2003 – 2007 with n = 

9,999 permutations run at year time-scale. 

Year Coordinates * County Radius 
Km 

Time 
Frame  

# 
Cases 

Expected 
Cases 

Observed/ 
Expected  

Cases  

Likelihood 
Ratio Λ 

Monte 
Carlo 

Rank 
 

p-
value 
 

2004 33.596350 
-101.933110 

Lubbock 3.67 1/1 – 
12/31 

2 0.67 3.00 0.895768 8143 0.8143 

           

Analysis identified six secondary clusters with p-values between 0.8143 – 0.9860 

and likelihood ratios between 0.8957 – 0.4043. 

 

Table 21.  Results of SaTScan retrospective space-time permutation model of most 
likely cluster in confined livestock operations Texas Health Region 1 from 2004 – 2009 
with n = 9,999 permutations run at year time-scale. 

Year Coordinates * County Radius 
Km 

Time 
Frame  

# 
Cases 

Expected 
Cases 

Observed/ 
Expected  
Cases  

Likelihood 
Ratio Λ 

Monte 
Carlo 
Rank 
 

p-
value 
 

2006 36.278511 
-102.601780 

Dallam 11.87 1/1 – 
12/31 

5 1.07 4.68 3.801461 6321 0.631 

           

Analysis identified 48 other secondary clusters with p – value between 0.7326 – 

0.9998 and likelihood ratios between 3.7111 – 2.5707. 
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Table 22.  Results of SaTScan retrospective space-time permutation model of most 
likely cluster in cattle operations Texas Health Region 1 from 2004 – 2009 with n = 9,999 

permutations run at year time-scale. 

Year Coordinates * County Radius 
Km 

Time 
Frame  

# 
Cases 

Expected 
Cases 

Observed/ 
Expected  
Cases  

Likelihood 
Ratio Λ 

Monte 
Carlo 
Rank 
 

p-
value 
 

2006 34.347777 
-102.246660 

Castro 0.12 1/1 – 
12/31 

4 0.53 7.60 4.671291 177 0.0177 

           

Analysis identified two secondary clusters with a likelihood ratio of 4.6712 and p 

– value of 0.0177.  Another 32 secondary clusters were identified in this dataset 

with p –values between 0.1468 – 0.9999 and likelihood ratios between 3.9079 – 

1.5468. 

 

Table 23.  Results of SaTScan retrospective space-time permutation model of most 
likely cluster in dairy operations Texas Health Region 1 from 2004 – 2009 with n = 9,999 

permutations run at year time-scale. 

Year Coordinates * County Radius 

Km 

Time 

Frame  

# 

Cases 

Expected 

Cases 

Observed/ 

Expected  
Cases  

Likelihood 

Ratio Λ 

Monte 

Carlo 
Rank 
 

p-value 
 

2005 34.520833 
-102.760830 

Oldham 
Parmer 

7.03 1/1 – 
12/31 

5 1.02 4.91 3.998695 2277 0.2277 

           

Analysis identified 42 secondary clusters in this dataset with p –values between 

0.4549 – 0.9987 and likelihood ratios between 3.5318 – 2.3487. 

Table 24.  Results of SaTScan retrospective space-time permutation model of 
secondary clusters in other confined livestock operations Texas Health Region 1 from 
2004 – 2009 with n = 9,999 permutations run at year time-scale.  Species identified in 

this cluster is sheep. 

Year Coordinates * County Radius 
Km 

Time 
Frame  

# 
Cases 

Expected 
Cases 

Observed/ 
Expected  

Cases  

Likelihood 
Ratio Λ 

Monte 
Carlo 

Rank 
 

p-
value 
 

2007 36.110555 
-101.667770 

Moore 
Sherman 

19.82 1/1 – 
12/31 

3 1.00 3.00 1.341996 3033 0.3033 

           

Analysis identified 22 secondary clusters with a p – value between 0.3033 – 

0.9996 and likelihood ratio between 1.3419 – 0.2923. 
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SaTScan analyses run at month time on West Nile virus and confined livestock 

operation data. 

Table 25.  Results of SaTScan retrospective space-time permutation model of most 
likely cluster in human WNV cases Texas Health Region 1 from 2002 – 2008 with n = 

9,999 permutations run at month time-scale. 

Year Coordinates * County Radius 

Km 

Time 

Frame  

# 

Cases 

Expected 

Cases 

Observed/ 

Expected  
Cases  

Likelihood 

Ratio  Λ 

Monte 

Carlo 
Rank 
 

p-value 
 

2003 35.059034 
-101.801734 

Randall 6.44 9/1/–  
9/30 

3 0.92 3.27 1.478580 8162 0.8162 

           

Analysis identified 32 secondary clusters with a p – value between 0.8162 – 

0.9999 and likelihood ratio between 1.4785 – 1.0596. 

 

Table 26.  Results of SaTScan retrospective space-time permutation model of most 
likely cluster in human WNND cases Texas Health Region 1 from 2002 – 2008 with n = 
9,999 permutations run at month time-scale. 

Year Coordinates * County Radius 

Km 

Time 

Frame  

# 

Cases 

Expected 

Cases 

Observed/ 

Expected  
Cases  

Likelihood 

Ratio  Λ 

Monte 

Carlo 
Rank 
 

p-

value 
 

2005 

– 
2006 

33.636458 

-101.874299 

Lubbock 7.21 11/1/05 – 

10/31/06 

4 0.68 5.87 3.791119 4579 0.4579 

           

Analysis identified 22 other secondary clusters with a p-value between 0.4579 – 

0.9999 and likelihood ratio between 3.7911 – 2.1941. 
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Table 27.  Results of SaTScan retrospective space-time permutation model of most 
likely cluster in human WN fever cases Texas Health Region 1 from 2002 – 2008 with n 

= 9,999 permutations run at month time-scale. 

Year Coordinates * County Radius 
Km 

Time 
Frame  

# 
Cases 

Expected 
Cases 

Observed/ 
Expected  
Cases  

Likelihood 
Ratio Λ 

Monte 
Carlo 
Rank 
 

p-
value 
 

2003 
– 
2004 

34.320690 
-102.190259 

Castro 
Hale 
Lamb 
Parmer 

 

39.61 9/1/03 
– 
6/30/04 

4 0.54 7.39 4.568594 1034 0.134 

           

Analysis identified 38 other secondary clusters with a p – value between 0.134 -

0.9998 and likelihood ratio between 4.5685 – 2.4825.    

Table 28.  Results of SaTScan retrospective space-time permutation model of most 
likely cluster in human flavivirus cases Texas Health Region 1 from 2002 – 2008 with n = 
9,999 permutations run at month time-scale. 

Year Coordinates * County Radius 
Km 

Time 
Frame  

# 
Cases 

Expected 
Cases 

Observed/ 
Expected  
Cases  

Likelihood 
Ratio  Λ 

Monte 
Carlo 
Rank 
 

p-
value 
 

2003 33.822810 
-103.020124 

Castro 
Cochran 
Lubbock 

Parmer 

103.10 9/1 – 
9/30 

2 0.42 4.80 1.598585 790 0.0790 

           

Analysis identified seven secondary clusters with a p – value between 0.9638 – 

0.9748 and likelihood ratio between 0.8957 – 0.6211. 

Table 29.  Results of SaTScan retrospective space-time permutation model of most 

likely cluster in confined livestock operations Texas Health Region 1 from 2004 – 2009 
with n = 9,999 permutations run at month time-scale. 

Year Coordinates * County Radius 
Km 

Time 
Frame  

# 
Cases 

Expected 
Cases 

Observed/ 
Expected  
Cases  

Likelihood 
Ratio  Λ 

Monte 
Carlo 
Rank 
 

p-
value 
 

2007 36.055833 
-102.623330 

Dallam 
Moore 

3.42 5/1 – 
6/30 

5 0.18 27.97 11.855925 90 0.0090 
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Table 30.  Results of SaTScan retrospective space-time permutation model of most 
likely cluster in cattle operations Texas Health Region 1 from 2004 – 2009 with n = 9,999 

permutations run at month time-scale. 

Year Coordinates * County Radius 
Km 

Time 
Frame  

# 
Cases 

Expected 
Cases 

Observed/ 
Expected  
Cases  

Likelihood 
Ratio  Λ 

Monte 
Carlo 
Rank 
 

p-
value 
 

2006 34.347777 
-102.246660 

Castro 0.12 4/1 – 
8/31 

4 0.17 23.50 8.837527 201 0.0201 

           

Analysis identified one significant secondary cluster with a likelihood ratio of 

8.8375 and p – value of 0.0201.  Another 43 secondary clusters were identified in 

this dataset with a p – value between 0.0611 – 0.9999 and likelihood ratio 

between 7.9866 – 4.4088. 

Table 31.  Results of SaTScan retrospective space-time permutation model of most 
likely cluster in dairy operations Texas Health Region 1 from 2004 – 2009 with n = 9,999 

permutations run at month time-scale. 

Year Coordinates * County Radius 

Km 

Time 

Frame  

# 

Cases 

Expected 

Cases 

Observed/ 

Expected  
Cases  

Likelihood 

Ratio  Λ 

Monte 

Carlo 
Rank 
 

p-

value 
 

2007 36.055833 

-102.623330 

Dallam 

Moore 

3.42 5/1 – 

6/30 

5 0.58 8.58 6.361922 354 0.0354 

           

Analysis identified eight significant clusters with a likelihood ratio of 6.3619 and a 

p – value of 0.0354.  Another 13 secondary clusters were identified in this 

dataset with a p – value between 0.8824 – 0.9999 and likelihood ratio between 

4.5918 – 3.7629. 
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Table 32.  Results of SaTScan retrospective space-time permutation model of most 
likely cluster in other confined livestock operations Texas Health Region 1 from 2004 – 
2009 with n = 9,999 permutations run at month time-scale.  Species identified was 

sheep. 

Year Coordinates * County Radius 

Km 

Time 

Frame  

# 

Cases 

Expected 

Cases 

Observed/ 

Expected  
Cases  

Likelihood 

Ratio  Λ 

Monte 

Carlo 
Rank 
 

p-

value 
 

2007 35.750277 

-102.231380 

Dallam 

Hartley 
Moore 
Sherman 

68.14 2/1 – 

4/30 

7 1.56 4.50 5.440463 24 0.0024 

           

Analysis identified eight significant secondary clusters with likelihood ratios 

5.440463 – 4.519187 and p – values between 0.0024 – 0.0489.  An additional 31 

secondary clusters were identified with p – values between 0.8156 – 0.9974 and 

likelihood ratios between 3.9727 – 1.8521. 
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SaTScan analyses run at day rates at n = 999 permutations 

Table 33:  Results of SaTScan retrospective space-time permutation model analysis for 
most likely  human WNV cluster scanned for high rates, 2002 – 2008 with n= 999 
permutations. 

Year Coordinates * County Radius 
Km 

Time 
Frame  

# 
Cases 

Expected 
Cases 

Observed/ 
Expected  
Cases  

Likelihood 
Ratio  Λ 

Monte 
Carlo 
Rank 
 

p-
value 
 

2005 
-2007 

33.596350 
-101.933110 

Lubbock 7.03 11/15/05-
8/18/07 

4 2.00 2.00 0.777247 270 0.270 

           

 

Analyses identified 29 other secondary clusters with p-values between 0.270 – 

0.998 and likelihood ratios between 0.7772 – 0.4320.   This dataset was run on a 

Microsoft 2003 Server taking 42 hours, 30 minutes, and 24 seconds with eight 

processors. 

 

Table 34: Results of SaTScan retrospective space-time permutation model of most likely 
clusters in human WNV cases scanning for high rates, 2002 – 2008 with n = 999 

permutations. 

Year Coordinates * County Radius 
Km 

Time 
Frame  

# 
Cases 

Expected 
Cases 

Observed/ 
Expected  
Cases  

Likelihood 
Ratio  Λ 

Monte 
Carlo 
Rank 
 

p-
value 
 

2003 35.180349  
-101.931889  

Randall 0.88 8/10 -
8/16 

2 0.67 3.00 0.866855 990 0.990 

2005 33.693780  
-102.014249  

Hale  11.70 9/9 -
10/14 

2 1.50 1.33 0.080961 1000 1.000 

2007 35.168792  

-101.853953  

Potter 

Randall 

4.52 8/7 -

8/8 

2 0.22 9.00 2.708681 788 0.788 

2008 34.195851  
-101.739688  

Castro 
Hale 

65.92 7/8 -
7/10  

2 1.00 2.00 0.575364 882 0.882 

 

Analyses identified in the 2005 data 15 secondary clusters with p-values between 

0.1760 – 0.9976 and likelihood ratios between 3.7648 – 2.0759.  In the 2003 data 

eight secondary clusters were identified with a p-value of 0.990 and likelihood 

ratio of 0.8668.  In the 2007 data fourteen secondary clusters were identified with 

a p-value of 0.788-0.993 and likelihood ratios between 2.7086 – 1.8190.  No 

clusters were identified for 2002, 2004, and 2006 in human WNV data with n = 

999 permutations.  Processing time varied between one h, 30m, 47s to 24s with 

two processors. 
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Table 35:  Results of SaTScan retrospective space-time permutation model of most 
likely clusters in confined livestock operations scanned for high rates with n = 999 
permutations. 

Year Coordinates * County Radius 
Km 

Time 
Frame 

# 
Cases 

Expected 
Cases 

Observed/ 
Expected  
Cases  

Likelihood 
Ratio  Λ 

Monte 
Carlo 
Rank 
 

p-value 
 

2007 36.055833  
-102.623330 
 

Dallam 
Moore 

3.42 5/1 – 
6/30 

5 0.18 27.97 11.855925 10 0.010 

 

Analysis identified 261 CLO secondary clusters with seven secondary clusters 

with p-value between 0.061 – 0.999 and likelihood ratios between 10.5351 – 

6.3191.  Processing took 36 m, 22 s with two processors scanning for areas with 

high rates with time aggregation of month. 

 

Table 36.  Results of SaTScan retrospective space-time permutation model of most 
likely cluster in cattle operations of confined livestock operations from 2004 – 2009 with 
n = 999 permutations. 

Year Coordinates * County Radius 

Km 

Time 

Frame  

# 

Cases 

Expected 

Cases 

Observed/ 

Expected  
Cases  

Likelihood 

Ratio  Λ 

Monte 

Carlo 
Rank 
 

p-

value 
 

2006 34.34777 

-102.246660 

Castro 

  

0.12 4/28 – 

8/30 

4 0.15 26.86 9.350811 22 0.022 

           

 

Analysis identified 47 other secondary clusters with a p-value between 0.022 – 

0.999 and likelihood ratio between 9.3508 – 4.9647.  Processing time was 20 h, 

28 min, 56 sec with two processors. 


