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CHAPTER |

INTRODUCTION

Dirofilaria immitis is a mosquito-borne nematode that causes a serious, fatal disdage and
cats. Although this disease can be prevented with the use of anthelmingscrdany dogs and
cats remain at risk because they are not given adequate prevanedieane (Bowman 2009).
This disease is important to pet owners due to the devastdotsein untreated animals, and
much of the research conducted has looked at infected definitive hoste/ibmig,focus on
prevention in companion animals. Consequently, our understanding of the ecology and
epizootiology ofD. immitisis limited. It is particularly important to learn what speaié
mosquitoes are transmitting heartworm in any given region to focus lectalr\control efforts.
Previous heartworm vector studies conducted in Payne County were condubted980s and
mosquito species composition has changed in that time, so different spagibe important

now than in 25 years ago (Afolabi 1989). Furthermore, there is also aflkckwledge
regarding the prevalence rate of heartworm in coyotes in Oklahdmah) may serve as reservoir
hosts. There is great variation between similar coyote prevalamtiessthroughout the country,
with higher rates in the east than the west, so documenting the prevalé@idahoma increases
knowledge about the importance of wild canids in the disease cycleeafldbts of geography.
Oklahoma is an ecologically diverse state with eleven recognizelitihe#ee ecoregions spanning
the state (Environmental Protection Agency 2000). A study in Oklahoma may alatianships
between ecotype and definitive host infection. Furthermore, dog heart@orgerve as an

excellent model system of vector-borne disease,



providing a framework to test basic questions about the relationshipdrelaveiscape and social

factors and disease risk.

There are three main objectives of this study. The first is tondieteithe prevalence of

Dirofilaria immitisin coyotes throughout Oklahoma. The second is to evaluate the relationship
between landscape and socoeconomic factors and heartworm positive mosgnédksd

objective is to incriminate the most important mosquito species tramgn. immitisin Payne
County, Oklahoma, with a specific focus on evaluating the relative inmpertat the invasive

Asian tiger mosquitofedes albopictus in heartworm transmission.

The hypothesis for the first objective is that coyotes in Oklahtawe a prevalence rate Of

immitis intermediate between studies from the eastern and western United 8tst@sedicted

that coyotes collected from ecoregions with more precipitation will havehpyevalence rates.
The second hypothesis is that certain landscape and social factothabdstuse differences in
mosquito infection rates &. immitis. From this hypothesis, it is predicted that landscape factors
will predict the likelihood of finding heartworm positive vectors. Althleggevious research has
been conducted to determine important vectoi3. dfnmitisin Oklahoma in the past (Alfolabi et

al. 1989), changes in vector community since the mid-1980s suggest thahtigfereies may

now be responsible for dog heartworm transmission. Therefore, pidhesized that the
invasiveAe. albopictus is an important vector of heartworm in Payne County. It is predicted that
Ae. albopictus will have high infection rates as has been shown throughout its aativevasive

range (Cancrini et al. 2003, Lee et al. 2007, Licitra et al. 2010).

The format of this thesis follows the journal manuscript format. Follotiisgorief introduction,
Chapter Il is a literature review of the information surroundngnmitis, coyotes, and mosquito
vectors. Chapters lll and IV are stand-alone manuscripts that veilllineitted for publication.

Chapter Il details the prevalence ratdboimmitisin coyotes in Oklahoma and North Texas.



Chapter IV explains the vector incrimination study in urban and rural PayneyC@klahoma.
Chapter V is a brief summary and conclusions chapter. The literatiges r@vd each stand-

alone manuscript have appropriate literature cited sections associdteéldenit



CHAPTER Il

LITERATURE REVIEW

I ntroduction

The dog heartworm disease cycle incluBesmmitis, the pathogen, mosquito vectors, and
domestic and wild canines as the definitive hosts of the disease. legsaBcto examine each
component for complete knowledge of the disease. Important areas of tise digda include
the pathology, diagnosis, treatment, and prevention of dog heartworm, epizootibbtugy

heartworm in domestic and wild canids worldwide, and mosquito biology and tesinsmi

Pathology, Diagnosis, Treatment and Prevention

Dog heartworm is a chronic, ultimately fatal infection of companion dogs andaated by
Dirofilaria immitis Leidy, and spread by the bite of over 60 species of mosquitoes (Ludlam et al.
1970). Dirdfilaria immitisis a nematode, filarid parasite in which the adults primarily irfest
pulmonary artery and right ventricle of wild and domestic canines. Tidevorms give birth

to microfilariae that circulate in the bloodstream of the definitive (dog) hidse intermediate

host, a mosquito, ingests the microfilariae when she takes a blood meal.



The microfilarie develop to third stage larvae in the mosquito's malpighiaules over a period
of 10-15 days (Foster and Walker 2009). The infective juvenile wornmsitaitp the head
capsule of the mosquito and enter a definitive host when the mosquito feledsTdgalarva
stays near the bite wound for several days before molting. Over the pdxttlwee months the
larvae molts again and becomes an adult and migrates to the pulmonary aftergandther
three to four months, the infection becomes patent and detectable]lanihfy mating the adult

females begin producing microfilariae.

Cats are also susceptible to infection vidthmmitis, but are not competent hosts. A fBw
immitis larvae can mature to adulthood in the aberrant cat host, but they arabdediy
reproduce and do not produce sufficient microfilaremia to infect mosq@ogsnan 2009).
Despite the low parasite load, infected cats can develop heartwarniadsd respiratory disease,
a serious condition caused by the migration of larvae through the lungd(Biaand Dillon
2007). Migration of the larvae throughout the cat can also result in sudderiRteathan

2009). Infection in cats, as in dogs, is ultimately fatal.

Depending on parasite load, infected canines can experience four cladseasd#.dPrecise
numbers of worms that cause disease in dogs varies with the size anidheadfalof the

animals. Smaller dogs and those that have other health problems arketass ¢b infection than
larger dogs, and because of their smaller cardiovascular systeth dogs become symptomatic
with lower numbers oD. immitis. Class one disease results in a subclinical infection. Class two
is characterized by the onset of signs. The signs are generalgmdilconsist of a chronic

cough, dyspnea, and reduced exercise tolerance. In class three disease, thesdomshow
severe signs, including syncope, hemoptyses, congestive heart taildii@scites. Class four
disease is the acute onset of heartworm disease and is also known esveesyamdrome. If a

dog is at this level of illness, surgery is the only option to remove dh@swia the jugular vein.

Without surgery the dog will die within 24 to 72 hours (Bowman and Atkin8)200



Although currently prevented with a prophylactic ivermectin, milbemycin oxémkamectin, and
moxidectin regime, once an infection occurs, treatment is much moresliffid expensive
(Bowman 2009). The cost of monthly prophylaxis varies for the type of drug, the mprapd
the size of the dog. For example a medium-sized dog on monthly prevenpatiokased from a
national drug dispenser will cost approximately $67 per year (1800PETMED30Xin In
spite of the low cost, not all dog owners and even fewer cat owners complgedthmend
prevention regimes, and compliance among indoor pet owners is particularlyalesd on the
false assumption that the mosquito vectors do not enter houses. The emefgesistance to
ivermectin in other filarids raises the possibility of resis&inD. immitis, which would make

vector control an important component in preventing transmission (RI20as).

Treatment options vary depending on the severity and duration of the infeEto dogs with a
mild to moderate clinical signs, two injections of melarsomine dihydrddelaan be given 24
hours apart. Moderate to severe infections require two melarsdmyarochloride injections
given one month apart to increase efficacy of the treatment by allomjnighanature worms to
mature before another application of adulticide and to allow the infetexdleto clear the dead
worms without shocking their system (Bowman and Atkins 2009). An animatisgffeom
acute disease, vena cava syndrome, requires surgery for suctreasfiubnt (Bowman 2009).
During all treatment the cardiopulmonary system is heavily sttesea=xercise must be

restricted to prevent death (Bowman 2009).

Occult infections are those in which the dog is infected with heariwlut the infection is not
detectable (Bowman 2009). Several reasons for having an occult infectionTd»@sdog can
have a single sex infection, in which only males or only females esent; resulting in no
microfilariae production. Early infections reduce detectability teefoaturation of the worms
and production of microfilarie. Cats have an especially strong immune redpahgD. immitis

worms, which typically results in maturation of a few adult worms, but nalating



microfilariae. Inconsistent use of avermectins by pet-owners cahditlirculating

microfilariae, but not the adult worms. This irregular drug uséylikecounts for the majority of
occult infection (S. Little personal communication). Occult infediare dangerous because the
dog will not receive appropriate care and thus may contribute tortheftransmission of

disease.

There are three tests which can be used to determine if anl @nlreartworm positive. In the
simplest test, the animal is killed and the heart dissected. rilinalds positive if adult worms
are observed in the heart tissue. A second, non-lethal method is theeth&diditt's test which
looks for circulating microfilariae in the bloodstream (Zajac andbBsl 2006). The veterinarian
draws one ml of blood and lyses the red blood cells with a 1:10 dilution with form@&he
microfilariae are sediment stained with methylene blue. The number wffilaigae are counted.
The final, most common test is a SNAP test which detects antigen givientbi female
reproductive tract. This test is commercially available. Threpsdof whole blood or serum are
added to four drops of the provided conjugate. This solution is mixed by invensigroared
onto the test. When the liquid is absorbed across the test, tre@divtton must be fully
compressed. The veterinarian must wait eight minutes for test r@BltsX Laboratories,

Inc.).

Problems exist for both lethal and non-lethal tests. Of the two nondesits, the SNAP test is
generally more reliable and accurate than the modified Knott'sTas modified Knott's test is
now out-of-date for determining infection for several reasons. Oadelitions in which there
are no circulating microfilariae in the bloodstream could lead to fedgatives. Additionally, the
process of infection to production of microfilariae takes approximé&t&ynonths. It only takes
4-5 months for nematodes to mature in the host, so using a SNAP test cathdatdettion
sooner than a Knott's test, shortening the window of false negatives ri@maitman 2009).

Because the Knott's test only uses 1 ml of blood, it is has low sengtivitgared to the SNAP



test which can detect the antigen from the reproductive tract of as femedo three adult female
worms. The antigen test detects a female reproductive tragg@ngo the SNAP test will only
work once the females have matured. The antigen test does nothing¢o sherre-patency
period. If an animal is killed or has died, cardiac dissection can berpedat necropsy to
visually inspect the pulmonary artery for adult worms. The problemthig method is that due

to human error and the degree of decay of the carcass, it is possilés thenvorms.

Biology and Natural History of Coyotes, Canislatrans

Coyotes have been shown to be infected with heartworm throughout the United\8tasesn

et al. 1991, Custer and Pence 1981, Foryet 2008, Sacks et al. 2004, Foster et al. 2008), howe
no studies have been conducted to determine the prevalence of heartwormean toffot

southern plains region. Learning about their role in the southern g@amgortant in the
understanding of heartworm transmission and the role that coyotes playhgatheorm disease
cycle in this ecosystem and location. Coyotes have been able to hinbman altered

landscapes because higher predators, such as wolves and bears, malienreged and because

anthropogenic food is readily available for scavenging (Andelt 1985).

Coyotes are omnivores, feeding on fruits, small vertebrates, and largeraizafAndelt 1985).
For feeding on fruits, grasses, insects, and small vertebrates sodeis and birds, coyotes are
able to catch food on their own without assistance from other coyotes (Angg)t Ihe amount
of cooperation between coyotes increases as the size of the pregascrééhen hunting larger
prey such as rabbits, raccoons, opossums, armadillos, skunks, and deer fawncpgatesf

may work together to capture the prey and share the food (Andelt 1985). Rdarges prey
items, such as deer, cattle, javelinas, and feral hogs, cooperation becogasmytio capture

the prey and, as in other cooperative hunting behaviors, the coyotethehfared (Andelt 1985).

Diet composition is dependent on the time of year due to food availabilitystirdg of coyote



diet by Andelt (1985), fruit made up the majority, 65%, of the diet in the smmmanths and
only 1% during the winter months. Mammals were determined to accounttoof@he winter
diet and 28% of the summer diet. Predictably, during fawning season, wieiteeteér are a
common prey item. Similarly, during the summer insects were importdm iiét and small
mammals such as mice and rats were important prey items in the wintnilds are able to
hunt small rodents such as voles and mice as well as insects, while dtdyhadularger
mammals including ground squirrels and rabbits (Wells and Beckoff 1982)e, @attbably
scavenged carcasses, were also part of the coyote diet durinigtire(Andelt 1985). Studies
about diet composition are based on scat analysis, so it is impossible tdroetelnat
proportion of large prey animals were killed or scavenged (Andelt 1985). Inyatlsaid

observed the predation, all but one ungulate was eaten as carrion (Wdlleckoff 1982).

In Oklahoma, coyotes are able to breed beginning in December, earlier thamémmestates,
and will continue to breed until March (Dunbar 1973). They are long day mambsteders,
meaning females go into heat once per year in late winter and eanly aprilay length is
increasing (Knowlton 1972). The females come into heat in January3M&he gestation
period is 60-63 days and the pups are born in March-May (Knowlton 1972). Au#taigsize
in Texas was 6-7 pups (Andelt 1985), and is probably similar in Oklahoma.nt&d¢ and
female parents are responsible for raising the pups (Andelt 1985). Make=xaally mature at
approximately one year old, while females two years and older have héghedity than

yearlings (Sacks 2005).

Coyotes live alone, in pairs, or in groups of 3-7 related individuals. Indigitiaze a home
range of 4.3 to 4.7 sq km (Andelt 1985). The average group size was 1.4 to 1.8 individuals
because group size changed depending on the time of year. The group sizgenas e
winter during the breeding and gestational time period than in the spring ameésdoring

whelping and post-nursing stages (Andelt 1985). Young males tend to emigtdiredaa new



home more often than young females (Andelt 1985). They emigrated an avet&daroaway

from their last known home range (Andelt 1985).

Coyotes have been implicated as major livestock pests and as a resiudeasubject to
predator control (Beckoff 1978). This is ineffective, because esymthibit compensatory
natality. Under high predator control, they will produce more offspring to conpefiosahe
increased mortality (Knowlton 1972). When coyotes are under high mortedisg srom

hunters, the coyotes that are not killed are able to survive winterezatidy than when there is a

high density of coyotes in the area (Beckoff 1978, Wagner 1975).

Coyotes have been able to thrive in urban areas of the United StakesZ@07). Survival rates
in major urban centers are high: in Chicago the survival rate is 0.6 aszona 0.72, and

Los Angeles, California 0.74 (S. Gehrt unpublished data, Grinder and Krau66trR2ley et

al. 2003). An estimate of the coyote survival rate in a rural area®uatslbany, New York is
0.20 (Gehrt 2007). The higher survival rates recorded in urban areds Huane rural ones

could be caused by a lack of hunting in urban areas (Gehrt 2007). The home range of urban
coyotes is 7.3 sq km, which is larger than reported rural home ranges (Gehrt [2OGighly
urbanized areas the home range increases and coyotes are more likelgabtary lives,
presumably to compensate for lack of resources (Gehrt 2007). The diet of aybtscin order
of importance, consists of rodents, rabbits, human-related items, and dolusstdacCracken

1982 and Morey et al. 2007).

Epizootiology of Dog Heartworm in Domestic and Wild Canids

Nationally, dog heartworm has been increasing its range in the last 30iyesnite of effective
preventative treatment (Weinman and Garcia 1970, Pennington et al. 1970, Kocan 1976).
Heartworm infections in domestic dogs in California were not diagnoseédhen1970s

(Weinmann and Garcia 1974). A current, nationwide survey reveals that thédhamimen

10



reported in domestic dogs throughout the continental United States (BowailaRQ£19).

Dirofilaria immitis spread into Oklahoma between 1969 and 1974 (Pennington et al. 1970 Kocan
1976). A survey conducted in the summer of 1969 of 100 shelter dogs from Stillwatere Guthri
Edmond, Enid, and Ponca City revealed an infection rate of 0% (Pennington et al. A970)

survey conducted five years later from 1974-1975 showed the infection ratgsdielog treated

at Oklahoma State University veterinary hospital was 4.5% with atingl microfilariae and

7.3% presenting adult heartworms at necropsy, suggesting an invasion of GkiaitioD.

immitisin the early 1970s (Kocan 1976). Owners of some infected dogs reported that the dogs
had never been out of the state indicating that the filarid paraditeslcame enzootic in

Oklahoma (Kocan 1976). The only recent data available indicated a 2.1%omfate in

Oklahoma dogs (Bowman et al. 2009).

Current research shows that at 3.9%, the southeastern states hatidbegnigyalence rate in the
country, while Oklahoma had a prevalence of 2.1% infection (Bowman et al. 2008bIn
county reported the highest infection rate in Oklahoma , > 6.1%, however, mang€ tiaak
fewer than ten test results, so information from those counties were mmsidch the analysis
(Bowman et al. 2009). If the number of individual test results reportedneater than ten, but
still low, the infection rate could appear inflated (e.g., one pogiisteout of ten shows an
infection rate of 10%). This type of large scale survey provides insighgjeneral trends of
disease over a large spatial scale like the continental Unitaxs Stait does not explain variation
at the more local scale that dictates risk of infection for eath$maller scale vector studies
looking at habitat and host availability can answer detailed questionsradbdiactors, including

urban versus rural landscapes and host density, associatdol wrtitis infection.

In addition to the spread of dog heartworm in the United States, it haspgveadisg in other
regions of the world. Historically in Italy, dog heartwowas only found in the northern regions,

but in recent years has spread into southern areas of the countryd@0@9}. Reasons for this

11



spread remain obscure, but may be associated with changes in distribution ofanestiars.
Little is known about how these changes might affect spread of dog heantwirenUnited

States.

Although domestic dogs tend to be the fobusmmitis research, wild canids are potential
reservoirs of the disease (Weinman and Garcia 1980). Prevalende aamids seems
dependent upon location, with the prevalence of heartworm in coyotes lowesstei/states
than Eastern states. Oklahoma is an ideal location to study the dog hearwoyotes because
it is ecologically diverse. There are eleven level three emmregpanning the state
(Environmental Protection Agency 2000). Some researchers in otreoptre country
considered all age classes of coyotes together when reporting infatéatata. Of 24 coyotes
collected along the Gulf Coast including Texas and Louisiana, 17, or 71 %aualyibies were
infected (Custer and Pence 1981). In Washington state, researchers usedlsgection as a
detection technique and found none of the 556 coyotes tested were i(fected 2008). Sacks
et al. (2004) collected coyotes at the California county levifamnd a wide range of prevalence
rates, 0-25% . Forty-three percent of coyotes collected in Florida werettbbadeartworm
positive (Foster et al. 2003), while coyotes collected from rural arélinait revealed a 16%
prevalence rate (Nelson et al. 2003). As in domestic dogs, heartworobablyrspreading in
wild canids. For example, into the early 1990s, heartworm infections in wildscaere low,

but increased to 91% by 1996 in a small sample of 23 coyotes collected in Ca(farcka

1998).

Studies have also examined the effects of age and geographic locatencemtgye of coyotes
infected with heartworm. A study in Missouri looked at infection ra¢dwéen age classes. Age
class is determined by width of the pulp cavity of the lower canine tooth (KunelhiBexg 1981).
Predictably, coyotes that are older, up to 3.5 years of age, were sighyficare likely to be

infected (Wixsom et al. 1991). An infection, once established, is not sélfiliras older

12



coyotes have had more time to be exposed to mosquitods. anadhitis. However, coyotes that
were older than 5 years began to again show a decrease in infection ratem \&fixed. (1991)
hypothesized that older coyotes that may be weakened from other health probtemsone

likely to have died from infection and therefore there was a survigalibithe sampled coyote
population (Wixsom et al. 1991). In Missouri, coyotes less than six months old had an 8.7 %

infection rate while those over 3.5 years had 40.4 % infection rate.

Although domestic dogs and cats suffer severe, deadly disease askaitiaD. immitis
infection, observations of carcasses did not reveal major differenappanent health between
infected and uninfected coyotes (Nelson et al. 2003). In lllinois, heartimbeated yearling
female coyotes were significantly less likely to have reproduced ltibar that were uninfected
(Nelson et al. 2003). This difference was not maintained throughout theagthelasses. Older
female infected and uninfected coyotes were equally likely to have reprb¢ielson et al.

2003).

Male and female wild canines have not been shown to have significameddés in infection
rates (Nelson et al. 2003). In terms of coyotes, 1.07 females were infeetghy 1 male
(Nelson et al. 2003). In Texas and Louisiana, when looking at wild canines togétheé of
males and 76 % of females hadimmitis worms in their pulmonary artery (Custer and Pence

1981).

Other wild canid species, including red wolv€anis rufus gregori, coyote x red wolf hybrids,
and red foxesyulpes vulpes, can also be infected with. immitis. Coyote x red wolf hybrids had
an 83 % infection rate for 46 specimens collected in Texas and Louisiastei{@nd Pence
1981). Low numbers of red wolves#£ 8) were collected, but all of them (100%) were infected
with heartworm (Custer and Pence 1981). Due to the low number of specimentedoit is

impossible to extrapolate an accurate infection rate for the populationyéwes is valuable in

13



that it is known that this species is able to be infected. Red foxes wdoaimd to have such
high infection rates. Of 85 red foxes collected in Missouri, only 6 % weretédfevithD.

immitis (Wixsom et al. 1991).

In spite of relatively high infection rates and the diversity of wadids that can be infected with
D. immitis, some researchers have hypothesized that wild canines are not an impsetaoire
of disease for the domestic dog population; rather, the infections in tioar@sal populations
are the cause of the infections in the wild canine population (Otto.198@) hypothesis is
supported by research conducted in Melbourne, Australia, to testebts eff location (urban or
rural) onD. immitisinfection in red fox (Marks and Bloomfield 1998). The infection rate in
Melbourne was 6.4% of 93 foxes tested, compared to none of the 19 foxes testeddtom rur
surrounding areas (Marks and Bloomfield 1998). This phenomenon was also ohs&pathi

in which foxes collected from riparian areas, between high human populatiomaral areas,
had higher infection rates than those collected in more secluded are@zgGer al. 1994).
From these data, it has been hypothesized that higher concentratimmsestic dogs in urban
centers drives the elevated wild canid infection rate in cities. Ihareas where there is a lower

density of domestic dogs, the infection rate in wild canids is also dedrease

M osquito Biology and Transmission of D. immitis

There have been numerous studies in the United States over foetyagtars that have
demonstrated a variety of potential vectors, including mosquitoes irtleeagnophel es,

Psorophora, Culex andAedes (Eldridge and Edman 2000). Researchers conducted a study of the
presence of L3 larvae in mosquitoes collected from Gainesville, FloridmvBd-lorida, and

Baton Rouge, Louisiana (Watts et al. 2001). In Gainesville, Fldedeanadensis, Ae. vexans,

An. crucians, Ae. infirmatus, Cx. nigripalpus, andPs. ferox were all found to be positive f@.

immitis. Anopheles crucians had the highest rates of infection with 0.2% (Watts et al. 2001). In
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Bartow, Florida onlhAe. vexans were positive with heartworm at a rate of 2% (Watts et al. 2001).
The researchers found positive pool#\efvexans, An. quadrimaculatus, andPs. columbiae in

Baton Rouge, Louisiana (Watts et al. 2001). In more recent studies in&eesgarchers found
three species of mosquitoes to be heartworm positive incluiinglbopictus, An. punctipennis,

andAn. crucians (Licitra et al. 2010).

The only work on vector incrimination in Oklahoma was conducted nearly tleaisyago. This
vector study work incriminatefledes trivatattus (Coquillet) andCulex erraticus (Dyar and

Knab) as the importam. immitis vectors in Oklahoma based on mosquito feeding habits,
numbers of mosquitoes, and ability to transmit heartworm (Afolabi et al. 1988). However,
this study was conducted at a single site in Payne County over a shaitqiéinme, using a dog
infected withD. immitis as bait, thus preventing any examination of underlying landscape or
socioeconomic factors that may contribute to dog heartworm transmission. tlaradbe vector

community in Oklahoma has changed since this study in the late 1980s.

A dramatic change in the vector community of Oklahoma has been the inbgstom Asian

tiger mosquitoAedes albopictus Skuse (Hawley 1988). This mosquito is a container-breeding,
synanthropic mosquito originally found in East Asia (Hawley, 1988). It is an iemgoréctor of
numerous human pathogens, including dengue virus, chikungunya virus, and the filarmdeemat
that causes human filariasByrgia malayi (Gratz, 2004). Throughout its native home ramge,
albopictus has been shown to be a vector of heartworm. Although found to have lowapmfect
rates tharCx. quinquefasciatus in Taiwan,Ae. albopictusis an important vector on this island
nation (Lai et al. 2001)Aedes. albopictusis known to be an important vectorfimmitis

larvae in Singapore, Japan, China and Korea (Chellappah and Chellappah 1964, 1989,

Lai et al. 2000, Lee et al. 2007).
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In laboratory experimentée. albopictus maintained an average of 2@7immitis larvae and up

to 51 larvae for up to twelve days post-infection, and 99.4% contained at least ariegnat

larvae, indicating thade. albopictus is a competent vector of dog heartworm (Kartman 1953).
The potential for the global invasion of this mosquito to contribute to the spreasta$elihas

been suggested (Juliano and Lounibos, 2005), although empirical evidence hasibestnliim

Italy, which Ae. albopictusinvaded in the 1990s, this species has been shown to be an effective
and important vector of heartworm (Cancrini et al 2003). Furthermoreptead oD. immitis

from northern into southern areas of Italy may have been driven by the dtarddnvasion of

these parts of Italy bge. albopictus (Otranto et al. 2009)

Urbanization and M osquito-bor ne Epizooticsin the United States

Researchers studying other vector borne diseases have looked atparfdstors in endemic
areas in an effort to learn what factors are associated with infeat@nkeartworm infections
have been hypothesized to be more common in urban areas, although the actudiaetdgsns
relationship are unstudied (Marks and Bloomfield 1998). Indeed, therdadk of knowledge
about the relationship between landscape types such as urban and rural aridfgetitor data
in dog heartworm. Other epizootic pathogens have been studied in this contextarfiolee
West Nile virus (WNV) is an invasive, zoonotic, epizootic pathogeharUnited States. The
abundance of the primary vectors of West Nile virus in the eastetedStatesCulex pipiens
andCx. restuans, is positively correlated with human density, housing density, and urban land
use, while negatively correlating with age of homes and amount of forested(@rawinski and
Mackay 2010). In Georgia, songbirds collected on an urban-rural gradieate@ increased
prevalence of antibodies to WNV in urban areas (Bradley et al. 2008)awaii, an invasive
species of mosquit@x. quinquefasciatus, transmits avian malaria to the resident birds (Reiter
and LaPointe 2007). Researchers found that there was a higher prevaléxce of

guinquefasciatus in mixed agricultural and residential areas and in areas with higlslef/forest
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fragmentation, relative to birds that nested in intact forestgRend La Pointe 2007). Birds that
nested in national parks near these types of landscapes were at ekio§imfesction due to the

mobility of both the vector and the host.
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CHAPTER Il

PREVALENCE OF DOG HEARTWORMDIROFILARIA IMMITIS IN COYOTES,

CANISLATRANS, IN OKLAHOMA AND NORTH TEXAS

Abstract

Dirofilariaimmitis is a nematode parasite that causes a serious, fatal diseaseestid dogs and
cats as well as wild canids, felids, and procyonids. The dog heartweeasdicycle includés.
immitis, the pathogen, mosquito vectors, and carnivorous mammals as definitvehtbe
disease. Although this disease can be prevented with the use of antthieldrugs, many dogs
and cats remain at risk because they are not given adequate presengativine (Bowman
2009). In an effort to learn more about the sylvatic cycle of heartwo®klahoma, whole
blood and serum samples were collected from 77 coyotes in rural areamiccevtes
throughout the Oklahoma and Texas from January to March, 2010. Coyote caremsses w
donated by the Oklahoma Department of Agriculture, Food, and Forestry USDAf&Vildli
Services and the Oklahoma Predator Hunters’ Association. Of the 77 cegiéel b (6.5%)
were positive for heartworm antigen. The distribution of infection sldoavpossible trend of
higher infection in eastern than western areas, although the overall poevaias low relative to

studies from the eastern United States.
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I ntroduction

CoyotesCanislatrans, can be infected witDirofilaria immitis, the causative agent of dog
heartwornthrough the bite of an infected mosquitomparing studies of prevalence in coyotes
suggests a strong influence of geography in determining prevalence,udlifssh the eastern
and midwestern United States demonstrating high prevalence. Of 24 coyaetedalong the
Gulf Coast including Texas and Louisiana, 17, or 71 % of the coyotes were infeagter(and
Pence 1981). Forty-three percent of the coyotes collected in Floridaouerktd be heartworm
positive (Foster et al. 2003). In rural lllinois, 16% of the coyotesdestre positive for
heartworm infection (Nelson et al. 2003) (Table 3.1). On the other hanigssiudn the West
Coast of the United States have generally shown low rates of infelctidrashington state,
researchers used cardiac dissection as a detection technique and foundm®bsé&®toyotes
examined were infected (Foryet 2008). Sacks et al. collected caydbesCalifornia county

level and found a wide range of prevalence rates, 0-25% (2004).

Although information from the east and west of the United States aboutamild infection rates
is available there is no information about Oklahoma. There aadatadomestic dogs, and
Bowman et al. showed the prevalence of heartworm in domesticldigsésent at veterinarians
in Oklahoma to be 2.1%, in the few counties with sufficient reporting (20019¢. majority of the
state did not have any data because of low reporting, making conclabmrtdocal prevalence
difficult. In addition, domestic dogs that show up at veterinarian offikelylrepresent a biased
sample of the population of domestic dogs as a whole. One approach to gain ampubegec
understanding of heartworm infection in Oklahoma is to study the infection atrans because
coyote are untreated, likely have consistent opportunities for exposdrdistributed throughout

this ecologically diverse state.
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Oklahoma has eleven level three ecoregions spanning the state (EnwitalrfPnetection
Agency 2000). These ecoregions include: the western high plains, southwasidaus, central
great plains, flint hills, central Oklahoma/Texas plains, souttralgrlains, Ouachita mountains,
Arkansas valley, Boston mountains, Ozark mountains, and the centraldrrplgihs. Due to the
great variation in the landscape, Oklahoma is an excellent location to exbmnedationship

between local conditions and prevalence of heartworm in coyote.

The objective of this study was to determine the prevalence raterbf/bva infections in
coyotes across the diverse landscapes of Oklahoma. This was ashedhiirough sampling
coyotes killed on governmental and private hunts and assaying them ftioimfeith dog
heartworm. In addition to my focus on dog heartworm, | was also able to colizétata the

coyotes on other common vector-borne infections.

Materialsand M ethods

Coyote Sampling

Coyote are killed in high numbers by three groups in Oklahoma: the United Bigpartment of
Agriculture Animal and Plant Health Inspection Service (USDA-APHIB]life service, the
Oklahoma Predator Hunters’ Association, and private wildlife canfrbk USDA and the
Oklahoma Predator Hunters’ Association donated harvested coyotesesrfmsthis research
during the winter, January to March, of 2010. Additional coyote carcassesoNected
opportunistically as road kill. All geographic data were collected usitgpalgpositioning

system GPSmap76Cx, (Garmin company, Olathe, Kansas, USA).

The USDA-APHIS wildlife service conducts aerial hunts of catteehes during calving season
(January to March) at the request of the ranchers because otlzefeayotes will kill calves.
Employees regularly collect over thirty coyotes at each hunt. Aigecdyotes are killed, the

carcasses are collected for disposal. In 2010, | attended two USDA mats danuary 27 in
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Craig County and one on March 17 on two separate cattle ranches in Ok@aigeg. Once
the carcasses were retrieved by USDA workers, | collected blood amel desiples foD.
immitistesting and examination for other parasites by collaborating researGwographic data
for all coyotes collected through this program, at each given hunt, is the iapgie@xenter of the

ranch. | sampled 62 coyotes collected by USDA coyote hunts.

The Oklahoma Predator Hunters’ Association (OPHA) has statewtimeal hunts primarily in
the winter. The association was founded to unite predator hunters fromhibubo@klahoma to
attend local hunts and hunting contests. The hunters usually keep only the kldé of the
coyotes, so they were willing to donate the carcasses for researchnganijiey attract the
coyotes to their location using distress prey calls. In 2010, | attended two G@iE hunts.
Because the hunters were often unable to provide accurate kilblgdae geographic data for
these coyotes is the center of the county in which they were killed. leshiibplcoyotes that

were collected by private hunters through the OPHA.

Road kill opportunities provided additional coyote samples. Road kill coyotesca#ected on
a convenience and opportunity basis only. | sampled one road kill coyote in Raymg. Erom
all three types of coyote collection opportunities, | was able to safingwh five ecoregions

including, the Arkansas valley, the central Great Plains, the cediah@na/Texas plains, the

south central plains, and the central irregular plains.

Blood Collecting from Carcasses

Because the coyotes are dead and some may have been dead for several houas)flle®d s
were taken from the coyote hearts. | opened the ribcage and bisected the siegra 3Jml
syringe | extracted 3 ml of blood from each coyote and put it into a blood tubendog iz
anticoagulant, EDTA, and a blood tube without an anticoagulant. Additional namstkkin

samples were collected for collaborative research projects.
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Blood testing

In the laboratory, the coagulated blood was centrifuged for ten minute@at86. The serum
was removed using disposable pipets and put into microcentrifuge tubes. I aesigewvere not
immediately available, the serum was frozen and recentrifuged tie$birey. ldexx
Laboratories, Inc. (Westbrook, Maine) donated SNAP 4Dx tests which dateéce dhieartworm
antigen, andinaplasma phagocytophilum, Borrelia burgdorferi, andEhrlichia canis antibody.
Results of tests for all four diseases were recorded. Three dropslefblood or serum was
added to four drops of the provided conjugate. This solution was mixed byionvansl poured
onto the test. When the liquid is absorbed across the test, tha@dtiutton must be fully
compressed. The veterinarian must wait eight minutes for testsrdfHXX Laboratories,
Inc.). The SNAP test has high sensitivity and specificity; for heantvaortigen, the test is 99.2%
sensitive and 100% specific, fAr phagocytophilum the test is 99.1% sensitive and 100%
specific, forB. burgdorferi the test is 98.8% sensitive and 100% specific, anH.fcanis the test

is 96.2% sensitive and 100% specific (IDEXX laboratories).

Results

Coyotes were collected from six Oklahoma counties and one Texas countglirig@9 from
Craig (36°45’'N,95°08'W); six from Creek (35°50’N, 96°19'W); two from Logan (35°56°'N,
97°31'W); 33 from Okmulgee (35°40’'N, 95°58'W); two from Payne (36°08’'N, 97°00'W); one
from Roger Mills (35°37’N, 99°38'W); and four from Collingsworth (35°02’N, 100°20'W).
Positive heartworm samples were obtained from coyotes collectedei,@kmulgee, Craig,
and Collingsworth Counties (Figure 3.1). One female coyote of 29 sample€faignCounty
was infected, as were two males of six coyotes from Creek County, anghaale bf four from
Collingsworth County (Table 3.2). There were no coyotes from the otheieopositive for

heartworm antigen. Therefore, the overall infection rate for heartwasrévd9%.
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In addition to testing foD. immitis antigen, the IDEXX snap tests also detects antibodies of
Anaplasma phagocytophilum, Borrelia burgdorferi, andEhrlichia canis. In the 77 Oklahoma and
Texas coyotes, none were positive Aophagocytophilum or B. burgdorferi. In Craig and Creek
Counties, one male and one female were positive.foanis (Figure 3.2). None of the other
coyotes were infected with. canis. Overall four of 77 coyotes were positive tarcanis, giving

a statewide prevalence of 5.19% (Table 3.3). One female freek@ounty was co-infected

with bothD. immitisandE. canis.

Discussion

Nationally, dog heartworm has been increasing its range in the last 3@nyeansestic dogs, in
spite of effective preventative treatment (Weinman and Garcia 19@dingeon et al. 1970,
Kocan 1976). Heartworm infections in domestic dogs in California were rgptaiad until the
1970s (Weinmann and Garcia 1974)and a recent national survey showed dog heartworm i
domestic dogs throughout the continental United States (Bowman et al. 2009). Ath® 9%,
southeastern states had the highest prevalence rate in the couldr@kihoma had a statewide
prevalence of 2.1% (Bowman et al. 2009). Lincoln county in Oklahoma reploetéighest
infection rate , > 6.1%, in the state, however, many counties had fewer thast tesués, so
information from those counties were not included in the analysis (Bownahn2€09). Based
on the results of the 77 specimens | sampled, coyotes have a higher prenzéentéeartworm
than dogs tested at veterinary offices in Oklahoma (Bowman et al. 2009)is Trituitive
because the dogs taken to the veterinarian are more likely to be on preeehgat wild,

unprotected coyotes.

The prevalence dD. immitisin coyotoes in rural areas of Oklahoma was low relative to data
from eastern states, but similar to some studies in the western Stated. \Western states tend

to have lower prevalence rates. Sacks et al. (2004) collected caydtescounty level in
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California and found a range of prevalence rates, 0-25%, very simildrat | found. Likewise,
in Washington state, researchers used cardiac dissection as a detebtiaque and found none
of the coyotes were infected (Foreyt 2008). On the other hand, easterhatatesported high
levels of infection in coyotes. For example, of 24 coyotes collected dler@ulf Coast, 71 %
were infected (Custer and Pence 1981). Forty-three percent of the cmlteeted in Florida
were found to be heartworm positive (Foster et al. 2003). While everypatieas made to
collect coyotes from as many ecoregions of the state as possible venkefie represented in
this study. Additionally, low numbers of coyotes were collected from some @ gwosegions.
Although it is impossible to make definitive conclusions about infection détasuch low
numbers, coyotes collected in eastern Oklahoma tended to have highef ratection than
those collected in western Oklahoma, fitting the general patterd foamparing previous,

geographically diverse studies.

Infection rates can be dynamic, contributing to variation in observatiomex&mple, age
structure of the coyotes may contribute to variation in infection.rdiellinois, coyotes less
than six months old had an 8.7 % infection rate while those over 3.5 years had 4@dtianinf
rate (Nelson et al. 2003). | only examined adult coyotes (older than oneayehdid not age
coyotes, so it is possible our sample was not representative of aksogotl may contribute to
the low prevalence rate. In additidhjmmitis may be expanding its range in wild canids. For
example, in the early 1990s, heartworm infections in wild canids in Gaéfarere low, but
increased to 91% by 1996 in a small sample of 23 coyotes collected in Cali®anle (1998),
suggesting an invasion of California. If this invasive process is ongbm@révalence of dog

heartworm in Oklahoma coyotes may increase in the future.

Another source of variation may be due to the different methods used by hesetoadetedD.
immitis. Cardiac dissection is used to visually assess whether or noistlagneartworm

infection. There is some concern that using only cardiac dissectitu yretd many false
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negatives. If there are few heartworms, or the worms are smally hendifficult to accurately
assess using cardiac dissection (Foreyt 2008). SNAP antigen tabis standard test used by
veterinarians for testing patients for heartworm. SNAP tesysvamik if there are reproductively
mature female worms (Bowman and Atkins 2009). My coyotes were all addltsere
collected in the winter, so if they were yearlings, and infected théopiespring or summer, the

infection should have been patent at time of harvest.

The relatively low prevalence rate in coyotes collected if @kihoma compared to the Gulf
Coast states and Midwest could be caused by differences in the ved¢dindgive host natural
history and biology. The coyotes were collected primarily from rueslsawhere standing water
is limited to stock tanks and ponds. Many mosquitoes rely on simple aguoaticnments for
breeding , so an environment without diverse aquatic habiats wouldHe diversity and
abundance of vectors (Laird 1998). Furthermore, the vector specipssitian is different from
one part of the country or one landscape type to another. For example, onecdprosguito,
Ades. Albopictus Skusethat has been implicated as being an important vector of heartworm in
other parts of the world is not successful in rural Oklahoma (Cantahi2003, Lee et al. 2007,
Licitra et al. 2010, Paras 2011 this work). Indeed, work on mosquito vectorsmitisin
Payne County, OK suggests that urban areas have much higher rate dfatsivission than
rural areas, based upon vector infection rates (Paras, 2011). | did not sampmledbiams at
each site | collected coyotes, so the effects of variation in vesgerrdlage can only be
speculated upon. A further study in which vectors are assesseth abflaction site would help

clarify if the variation in heartworm in Oklahoma can be attributed éagovs.

Host natural history may also contribute to the pattern. Coyotesainerurironments had
smaller home ranges, of 4.3 to 4.7 sq km, than coyotes in urban locations 7.3 sufiefh 1885,
Gehrt 2007). The larger home range of urban coyotes provides more opportanitiesf to

come into contact with other definitive hosts, such as domestic dogs anddnfexsquito
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vectors. The rural coyotes that | sampled may not have had as much intenastieriap of
home range as urban coyotes would. Small home ranges in rural environagisaorlimit
exposure to domestic dogs, as domestic dog density is also lower in raraftiba areas (Paras,
2011, this work). This could account for the lower infection rate found in treh@ila rural
coyotes, 6.5%, compared to coyotes living in Chicago, IL, 41% (Gehrt uripedbliata, personal

communication).

Due to the low prevalence rate of heartworm infections in rural Oklahoywes and the
suggestion from the literature and my vector study that urban aredsanegp greater risk of
heartworm transmission, future studies should compare the prexyaieheartworm in coyotes
living in Tulsa or Oklahoma City to the coyotes | sampled. Based onsaheucted in
lllinois, coyotes from rural areas of the state had a 16% prevalae;evhile those in Chicago
had a 41% prevalence rate (Nelson et al. 2003, Gehrt unpublished datayclieséa
Oklahoma could also do a concentrated study about the infection rates found sticldogs
and cats brought to animal shelters, which, like coyotes, may be ldgddike protected with

prophylactic anthelminthics.
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Table 3.1 Review of infection rates of coyotes vidthmmitisin published studies

Percent
infected

Missouri 40.4%

Location

Gulf Coast 71%

Washington 0%
California  0-25%
lllinois 16%
Florida 43%

Number
infected
119

17

0
N/A
147
11

Number
Collected

293
24

556
1703
920

26

Citation

Wixsom et al. 1991

Custer and Pence
1981

Foreyt 2008

Sacks et al. 2004
Nelson et al. 2003
Foster et al. 2003
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Table 3.2D. immitis prevalence rate in coyotes by Oklahoma and Texas county

County

Craig

Payne

Roger Mills
Logan

Creek
Collingsworth
Okmulgee

Total

Percent infected
3.4%

0%

0%

0%

33 %

25 %

3.03%

6.49 %

Proportion infected
1/29
0/2
0/1
0/2
2/6
1/4
1/33

5/77

Sex of coyotes
Female
N/A
N/A
N/A
Male, Male
Female
Female

3 Female, 2 Male
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Table 3.3E. canis prevalence rate in coyotbg Oklahoma and Texas county

County

Craig

Payne

Roger Mills
Logan

Creek
Collingsworth
Okmulgee
Total

Percent infected
6.9%

0%

0%

0%

33%

0%

0%

5.19%

Proportion infected
2/29
0/2
0/1
0/2
2/6
0/4
0/33
4177

Sex of coyotes
Male, Female
N/A
N/A
N/A
Male, Female
N/A
N/A

2 Male, 2 Female
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CHAPTER IV

INCRIMINATION OF MOSQUITO VECTORS OF DOG HEARTWORM IN

RURAL AND URBAN SITES IN PAYNE COUNTY, OKLAHOMA

Abstract

Dirofilaria immitis Leidy is a mosquito-borne nematode that causes a serious, fatal disease
dogs and cats. Although this disease can be prevented with the use lofiattireedrugs, many

dogs and cats remain at risk because they are not given adequate fivevmedicine. Another
approach to prevention is control of important vector species, requiiagMector incrimination

studies.

There were two main objectives of this study. The first wasatuate the relationship between
landscape and social factors and the number and species of heartwone pusstjuitoes. The
second was to determine which species of mosquitoes trapped aredimfgote. immitisin
Payne County, with a specific focus on the importance of the invasiaa figer mosquito,

Aedes albopictus (Skuse).

To achieve these objectives, mosquitoes were collected from May tondere2010, from 16
rural and 16 urban locations in Payne County using three trapping methods:bestagcarbon
dioxide traps, and BG sentinel traps. Urban collected mosquitoes had silyifiigher

maximum likelihood of infection, 2.59%, than rural collected
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mosquitoes, 0.97%470.05). Two speciegedes albopictus andPsorophora columbiae, were
incriminated as important vectors if heartworm in Payne County. Coimgjdae higher
infection rate and the importance/Afalbopictusin urban areas, control through elimination of
container breeding habitats in the peridomestic environment maydmalagproach to limiting

transmission oD. immitisin urban areas in the southern Midwest.

I ntroduction

The prevalence of vector borne diseases in the vector or host can batedssith landscape
factors in endemic areas. Urbanization and habitat fragmentatioméereshown to be
important landscape factors for predicting the spread epizootic, nmbguite disease
(Trawinski and Mackay 2010, Reiter and LaPointe 2007, Siers et al. 2010, Brtadle2008).
Dog heartworm infection witDirofilaria immitis Leidy, is a common vector-borne disease
throughout the United States that provides an opportunity to examine the effiesidscape

factors on transmission of a mosquito-borne pathogen.

Dirofilaria immitis causes a serious, fatal disease in dogs and cats. Although this diselse c
prevented with the use of anthelminthic drugs, many dogs and cats remain ataisetibey
are not given adequate preventative medicine (Bowman 2009). This déseagertant to pet
owners due to the devastating effects on untreated animals, and much ofarehreseducted
has looked at infected definitive hosts only. The traditional approadbemsg control has been
to protect animals with a prophylactic ivermectin, milbemycin oximeansectin, or moxidectin
regime. Prevention is critical, because once an infection oceataient is much more difficult
and expensive (Bowman 2009). However, the emergence of resistangentectiein other
filarids raises the possibility of resistancebinimmitis, which would make current control

strategies untenable (Prichard 2005)..
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Another approach to prevention is control of the mosquito vectors. Dog hearsvepnead by
the bite of over 60 species of mosquitoes worldwide (Ludlam et al 1978)biidad vector range
makes vector incrimination important in any given location, and may akowrgl conclusions
about the interaction of vectors with landscape or socioeconomic factecsorVhcrimination is
critical to pest control strategies because targeting speeifiors can be an effective and

economical approach to disease prevention.

There have been numerous studies in the United States ovet floetyagears that have
demonstrated a variety of other potential vectors, including mosquitdes gemeranophel es,
Psorophora, Culex andAedes (Eldridge and Edman 2000). Local vector communities vary in
which species are likely to be important vectors. For example, rasesigonducted a study of
the presence of L3 larvae in mosquitoes collected from Gainesvill@d&l&artow, Florida, and
Baton Rouge, Louisiana (Watts et al. 2001). In Gainesville, Fléwdes canadensis, Ae.

vexans, Anopheles crucians, Ae. infirmatus, Culex nigripalpus, andPsorophora ferox were all
found to be positive fdD. immitis. Anopheles crucians had the highest rates of infection with
0.2% (Waitts et al. 2001). In Bartow, Florida oAl vexans were positive with heartworm at a
rate of 2% (Watts et al. 2001). The researchers found positive pdswekans, An.
guadrimaculatus, andPs. columbiae in Baton Rouge, Louisiana (Watts et al. 2001). More recent
studies in Georgia, researchers found three species of mosdaitmekeartworm positive

including, Ae. albopictus, An. punctipennis, andAn. crucians (Licitra et al. 2010).

The only work on vector incrimination for dog heartworm in Oklahoma was conttnetely
thirty years ago. This vector study work incriminafedes trivatattus (Coquillet) andCulex
erraticus (Dyar and Knab) as the importadtimmitis vectors in Oklahoma based on mosquito
feeding habits, numbers of mosquitoes, and ability to transmit heartwdohaljifet al. 1988,
1989). However, this study was conducted at a single site in Payne Countyg dsminfected

with D. immitis as bait, preventing any examination of underlying landscape or socioeconomic
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factors that may contribute to dog heartworm transmission. In additiorgd¢te ¢ommunity in
Oklahoma has changed since this study was in the late 1980s. Thehefonest important and

influential vectors may have shifted since Afolabi et al's (1989) study.

A dramatic change in the vector community of Oklahoma has been theoimbgsine Asian

tiger mosquitoAe.s albopictus (Hawley 1988). This mosquito is a container-breeding,
synanthropic mosquito originally found in East Asia (Hawley, 1988). It is an tengorector of
numerous human pathogens, including dengue virus, chikungunya virus, and the filarmdeemat
that causes human filariasByrgia malayi (Gratz, 2004). Throughout its native home rage,
albopictus has been shown to be a vector of heartworm. Although found to have loweabinfect
rates tharCx. quinquefasciatus in Taiwan,Ae. albopictusis an important vector on this island
nation (Lai et al. 2001)Aedes. albopictusis known to be an important vectorDfimmitis

larvae in Singapore, Japan, China and Korea (Chellappah and Chellappahdéii, X089,

Lai et al. 2000, Lee et al. 2007). In laboratory experiméw®salbopictus maintained an average
of 20.7D. immitis larvae and up to 51 larvae for up to twelve days post-infection, and 99.4%
contained at least one maturing larvae, indicatingAbadl bopictus is a competent vector of dog
heartworm (Kartman 1953). The potential for the global invasion of thiguitogo contribute to
the spread of disease has been suggested (Juliano and Lounibos, 2005), althouggi empiri
evidence has been limited. In Italy, whi&é albopictus invaded in the 1990s, this species has
been shown to be an effective and important vector of heartworm (Cagtcaini
2003).Furthermore, the spreadfimmitis from northern into southern areas of Italy has
implicatedAe. albopictus as the driving force in this change in dog heartworm distribution
(Otranto et al. 2009). However, the importancéefalbopictus in dog heartworm epidemiology
in North America is speculated, but not well documented (Apperson et al. 1989 g\t

2001). More recently, in a Georgia stud, albopictus was found to have the highest infection
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rate, 2.3%, of the species collected (Licitra et al. 2010). Consequkatlég, al bopictus may

contribute to the pattern of disease at a local level.

Payne County was selected for the study area due to its location. TokStitiwater, the major
urban area within Payne County, was used for urban trapping and agridatidrautside of the
city limits was used for rural trapping. Stillwater is araidérban location because it is located
approximately 100 km from the nearest large urban center, and thus repaesenrtan patch in
a rural matrix. This reduces the chance that other urban areas ofithielstody area might

affect the results of the study.

There are two objectives of this study. The first is to evalbategdationship between landscape
types, specific landscape characteristics and social factoree@ndmber and species of
heartworm positive mosquitoes. Landscape and social factors inchatewersus rural
environment, housing density, tree density, age of neighborhood, socioeconomj@stalalisle
larval habitat, and host density. The second objective is to determicle species of
mosquitoes are infected wih immitisin Payne County and therefore likely to be important
vectors, with a specific focus on the importance of the invalsival bopictus as a vector ob.
immitisin Payne County. The hypothesis for the first objective is that landacapsocial
factors affect mosquito infection ratestfimmitis. | predicted that landscape factors will
correlate with the infection rate in mosquitoes and there wiliffierences in the two landscape
types, urban and rural. The hypothesis for the second objectivé difteeent mosquito species
are important now compared to 30 years ago (Afolabi et al. 1989). | predidtsthteathe
species composition may have changed alternate species will be morammpectors.
Specifically, | predicted thake. ablopictus will be one of the most important vectors of

heartworm in Payne County.

Materialsand Methods
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Mosquito Sampling

| collected mosquitoes between May, 2010 and November, 2010 in Payne County. Sixteen urban
locations, eight cedar rural, and eight hardwood forest rural sites within Eayngy were
selected to trap mosquitoes (Figure 4.1 and 4.2). Selection of a trappiwgsibased on: the
ability of researchers to reach the site; seclusion, so thagghewill not be stolen; and presence
of adequate shade so the temperature is cool enough for mosquitoesadhditizsting box
traps. | was not able to randomly select sampling sites due to theagussif mosquito biology.
However, the large number of sites in each landscape type (urban and reiabdiured the
variation in the landscape. Sites were located at least 300rimwalpiah reduces that chance that
mosquitoes will fly between sites, being farther than the mean dispistsalog for a number of
mosquito species (Reisen et al. 1991, Marcel De Freitas et al. 2007ofédreonsidered each
site as independent of one another. At each site, three resting bozgdaged within 10 m of
one another. Resting traps consist of a dark-colored 30 gallon plastic bak yghsade down

with gaps cut in the bottom of the box. The gaps allow mosquitoes to enter tseabaeefuge
during the day. | visited each site weekly with a backpack aspirator dectedifrom each
resting trap from May to November, 2010. In addition, natural refugia aroundienaiee
aspirated for 10 minutes after each resting trap had been collectseld desting traps and area
aspiration because they are a less biased trapping method than host@egtaugl traps, and
capture a greater diversity of mosquito species (Service, 1993) andfrtiesimosquitoes that
land in resting traps have taken a blood meal (Kweka and Mahande 2009). Trappdtetl
mosquitoes is advantageous because the microfilariae are ingbstedhe vector feeds on an
infected host. Due to low numbers of mosquitoes collected via the resting fygindgranethod,
carbon dioxide traps and BG Sentinel traps were set at the same locaaddsvblume to the
mosquito samples. At the urban sites, carbon dioxide traps were run montBl§ aectinel

traps were set twice during the trial period. Carbon dioxide and BG ddrapgwere chosen
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because they attract mosquitoes which allowed me to supplement low nuoileeted through

the resting box method.

Collected mosquitoes were brought back to the laboratory, where they weifeed @sing

Darsie and Ward (2005). Mosquitoes were placed by species in individwatemtrifuge tubes.
The mosquitoes were speciated and separated into pools of no more than 20 hagpgihgn t
location. All trapping methods, resting box, carbon dioxide, and BG sentinel trapsavebined
to create pools. Due to low numbers of some species of mosquitoes it washiegossiaintain
temporal data for all pool€ulex restuans andCx quinquefasciatus, andPs. ferox, Ps.

longipalpus, andPs. horrida were pooled together due to the level of difficulty of differentiating

among these species.

Detection of Dirofilariaimmitisin Mosquitoes

The mosquitoes were tested for the presen& ofimits with real-time polymerase chain
reaction (rt-PCR). The heads of the mosquitoes were tested becauseatheniast be found in
the head to be certain of the mosquito’s vector competence. Pools of no md@e thasquitoes
of the same species, from the same location were tested in one reactionwas#tracted
using Qiagen QIAMP mini kits as per the manufacturer instructioreyéi Hilden, Germany).
Blood from aDirofilaria immitis infected dog was used as a positive control for unknown

samples.

Primers were developed using genetic sequences provided by Genbankedsareselected
included cytochrome B, CN-49 16S, NADH dehydrogenase subunit 1, cytochrome C oxidase
subunit, andCulex pipiens quinquefasciatus actin as a control. The primers were tested using
Primer 3 (v 0.4.0) technology for accurate melting temperature 55-65° C and GG d@69%.
Using IDT integrated DNA oligoanalyze 3.1, the primers were analyzextfiedimers, hairpins,

and hetero-dimers. To determine the best primer set, two cytochrome B getsyd@ivo NADH
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dehydrogenase subunit 1 primer sets, and one actin primer set were indivaddalll to

mosquito DNA combined with known heartworm positive canine blood DNA as well as
uninfected mosquito DNA. The polymerase chain reaction contained dH20 17.0 ul, 10x Taq
buffer 2.5 ul, MgClI2 2.5 ul, 20 mM dNTP 0.5 pl, 10 mM forward primer 0.5 pl, 20mM reverse
primer 0.5 pl, Taq polymerase 0.5 pl, and template DNA 1.0 pl. The PCR protec@b™g@

ten minutes, repeating 30 cycles of 94° C one minute, 50° C one minute, 72° C for one minute,
and 72° C for ten minutes at the end. The gel electrophoresis protoct) wa®NA and 2 pl
loading dye at 50 V for approximately 40 minutes. Based on the results ofelivisimary work,

the selected primers for detection included a cytochrome B sequervearor
GGCTATTGGTTGAAGGATGG, reverse TGTCAGGAACAGAACGCAAA). Mgsito actin
primers were also developed to be used as controls in the reactionsdforwa

CAAGATTCAGCTGCCGTACA, reverse CAAACTCGCCAACATCTCCT).

The mosquito DNA was extracted using Qiagen minicamp DNA kits. The sanvgle
prepared using the tissue protocols according to the manufactastrigctions. Following
extraction, the DNA was prepared for RT-PCR using 12.5 pl SYBR green, MgCI2 2(mM
DNTP, 0.5 pl 10 mM forward primer, 0.5 pl 10 mM reverse primer, 0.5 pl, templafelDNul,
and dH20 7.5 ul. The program for DNA amplification was 50° C two minutes, 95° C 15

minutes, and 40 cycles of 95° C for 15 seconds and 50° C for one minute.

| did not attempt to quantify the number of L3 larvae in each pool. |tested only for
presence/absence of the pathogen. Each plate had positive controls ofodiNZafine blood
infected with heartworm combined with mosquito DNA. For my negative controls, | used
uninfected canine blood DNA, known uninfected mosquito DNA, and water. Samples were

determined to be positive if the critical threshold value was reldobfere 35 cycles.

Quantification of Landscape and Social Factors
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To understand, quantify, and qualify variation between sites, a number ofdpadsa social

factors were identified as potential influences on the number of mosgubllected in an area
and the likelihood of finding dog heartworm positive mosquitoes. Surrounding eaghitnos
trapping site in Payne County, a nine block or equivalent area, (~8p@asmwalked and each

of the landscape factors were counted and assessed

| collected data on the number of residential buildings, number of treagtegthan 3 m tall, and
junk. Each home, other buildings, and trees were counted. The junk index ragicgeated on
a scale from 0-5, with 0 being no trash and 5 being total contamination of yard 4TBbl The
junk items did not have to be trash, but any potential item holding stagnarty evater that
might serve as a mosquito larval habitat, or provide refuge for adult maess)(gtg., water

bowls, swimming pools, tires).

While walking around the neighborhood, the number of outdoor dogs and indoor dogs were
counted separately. Additionally, homes that had evidence of dogs sucleabavds, dog
houses, etc., were also recorded. The breed of dogs observed wasoréquodsible. If it was
impossible to determine from observation, an estimated size and mixed lasestarded.

Assessment of number of wild canids was not possible.

Socioeconomic variables were determined using public records. The pnegded (used as a
proxy for socioeconomic status)and age of the neighborhood were found by looking at the
average property value and age of the ten closest homes to the trigm lioctte neighborhood

available on www.zillow.com (January 4, 2011).

Landscape factors were assessed once per summer between 6:00 and 8:00 Rivhigintsee
This time and day range was selected because it coincides with whes weoptypically at
home and had their dogs outside. This allowed for the most accurate count iof @ogs

neighborhood. Also, many mosquito species feed in a crepuscular time frams tisoetlslso
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accurately predicted the number of dogs that are likely to be bittemeFatare and humidity
were assessed using iButtons© (Maxim Corporation, Houston, TX) tlurceg the summer. For
each measurement date, the iButtons© were left at the site for ekeane average temperature

and humidity during that time was recorded.

Statistical analysis

To evaluate differences between urban and rural settings, | uséslarsiddMann Whitney non-
parametric rank tests. Spearman correlations were used to examiatioms between
infection rate by site and each landscape and social factor. The Cemease Control
developed a program to determine the maximum likelihood of infection éssimBinfection
rates for disease detection in pools of mosquitoes. | pooled mosquitoes based omsgesiies
Pools were made up of at least one and no more than 20 mosquitoes. This tessgenerate
maximum likelihood of infection based on pool size and number of pools tested arteprovi
95% confidence intervals. When these intervals do not overlap then Wwe canfident

(P<0.05) that the infection rates are significantly different {Rigtaff 2009).

Results

Mosquito trapping

Mosquitoes were collected in all trapping sites throughout the summaenificgigtly more
mosquitoes were collected in urban resting boxes (0.651 + 0.342) than rungl bests (0.006

+ 0.006; Mann Whitney test, 14 1¢= 221.5,p = 0.286) ) throughout the entire trapping season,
May-November, 2010 (Figure 4.3). Three carbon dioxide trapping dates the efckiy 13,
August 17, and August 24, 2010, coincided between urban and rural sites. There were no
differences in number of mosquitoes captured by &ps between the two landscape types on
any of the dates (rural 18.43 + 2.67, urban 50.81 * 24.33Mann Whitneyggt £)249,p =

0.5842; rural 5.69 + 1.56, urban 14.69 + 4.38 Mann Whitney testel+ 218.5p=0.0887; and
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rural 15.57 + 4.18, urban 7.77 + 1.94 Mann Whitney 14,= 202,p = 0.5079 )(Figure 4.4).
There was tremendous variation between replicates within urbanrahthndscapes which
accounts for the lack of difference between the two landscape Agales.albopictus were

collected in high numbers, 819 individuals, from all trapping methods in urbaolecat

I nfection with D. immitis

Heartworm positive mosquitoes were collected in nine of the sixteahlouations and six of the
sixteen urban locations. The maximum likelihood of infection fosgadicies in urban sites was
2.59% (95% CI 1.9-3.44%) (Table 4.2) (Figure 4 .Agdes albopictusin urban locations had a
maximum likelihood of infection of 1.69% (95% CI 0.95-2.81) (Figure 4.5). In tacatkions,
the maximum likelihood of infection for all species was 0.97% (95% CI 0.64-1.Aflough
collected in lower numbers, 191 individuals, in rural locatidesalbopictus did have a
maximum likelihood of infection of 1.56%, indicating that they aa@gmitting the disease in
both landscape types (Table 4.8sorophora columbiae were collected equally in rural, 208
individuals, and urban, 206 individuals locations. In the rural landscape, tiraumaiikelihood
of infection forPs. columbiae was 1.48% (95% CI 0.41-3.97%) and in urban locations 1.88%
(95% CI 0.67-4.32%) (Table 4.4). While some other species of mosquitoes haveaRigium
likelihood of infection rates, the number of individuals collected and the nushpeols tested
are too low to make any valid conclusions about their importance in thtevba transmission
cycle in Payne County. There were no significant correlations betweealgmce of heartworm
in the mosquitoes and any of the landscape factors collected. Although énensonsignificant
differences by site, there were differences in landscape and sctiatfay the landscape types
urban and rural. Significantly more domestic dogs and houses were observed iuratloimgs
than rural sites (rural 0.4375 dogs + 0.1819, urban 7.4375 dogs *[{<14@001, t-test t= -
6.04) (rural 1.3125 houses + 0.723, urban 46.25 houses + 0810001, t-test t=-7.52)

(Figure 4.6 and 4.7). The urban landscape had a trend towards a highadgxthan the rural
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landscape (rural 0.0807 junk index rating + 0.063, urban 0.223 junk index rating + 0.0514
p=0.0953t-test t= -1.72) (Figure 4.8). The houses in the urban landscapggméreantly older
than those in the rural sites (rural 32.4 years old + 4.957, urban 50.1 years old p=0.88@6,
t-test t=-2.11) (Figure 4.9). The temperature in July was signifiy warmer in urban locations,
but significantly cooler in September (rural 25.1° C + 0.123, urban 25.7° C p=16007 3t-test
t=-2.90) (rural 25.3° C £ 0.124, urban 24.5° C + 0.488005t-test t= 3.92) (Figure 4.10 and
4.11). The humidity in urban locations in September was significantly highertte rural sites
(rural 80.8 %RH % 0.675, urban 89.9 %RH + 1.1340001t-test -6.93) (Figure 4.12). There
were no significant differences in the average number of treesigaveost of homes, or the

humidity in July, 2010.

Discussion

In this study the objectives included determining which mosquito vectorgsiveeneost
important in transmission &. immitis, with specific reference tae. albopictus, and what
landscape factors were important in the presence or absence wioneeirifected mosquitoes. |
found several species were likely important vectors of dog hesmtimoOklahoma, and that the
invasiveAe. albopictus was both abundant and a likely vector in urban areas. Although
landscape factors did not correlate with infected mosquitoes awtiefeeach site, there were
marked differences in the measured factors and infected mosquitoegbeitlsan and rural

sites.

Throughout my study, | collected seven genera and 25 species of mosquitdesseS
species, 15 were found to be infected vilithimmitis. Aedes albopictus andPs. columbiae
appear to be the most important vectors of heartworm based upon their abunddiedilaood
of being infected in urban and rural locations, respectively. Other spéaesguitoes had high

maximum likelihood of infection rates, but the number of individuallectdd and the number of
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pools tested were too low to make valid conclusions about their imperitathe heartworm

transmission cycle in Payne County.

The fact thaide. albopictusis an important vector of heartworm disease in urban areas fits with
studies throughout the native and invasive range of the species. Throitghative home

range, including Singapore, Japan, China, and South Kéeea popictusis known to be an
important vector oD. immitislarvae (Chellappah and Chellappah 1968, Konishi 1989, Lai et al.
2000, Lee et al. 2007). Although found to have lower infection rate<hajuinquefasciatus in

Taiwan,Ae. albopictusis an important vector on this island nation (Lai et al. 2001).

In its introduced rangAe. albopictus alsoappears to be an important vector. The spre& of
immitisin Italy from northern regions into southern areas has been linked tosétséoim ofAe
albopictus (Otranto et al. 2009). Although not directly linked to the spread of dog heartworm,
Ae. albopictusin the United States has been suggested to be a vector (Appersonl&an,

Nayar et al. in 1999). More current research in Georgia, USA, shixatdé. albopictus was
found to have the highest infection rate, 2.3%, of the species cdltacteighout the study area

(Licitra et al. 2010).

While important vectors were incriminated in my study, there were melatons between any
of the landscape or social factors that | collected and infectiobyagtige. However, there were
differences between urban and rural landscapes. Urban sites had sitipificsher rates of
infection, number of dogs and houses, average temperature in July and avetiagehtetadity
in September. There were more mosquitoes collected in urban restingabdx@srend towards
higher average junk index rating in urban locations. The rural sitesdraficsintly higher

average temperature in September.

| observed little difference in overall mosquito abundance in urban verslisireas, although

there were differences in species composition. As previously mentisaediibopi ctus was
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much more abundant in urban areas, where it was an important vebtanwfitis. Aedes
albopictusis often found in artificial containers in the peridomestic envirarin{elawley, 1988),
and urban areas did have a marginally higher junk index, and, perhaps more inypontaml

more houses.

Because the temperatures were higher in each landscape type dependingeipbgdar, it is
difficult to make a conclusion about the importance of temperature on anfecthe higher
humidity in the urban areas could be a result of the high temperatures aondditions in late
summer and result from people watering their gardens and lawns. Creeing/and creating
pools of water in the grass creates an ideal breeding sis.fcolumbiae which was the other
species found to be an important vector of heartworm in both urban and rurabjeesls

Watering may also fill container habitats favoredAeyal bopictus.

Significant differences were seen between the infection ratdamwand rural landscapes.
Mosquitoes in urban locations were more likely to be infected with heamtthan those in rural
locations. This could be due a variety of differences between urbaorahdneas, including the
number of available hosts, abundance of vectors, availability of laabétat for vectors, and
other biotic or abiotic conditions. While no attempt was made to quantify the nofrddeernate
hosts in either landscape type, there were significantly more dordegs observed in urban
than rural sites. This high number of potential definitive hosts mayilmatet to the higher
prevalence of infected mosquitoes. This is intuitive because as thenafhosts increases, the
opportunity for disease infection increases. The increase in diseadmn areas is not unique to
heartworm. Researchers studying other mosquito-borne diseases foutx tuatquefasciatus

in mixed agricultural and residential areas and in areas with higls lef/forest fragmentation
had higher rates of avian malaria (Reiter and La Pointe 2007). Birds sted menational parks
near these types of landscapes were at a high risk of infection dheermbility of both the

vector and the host. Researchers in Georgia, USA found a correlation beasesof West
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Nile virus and the urban rural gradient. As the area become more uthdah&éirds were more

likely to be infected (Bradley et al. 2008)

Becausee. albopictusis an important vector of heartworm in urban areas of Oklahoma, control
of this vector may be important in reducing transmission to definitives h&etles albopictus are
container breeding mosquitoes, so reducing the number of potential larval Gedatateduces

the ability of the species to oviposit and develop near dogs. Any ttadbsathat are present in

a yard should be disposed of properly. Old tires, if not disposed, should be keptaveder

Bird baths, kiddie pools, and other desirable lawn items should be kept Gleanvater should

be changed on a regular basis to prevent mosquito larvae from developing. By reducing the
containers that are important larval habitat4eralbopictus, the population may be reduced and
potentially less heartworm will be transmitted by this specieshéRrds et al. 2008). Community-
based efforts have been effective at controliedes aegypti in dengue, a pathogen-vector

system with a similar ecology to dog heartworm, in endemic atedanger, et al. 2008).

Although there was a relationship between landscape type and infectidmatdind any
significant correlations between individual sites infection ratdsaay of the landscape and
social factors collected. Future work should be conducted to look sathe factors on a
different spatial scale. Perhaps | looked at too large of any arealdhasumapping site and that

infected mosquitoes are not influenced by factors at that large dfa sca

Additionally, it is possible that some of the information collectechtrtig incomplete because it
was observational. Although attempts were made to provide accurate cofimits/elbost

counts may have been inaccurate because some owners keep their dogs insideedeatnahers
could survey residents in the trapping area to determine detaitethation including number of

dogs, breed of dogs, whether or not they are given preventative treatmetrfaoh®, and how
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long and during what hours dogs are kept outside. This information could praedecteers

with more knowledge about the study area than observation alone.

There were problems associated with the study that may have influeffeeghdes between
landscape types. Significantly more mosquitoes were collected from ediangboxes than
rural resting boxes. Because resting boxes are ideal for collecting blood$gditoes, there
may have been a bias in collecting more urban blood fed mosquitoes than rural blood fed
mosquitoes (Kweka and Mahande 2009). In the future, researchers should domgileg

more frequently with carbon dioxide traps to increase the number of ind/igsted.

The mosquito information is important on a local level because no resesdeen done on
heartworm vectors for thirty years in Oklahoma. During that timespbeies composition has
changed (Moore et al. 1999) are. albopictus have become important vectors. This study was
important on a larger scale because the invasiée.afl bopictusis not unique to Oklahoma.

The species has spread throughout the Southern United States, South Amerjpe, dhd parts

of Africa. The study is also relevant to other parts of the world beea$eund a relationship
between urban areas and higher infection rates in mosquitoes. Other siudissdn an
increased prevalence of heartworm in urban versus rural wild canidsy kactor studies had

previously been conducted to corroborate these data (Marks and Bloomé8ldGkhrt 2007).
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Table 4.1. Junk index rating determinatiquak index rating used to rank sites by the amount of
anthropogenic created oviposition sites.

Index rating Description

0 No visible trash in yard or outside home

1 Less than three pieces of potential larval habitat

2 Between four to seven pieces of potential larval
habitat

3 Between eight to twelve pieces of potential

larval habitat

4 Between thirteen to seventeen pieces of
potential larval habitat

5 Over eighteen pieces of potential larval habitat
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Table 4.2. The number of individuals, pools, pesifpools, and infection rate with. immitis for mosquitoes collected in urban and rural sites

#indi  #pools # pos pools Lower Upper #indi  #pools #pospools Lower Upper

Species rural rural rural limit limit MIR urban urban urban limit limit MIR

Ae al 191 27 3 0.42 411 1.56 819 90 13 0.95 281 691
Ae ep 5 5 0 0 0 0 0 0 0 0 0 0
Ae tr 26 8 1 0.23 14.78 3.31 13 8 2 3.03 38.09 444
Ae ve 572 37 3 0.04 0.39 0.15 30 10 1 0.2 1534 233
An pu 11 10 1 0.53 36.34 9.09 0 0 0 0 0 0
An qu 28 13 1 0.21 15.64 3.47 14 9 2 2.86 4451 715.
Cq pe 28 5 0 0 0 0 3 3 0 0 0 0
Csin 35 13 0 0 0 0 0 0 0 0 0 0
Cx co 0 0 0 0 0 0 4 3 0 0 0 0
Cxer 657 39 2 0.06 1.01 0.31 75 13 2 0.08 6.03 81.2
Cx pe 7 3 0 0 0 0 0 0 0 0 0 0

Cx
qu/re 132 20 2 0.28 4.67 1.47 46 12 2 0.87 122 740
Cx sa 8 2 0 0 0 0 15 6 1 0.4 26.32 6.32
Cxta 507 31 2 0.07 1.34 0.41 1 1 0 0 0 0
Oc at 5 2 1 1.42 82.05 22.05 2 1 0 0 0 0
Oc tr 25 9 1 0.24 17.19 3.85 1 1 0 0 0 0
Psci 15 7 0 0 0 0 18 6 1 0.34 19.65 451
Ps co 208 20 3 0.41 3.97 1.48 206 20 4 0.67 4.32 88 1.
Ps cy 95 13 0 0 0 0 61 10 2 0.64 9.73 3.13
Ps di 11 3 0 0 0 0 21 6 0 0 0 0
Ps

fe/hollo 119 21 2 0.31 5.09 1.62 26 17 3 3.2 27.041.32
Ps si 2 2 0 0 0 0 0 0 0 0 0 0
Total 2618 298 25 0.64 1.4 .97 1748 227 33 1.9 3.442.59

Species key: Ae alAe albopictus, Ae.ep-Aedes epactius, Ae. tr- Aedes trivatattus, Ae. ve-Aedes vexans, An. pu-
Anopheles puntipennis, An. qu-Anopheles quadrimaculatus, Cq. pe-Coquillettidia perturbans, Cs. in-Culiseta
inornata, Cx. pe-Culex perturbans, Cx. qu/re-Culex quinquefasciatug/restuans, Cx. sa-Culex salinarius, Cx. ta-Culex
tarsalis, Oc. at-Ochleratatus atlanticus, Ps. ci-Psorophora ciliata, Ps. co-Psorophora columbiae, Ps. cy-Psorophora
cyanescens, Ps. di-Psorphora discolor, Ps. fe/ho/loPsorophora ferox/horrid/longipal pus, Ps. si-Psorophora
signipinnis
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Table 4.3Total number of mosquitoes collected at each of the rural trapping sites and the
maximum likelihood of infection at each site and overall for all rural sites.

Site # individuals # pools rural # pos pools rural Infection rate
rural

1 229 26 0 0

2 269 24 0 0

3 230 19 2 0.88
4 69 16 0 0

5 187 29 0 0

6 99 23 3 0.53
7 110 16 2 1.73
8 263 26 1 0.43
9 317 27 5 1.29
10 210 17 6 2.08
11 93 11 3 1.88
12 80 14 2 2.43
13 103 13 1 1.01
14 109 14 0 0

15 66 12 0 0

16 184 19 0 0
Total 2618 298 25 0.97
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Table 4.4Total number of mosquitoes collected at each of the urban trapping sites and the
maximum likelihood of infection at each site and overall for all uditas.

Site # individuals # pools urban # pos pools Infection rate
urban urban

17 31 11 6 16.59

18 439 13 1 0.79

19 71 11 9 22.45

20 226 27 9 5.08

21 30 12 0 0

22 57 14 5 9.3

23 196 25 0 0

24 18 8 0 0

25 30 7 0 0

26 137 14 0 0

27 60 10 0 0

28 160 21 0 0

29 32 9 0 0

30 27 9 3 17.02

31 61 13 0 0

32 173 23 0 0

Total 1748 227 33 2.59
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Figure4.1 Blue flags represent rural sites (1-16) and yellow pusHpir2) represent urban
sites. There are eight rural sites east of Stillwater and rigiitsites west of Stillwater. Each
site’s resting boxes were sampled weekly. Carbon dioxide traps werthressstimes during the
season. Map taken from Google Earth, March 15 2011 (Google Inc., Menlo Park, CA).
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Figure 4.2. Close-up view of urban sites located throughout Stillw&iteeen urban sites were
located throughout Stillwater. Map taken from Google Earth, March 15 2013lgSoc., Menlo
Park, CA).
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Figure 4.3 The average number of mosquitoes collected per trap day imladimdiurban
locations. Significantly more mosquitoes were collected in urbamgestixes than rural resting
boxes. (Mann Whitney test:4d16= 221.5P = 0.0286). Error bars are +/- 1 SEM.
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Figure 4.4. Average number of mosquitoes collected in carbon dioxide trapsetrép dates,
July 13, August 17, and August 24, 2010. There were no significant differences hased o
landscape type for any trap dates (July 13: Mann Whitney tesk)3 249P= 0.5842, August

17: Uye,16)= 218.5P= 0.0887, August 24: Lk 16=202P= 0.5079). Error bars are +/- 1 SEM.
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Figure 4.5. Maximum likelihood of infection by landscape type. Signifigambre mosquitoes
were infected with dog heartworm in the urban than rural landscape. UrdmiMR 2.59%
(95% CI 1.9-3.44%) Rural sites MIR 0.97% (95% CI 0.64-1.4%). Error bars are 95% CI.
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Figure 4.6 Average number of dogs counted in the urban and rural landscapesa8ttnifiore
dogs were observed in urban than rural landscapes t-test t=P8.040001). Error bars are +/-
1 SEM.
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Figure 4.7 Average number of houses counted in urban and rural landscapesgcaS8iynihore
houses were observed in urban than rural landscapes t-test t=RZ(®RJ01). Error bars are
+/- 1 SEM.

65



0.3 1

0.25 A

0.15 -

0.1 A

Average junk index per site

0.05 A

Rural Urban

Landscape type

Figure 4.8. Average junk index rating in urban and rural landscapes. The urbaapantusd a
trend towards higher rating than the rural sites (t-test, t=,-P5@.0953). Error bars are +/- 1
SEM.
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Figure 4.9 Average age of home in urban and rural landscapes. The urban eoenes w
significantly older than the rural homes (t-test, t= -2.P£,0.0486). Error bars are +/- 1 SEM.

67



26 A
25.8 A
25.6 -
254 -
25.2 ~

25 A
24.8 -

Average temperature °C by site

24.6 -

24.4 A

Rural Urban

Landscape type

Figure 4.10. Average temperature in July, 2010 in urban and rural locations. b@heauerage
temperature was significantly warmer than the rural averageet@ture( t-test, t= -2.90
(P=0.0073). Error bars are +/- 1 SEM.
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Figure 4.11. Average temperature in September, 2010 in urban and rural locationstalThe r
temperature was significantly warmer than the urban average taomeeft-test, t= 3.92
(P=0.0005). Error bars are +/- 1 SEM.
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Figure 4.12 Average humidity in urban and rural locations in September, 2010wty in
urban locations was significantly higher than in rural locations (tites6.93 P<0.0001). Error
bars are +/- 1 SEM.
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CHAPTER V

SUMMARY AND CONCLUSIONS

Dog heartworm was found in both the vector and the host in Oklahoma. Heartwarnotioe
appear to be a significant disease in rural coyotes in Oklahoma and nath We found a
6.49% prevalence rate. This low prevalence of heartworm infectionisal areas is consistent
with the lower prevalence of heartworm in rural mosquitoes. In urban aresguitoes had a
2.59% maximum likelihood of infection which was significantly higher than the 0.97%itmaem

likelihood of infection that was found in rural areas of Payne County.

There is a large range of prevalence rates reported in theuliter@n the Pacific Coast in
Washington and some areas of California, no heartworm was detected (Foreytak008&t%l
2004). However, along the Gulf Coast in Louisiana and Texas, a 71% prevalensas found
(Custer and Pence 1981). The Oklahoma coyotes fit in at the lower end péctrem perhaps
due to concentration of suitable hostsBoimmitis, vector species compaosition, suitability of

rural cattle ranches for vectors to inhabit, or variation in the lapésc

The mosquito data collected in Payne County revealed that there is aliigiifeyod of
heartworm infected mosquitoes in urban areas than rural akedes albopictus andPsorophora
columbiae appear to be the important vectors of heartworm in urban apPsaophora

columbiaeis also an important vector in rural areas of Payne County. As with the clayate
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This could be attributed to the landscape data, number of suitable hosts, vasies spe
composition and vector biology. In urban locations there are more anthropogeegqidiec
garbage that can be utilized by container breeding mosquitoes stehad®pictus. There are
also more dogs in urban areas and if untreated with prophylactic anthelmesifhiosrease the
number of suitable hosts f@r. immitis. More Ae. albopictus, which is an important vector
species, were trapped in urban areas indicating that the speciestioiecis urban landscape

type than a rural landscape type in Payne County, Oklahoma.

The implication for this study are that dogs living in Payne County, edlyaaiban areas of
Payne County are at risk for heartworm infection. They should be givemtatve treatment

regularly to reduce the chance for infection with this deadly disease.

Due to the low prevalence rate of heartworm infections in rural Oklahoyaaes, future studies
should look at the prevalence of heartworm in coyotes living in Tulsalah@ka City. Based
on studies conducted in lllinois, coyotes from rural areas of the stateh@® prevalence rate,
while those in Chicago had a 41% prevalence rate (Nelson et al. 2003, Gehrt heputidits).
Researchers in Oklahoma could also do a concentrated study about the mfattisfiound in
domestic dogs and cats brought to animal shelters. Payne County is not aitiighlyed area,
S0 a mosquito study in a larger urban center could also be conducted to detettmine if

prevalence of heartworm in mosquitoes continues to increase asetiod thie city increases.
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