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ABSTRACT

Intraspecific Gene Flow and Vector Competence ani@ngplaneta americana
Cockroaches (Blattodea: Blattidae) in Central Tex&agust 2008)
Jennifer Lynne Pechal, B.S., Sam Houston Stateddsity

Co-Chairs of Advisory Committee: Dr. Roger E. Gold
Dr. Jeffery K. Tomberlin

One of the most overlooked areas in forensic entogyds urban, which applies
to insects and their arthropod relatives that hateractions with humans, their
associated structures, and companion animals. Aaredockroache®eriplaneta
americana (L.), are common pests of urban environments. yaiag spatial distribution
of P. americana populations in an artificial, outdoor environmenbyided insight of
gene flow among populations collected in centradaBe This information provides for a
better understanding of how and if populations vemgregated, or if there was a single
unified population. Populations can be geneticdifierentiated through determining
variation of specific gene regions within populasoThis study revealed a ubiquitous
distribution of cockroach populations, and theiitipbto indiscriminately inhabit areas
within an urban environment. Overall, cockroachesendentified from a large
interbreeding population with no discernable relaship between genetic variationrof
americana and spatial distribution.

Identifying cockroach populations is relative taderstanding the ability of

surrogate species indirectly affecting man by theitity to transfer disease-causing



organisms including bacteria. This may have poddigtdeleterious health consequences
on animal and/or human populations. There are akpathogens associated with
cockroaches which are overlooked during diagndsssidden ailments with symptoms
being similar to food-borne illnesses, includinglaiminal cramping, diarrhea, nausea,
and fever. Analyzing spatial distributionskdcherichia coli andCampylobacter spp. in
relationship to collected cockroaches allowed f@vplence of bacteria species to be
identified among populations. The prevalence otdré isolated from total populations
collected indicated a high prevalence (92.3%) atdr@a carried by the exoskeleton of
P. americana. Gram-negative bacteria acquisition and dissenainatf organisms such
asE. coli was prevalent on campus. Screeningdoroli 1057:H7 andCampylobacter
spp. resulted in no positive colony growth. The&klatCampylobacter spp. growth from
cuticular surfaces may have resulted from undelgiradnditions required to sustain
colony growth. Data from this study corroborates plotential ability of cockroaches to

mechanically transmit pathogens.
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CHAPTER |

INTRODUCTION AND LITERATURE REVIEW

Forensic entomology is the study of insects andradinthropods as they pertain
to legal proceedings. First documented iff €8ntury China, insects were used to
identify a murderer whom committed a crime neaca field. Ecological succession
studies of forensically important species (i.e.tBip: Calliphoridae) have been
conducted since the mid "I @entury (Benecke 2001). Species specific biolegplogy,
and development data are vital pieces of infornrmatised throughout litigations.

Forensic entomology can be categorized into threasa medical-legal, stored
products, and urban (Smith 1986). One of the mestiooked areas in forensic
entomology is urban, which applies to insects &ed tarthropod relatives that have
interactions with humans, their associated strestusaind companion animals. Formosan
termites Coptotermes formosanus Shiraki) (Isoptera: Rhinotermitidae) have been
estimated to cost the Southern United States $tridifear (Pimentel et al. 2005). Red
imported fire antsSolenopsisinvicta Buren) (Hymenoptera: Formicidae) have an
estimated $300 million/year in damage with an addél $200 million/year allocated

for control in Texas (Pimentel et al. 2005). Insdocbm Blattodea, Hymenoptera,

This thesis follows the format of the Journal obBomic Entomology.



Coleoptera, and Isoptera are economically impoitantban environments.

Damage caused by urban pests is difficult to adsesause of additional costs
incurred that are not included with pest contreatment estimates. Controlling
economically damaging urban pests is a multi-mlldwllar industry. One of the more
important urban insects is the cockroach (OrdeattBtiea) which resides both in and

around homes.

Cockroach Biology

Approximately 4,000 cockroach species have beecrithes world-wide
(Yilmaz et al. 2004, Triplehorn et al. 2005). Cazkehes, as do termites (Order:
Isoptera) date back 350-400 million years (Grimalail Engel 2005). The fossil record
places these two groups back to approximatelydheesera (Thorne et al. 2000).
Molecular work by Grandcolas and D’Haese (2001¢aeined that the order Isoptera
may be a sister group to the order Blattodea. Idweaal. (2007) supported the previous
study and have proposed termites as a clade wviltkiprimitive cockroach family,
Cryptocercidae; thus, identifyin@ryptocercus as a sister group to termites. The
relatedness of these two groups could allow gemgfticmation known about termites to
be applied to the study of molecular variation efladoaches.

Cockroach habitats are typically tropical; howevkey can survive in
subtropical and cooler zones so long as they remdoors or are closely associated
with humans. Cockroaches are gregarious insedsdinareside in large numbers in

small spaces within urban environments. Cockroabhge a paurometabolous



metamorphosis consisting of three stages, whictha&egg, nymph, and adult. Food is
essential for survival. An immature cockroach carvise approximately 10 d without
food, while adults have been documented to lasogix weeks (Baumholtz et al.

1997). Moisture is also instrumental in the longyeweif cockroaches, regardless of
developmental stage. Adult cockroaches, dependirgpecies, will die in one to four
weeks without water. In contrast, they can livéeast a year when adequate moisture is
present (Baumholtz et al. 1997).

Cockroaches have omnivorous feeding behaviors enshdiscriminate towards
sources of potential nutrients. They have beenddarfeed on feces, blood, and other
fluids excreted by humans, prior to contacting harfed thus raising concerns of
deleterious health consequences for humans (Led&uyd al. 1989). Cockroaches have
been found to feed directly on human tissue asmeoted with incidences involving
neglected and abused children (Denic et al. 1997).

Determining areas with high cockroach densitieaéslically important because
of resulting health problems. Human hypersensi@sito cuticular artifacts and bites
from cockroaches are associated with high infestatates, as well as being
instrumental in the vectoring of disease-causirthggens (Brenner 2002). Asthma costs
Americans approximately $12.7 billion annually (é@nd Schal 2007). Cockroach
allergies related to skin and lung irritations preblems in low-income housing areas
(Baumholtz 1997, Rauh et al. 2002). Allergens poediuby cockroaches may lead to

broad class allergies to crabs, dust-mites, lobstard shrimp (Brenner 2002). Also, in



homes with cockroach infestations, allergens arouifty times greater in the kitchen
than in any other area of the house (Yin et al1200

Non-physiological ailments may result from the prese of cockroaches.
Psychological effects, including but not limitedgioobia(s), social stigmas implying a
lack of sanitation, and general anxiety may refsath the presence of cockroaches
(Rivault et al. 1994). Also, these insects arselp associated with animals which may
be infected with medically important pathogeBigttella germanica (Linnaeus)
(Blattodea: Blatteridae) have been found to hagadhogens in swine production
facilities (Lee et al. 2003, Zurek and Schal 2004).

American cockroachePeriplaneta americana (L.) (Blattodea: Blattidae), are
considered pests of urban structures (Benson anddfiul997). These cockroaches are
approximately 3.8 cm long with red-brown wings withht markings on their
pronontum and thorax. The female produces an egg(©®@theca) with 6-14 eggs in
parallel rows. A single female has the potentightoduce between 210-1440 offspring.
Oothecas are generally hidden in crevices in aregghboring their foraging and shelter
locations. Development to complete maturity Foemericana can take over a year with
13 molts. American cockroaches can live betweenamabfour years under favorable
conditions (Benson and Zungoli 199Beriplaneta americana reside in moist climates
and may have population surges after heavy raieag@& and Zungoli 1997).
Temperature plays a role in their activity leveleRous studies indicate cockroaches are
suited for 28C, with a minimum threshold of 10-4% and a maximum threshold of 33—

35°C (Murphy and Heath 1983, Baumholtz et al. 1997).



Population Molecular Analyses

Molecular techniques can be used to identify inspeties. Polymerase chain
reactions (PCR) use a primer to selectively amg@ifgrgeted sequence of DNA, which
can act as a species-specific marker used forifobations. Amplification length and
rate of success are based on quality and quaritibNé extracted. Rates of PCR
amplification dropped by 91% when medium-lengthusggres (300-400 bp) were
amplified, versus short-length sequences (100-20@Rranzten et al. 1998). Genetic
material primed for amplification may undergo damadegradation, or are completely
unable to replicate during PCR due to small tenepldtlA size, oxidative damage,
and/or enzymatic breakdown of the sample (Tabetlat. 1996, Franzten et al. 1998).
Eukaryotic ribosomal RNA (rRNA) is arranged withngs being separated by internal
transcribed spacer (ITS) regions, and non-transdrépacer (NTS) regions. Genes
usually occur in tandem repeating units and hav8 Kgions between repeating
segments of RNA, while ITS regions separate gengsnieach unit. Despite looking at
the lesser of the two variable spacer regions,régfons still can provide an ample
amount of variation to reveal a relatively modetates| of gene flow amongst the given
cockroach population in central Texas (Mukha e2@Q7).

Defining a population depends on several factoch s1$ spatial distribution,
structures from which collections were made, edckigriches occupied by a
population or the general bias of the collectonigy contribute to the definition of a
given “population.” Populations can also be digtised genetically by analyzing

allelic frequencies present in varying populatiddgpothetically, genetic variability



decreases in populations secluded from other popota(Cloarec et al. 1999). In
regards to cockroaches, isolated populations meg Iaited gene fluctuation because
of minimal migration from outside populations cabitited minimally to an isolated,
non-diverse gene pool (Mukha et al. 2007).

Only a few cockroaches are needed to establisivgopulation in a given area.
Mukha et al. (2007) studieBl germanica and identified three cockroach populations
with substantial genetic differentiation, hencelased populations, separated between
15 and 115 km. Conversely, Cloarec et al. (1998)afestrated limited genetic variation
betweerB. germanica populations in two French cities (Rennes and Sgipjoximately
900 km apart by analyzing isoenzymatic genetic @ kPrevious studies are
inconclusive as to whether or not populations aredyover distances are homologous.

Cockroaches can passively and actively dispersewolocales (Jobet et al.
2000). Active movement appears to be confinedrgptrate climate zones when
alternative ideal habitats are within close proxyniCloarec et al. 1999). Schoof and
Siverly (1954) indicated a lack of dispersal am&gmericana populations through the
sewer system in Phoenix, Arizona, USA. The inaptlit disperse may have resulted
from sewer systems providing an ideal habitat tmkecoaches, including ample amounts
of water, food availability, and shelter. It appetrat when the requisites for life are
fulfilled the necessity to actively disperse rediice

Genetic variation among dispersing populations neaylt from various genetic
events. Such factors include genetic drift, fourefécts, natural selection, migration,

and gene flow (Jobet et al. 2000). Founder effactshought to occur more frequently



in cockroach populations because of their abibtgs$tablish new populations with a
limited number of individuals (Cloarec et al. 199Ggne flow may be caused by long
range passive travel, i.e. people moving locatolotation with boxes and other storage
materials infested with cockroaches. Cloarec gt18199) suggested populations within a
defined geographical area (i.e. a city) were mamdiogous than populations compared
between greater distances (i.e. city to city). Hnmsilarity may result from increased
movement of humans within cities compared to the@enwent of humans between cities
and consequently the transfer of cockroaches froenstte to the next (Cloarec et al.
1999). Populations separated by variable distaretaging similar allelic frequencies
indicate a homologous correlation between populatibence, gene flow (Cloareac et

al. 1999).

Vector Competence of Cockroaches

Vectors are organisms that are capable of transgptathogens (Prescott et al.
2005). Arthropods are known to transmit medicaiiyportant pathogens which have
resulted in numerous diseases world-wide (Mullexds@urden 2002). There has been
substantial work on the transmission of pathogenisiiing arthropods (i.e. Diptera:
Culicidae), but the role of non-biting arthropodsimot been as thoroughly investigated
(Healing 1995, Tatfeng et al. 2005). Vector compeg¢eis the capability of an organism
(vector) to infect, replicate, and transfer pathmeg@Bennett et al. 2002). There are

several pathogens associated with cockroaches ahécbverlooked during diagnosis of



sudden ailments with symptoms being similar to tbodne illnesses including
abdominal cramping, diarrhea, nausea, and fever.

Social insect populations can be distinguisheddsyes or spatial distribution. A
structured population can impact the virulence pathogen (Fries and Camazine 2001).
Small population sizes are more likely to carryhpaens with low virulence when
compared to populations with higher numbers ofvidials (Fries and Camazine 2001).
Gregarious behaviors exhibited by cockroaches rtsayfallow the pattern of reduced
virulence due to increased pathogen exposure.

Multiple pathogen transmission routes may occurrappopulations with
infected individuals. Vertical transmission occutsen an infected mother passes on the
pathogen or disease to her progeny (i.e. genertgigaeneration). Horizontal
transmission occurs within a single generation lmcW infected individuals pass
organisms to other members within the same populabn bees (Hymenpotera:
Apidae), horizontal transmission of pathogens Haen found to stem from drift,
contact between various colonies when foraging/arehvironmental contamination
such as water (Fries and Camazine 2001). Horiztratiasmission has the potential to
decrease virulence of transferred pathogens (Rnd€Camazine 2001). Kopanic et al.
(1994) determined cockroaches inoculated with bqasn on their cuticle will transfer
pathogens by walking on surfaces, regurgitatiordedecation. Horizontal transmission
has been proven under laboratory conditions. Cadkres inoculated witBalmonella
transferred bacteria to uninfected cockroachesimedfwithin the same region (Kopanic

et al. 1994). The resulting amount of colony forghumits transferred to uninfected



roaches varied throughout the study (Kopanic e1@94). German cockroaches have

been shown to horizontally transriMetar hizium anisopliae from contaminated to non-
contaminated cockroaches under laboratory conditfQuesada-Moraga et al. 2004).

Vector-borne pathogens appear to be more virukent tirectly-transmitted pathogens
(Fries and Camazine 2001).

Cockroaches are important carriers of pathogensaltreeir unsanitary lifestyle.
Cockroaches breed and forage in sewer systems; @k areas, garbage bins, and
latrine pits (Vythilingam et al. 1997, Mpuchanea&t2006b). They can then enter urban
structures through sewage systems, steam tunnelsnanholes. Specimens collected
near sewer covers had bacteria present on thesrtticating acquisition through
foraging in filth laden locations (Barcay 2004).c&ssibility to human fecal matter
within sewer systems can lead to further distrinuf bacterial species via cockroaches
(Schoof and Siverly 1954). Untidy residential arassprime cockroach habitats
because of the accessibility of food, water, areltesh Urban environments are not the
only areas susceptible to foraging and harboraged{roaches. Confined animal
facilities also provide ideal environmental conafits for populations to establish, thus
creating the potential to spread disease-causmansms (Fischer et al. 2003).

Cockroaches can transmit bacteria, viruses, poatdzingi, and helminthes
resulting in food poisoning and a multitude of etfens (Rivault et al. 1994). Bacteria
accumulation can occur passively through cuticatartact with environmental objects
in addition to oral ingestion of food sources camtay pathogens (Rivault et al. 1994).

Nymphal and adult stages Bf americana lack substantial titers of bacterial pathogens
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under controlled settings (Barcay 2004). Le Guyadexd. (1989) displayed bacterial
fauna similarities between adults and nymphs, thdigating shared foraging and
residential locations. Cockroaches can alternatisptead pathogens as their nymphal
cuticle is ecdysed or as they lose body parts (Mane et al. 2006a).

Cockroaches have the ability to carry and trangatihogens both externally and
internally. There is increased diversity of ba@kfauna in the stomach with declining
fauna in the intestine, and the least amount adrgdity occurring on external surfaces
(Elgderi et al. 2006). Mpuchane et al. (2006a) heiteed B. germanica collected from
kitchens in Botswana had an average bacterialdbéaty o 5.8-7.4 colony forming
units. Fischer et al. (2003) indicated a high cdtpathogen transfer during nocturnal
periods, when the majority of cockroach speciesvawst active.

There is a positive association between the battatina of an environment and
the diversity of bacteria carried by cockroachesdRit et al. 1994). Additionally,
Rivault et al. (1994) determined through mark agxhpture experiments, the ability of
cockroaches to move from floor to floor within arban structure and from location to
location within the same building. Population moegts within a single structure has
unknown contamination rates because the vector etanpe of cockroaches has yet to
be fully determined. Microorganisms can affect hamim different ways depending on
inoculating dose and health of the infected peranay require from one hundred to
thousands of cells for an adverse reaction to og¢dealing 1995).

Healing (1995) described pathogen associationsairoaches studied in

apartment complexes in Rennes, France. He detedrmoraparable bacterial
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composition within each apartment, but with lowdksvof species overlap between
facilities (Healing 1995). The lack of species céemfiies could result from cockroaches
traveling similar routes (i.e. sewers) to differdmtellings, resulting in continued
exposure to microbes already established in vanesisential areas and their cockroach
populations. Also, once sufficient food and wataurses have been established,
cockroaches will not seek alternative locationastreducing bacterial diversity among
populations.

In the Federal Territory of Kuala Lumpur, it wadetenined thaP. americana
had a higher prevalence of bacterial species tHar cockroach species collected
(Vythilingam et al. 1997). The high rate of prevade may be indicative ¢f.
americana cuticle being more conducive to carrying organisArsalternative
explanation might merely be that there were grdatamericana numbers than other
cockroach species, resulting in a greater frequehpathogens.

The decline in incidence of an illness and rema¥alotential arthropod vectors
(i.e. cockroaches) from urban establishments ineécthe capability of microorganism
transmission through arthropods. Urban buildingsroat be completely protected from
cockroaches entering the premises, unless a coensiie pest control program is
implemented and maintained on a regular basis.rGiting populations and preventing
future population surges is important in reducimg potential for vectoring pathogens.
Mechanical exclusion, biological control, sanitatiand chemical controls such as
pheromones, insect growth regulators, and pestiada all be used to control

cockroach populations (Benson and Zungoli 1997it&on is an efficient way to
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eliminate pest populations because it reduces &aldwvater availability, hence forcing
the insects to forage other locations for requirettients.

A pathogen was once assumed to be viable basdte@mntount of viable DNA
present in comparison to the known amount dead BNANn a cell (Jamil et al. 1993).
Keer and Birch (2003) explained that mRNA was vtdatvith a relatively short half-
life, and that mRNA is a better molecular comportenise for viability than DNA
based on mRNA having a shorter half-life. Cellsrded viable had considerably less
degraded DNA than cells known to be dead (Janal.et993). Determining a
pathogenic organism’s viability also requires anelyg the membrane integrity and
metabolic activity (Keer and Birch 2003). Using fherameters established by Keer and
Birch (2003) suggested the implementation of sdvedecular techniques to establish
the viability of an organism.

Despite bacteria viability being based upon the@amof RNA present, cell
death can affect the number and state of celldarponents present (Keer and Birch
2003). There is not a single physiological chanastie which acts as good indicator of
bacteria viability, and only after several differexamination techniques can a proper
estimate of viability be established (Lisle etl#199).

Colony growth determined by turbidity and/or coldoymation is indicative of
pathogen viability, given proper nutritional conalits. Pathogens unable to be sustained
on media could be interpreted as negative reddtisiever, non-culturable organisms
can be possible health concerns, despite not loktegted in clinical tests (Keer and

Birch 2003).
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Bacterial Pathogens Associated with Cockroaches

Cockroaches are known to carry pathogens naturally, as seen in Table 1, but are
also known to transmit pathogens such as anthrax, cholera, diphtheria, pneumonia, tetanus,
and tuberculosis (Baumholtz et al. 1997). All of these pathogens can be used as
bioterrorism agents targeting animal or human populations.

Barcay (2004) implied that several disease outbreaks world-wide, such as
dysentery, hepatitis, and gastroenteritis, could be contributed to the spread of pathogens
through the environment by mechanical transmission of cockroaches. A few medically
important pathogens that are carried by P. americam@dude Campylobacterspp.,

Escherichia coli, Salmonella spp., Shigellaspp., Saphylococcus spp., Sreptococcus
spp., and a protozoan pathogen, Toxoplasma goiiBiarcay 2004, Graczyk et al. 2005).

Cockroach cuticle can harbor several gram-negative bacteria in the group
Enterobacteriaceae (Mpuchane et al. 2006b). Mpuchane et al. (2006b) suggested the
lack of gram-positive bacteria present on the cuticle could result from cockroach
secretions that inhibit gram-positive survival. Gram-negative bacteria fauna identified
from cockroach cuticle are similar for cockroaches collected from hospitals and
restaurant-type facilities (Elgderi et al. 2006). Fewer bacterial species and lower rates of
positive prevalence were determined for roaches collected in a residential area (Elgderi
et al. 2006). Fungi and yeasts (Aspergillus spp. and Candidapp.) have been found
on cuticular surfaces of cockroaches collected from intensive care units of a Brazilian

hospital (Lemos et al. 2006).
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Table 1 — Naturally occurring pathogens (bacteriafungi, and parasites) associated

with cockroaches

Pathogen Classification

Species

Bacteria

Fungus

Parasite

Aeromonas spp.
Campylobacter spp.
Clostridium perfingus
Enterobacter spp.
Escherichia cali
Klebsiella spp.
Myobacterium leprae
Pasterurella pestis
Psuedomonas aerugionosa
Salmonella oranienburg
Salmonella bredengy
Salmonella typhosa
Shigella alkalescens
Saphylococcus aureus
Saphylococcus. spp.
Sreptococcus spp.

Aspergillus spp.
Candida spp.
Penicillium spp.
Rhizopus spp.

Cyclopsora cayentenensis (oocysts)
Entomoeba hystolitica (cysts)
Hammerschmidtiella diesingi
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Salmonella has been found on American cockroaches with up-1® d after
initial contact (Schoof and Siverly 1954). Unddrdaatory conditions, the pronotum of
P. americana inoculated withSalmonella enterica, serotype Oranienburg, produced
viable colonies up to 78 d after inoculation (Sdread Siverly 1954)Salmonella
oranienburg is also transferred by American cockroach fecdsitoan food sources.
Detection of the bacteria on food sources canftasteveral years after initial
inoculation (Barcay 2004). Many of these pathogsrsresult in gastroenteritis along
with other internal and external infections throaghthe body, especially in areas with
open wounds or other environments favorable fotdsad growth (Barcay 2004). It is
evident that cockroaches provide a route of traasiom for various pathogens.

Specific disease-causing pathogens commonly assdaiath cockroaches result
in gastro-intestinal related illnessé&scherichia coli andCampylobacter spp.
transmission has been assumed to occur throughamieah transmission by
cockroaches and result in ailments such as diardiEominal cramps, and fever
(Altekruse et al. 1999, Zurek and Schal 2004).

Campylobacter speciesCampylobacter are microphilic, curved, gram-negative,
non-spore forming motile bacteria (Yan et al. 20@&mpylobacter fetus (formerly
Vibrio fetus) is differentiated into three subspeci€sfetus, C. interestinales, andC.
jejuni (Blaser et al. 1979). The last two subspecies baea detected in humans since
1947 with increasing annual frequency, but it wasracognized as a human pathogen
until the early 1970’s (Blaser et al. 1979, ButZ604). Laboratory tests perfected in

1973 differentiated between the three subspecikeséBet al. 1979 Campylobacter
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spp. was not assumed to be a part of normal humeterial fauna because it had only
been found in patients displaying symptoms sudiiashea and fever (Blaser et al.
1979). A small infective dose mak€ampylobacter spp. difficult to isolate as the
etiological agent for symptoms as common as femdrdaarrhea. Campylobacter
enteritis results fronCampylobacter spp. infections and was characterized by diarrhea,
abdominal cramps, malaise, fever, headache, and siadden on-set followed by a short
duration period (less than a week) (Blaser et@I9). In human patients with symptoms
of diarrheaC. jguni has been isolated as the etiological agent mareStigella spp.,
Salmonella spp, orE. coli 0157:H7 (Blaser et al. 1979, Blaser 1997). GuntBarré
syndrome, a demyelinating disease resulting inarauscular paralysis, pulmonary
muscle deterioration, and death, has been link€H jiguni infections (Blaser 1997,
Sahin et al. 2002).

Diseases associated with this microorganism comymesult from ingesting
undercooked poultry, mishandling raw poultry, anass-contamination of other
surfaces (i.e. this bacteria has been found taveim exposed environments containing
oxygen on stainless steel and cotton dishtoweblsad for over an hour), and survived
in untreated water sources (Yan et at. 2005). @omtah infected children,
consumption of unpasteurized milk and/or contaneiddébod products can result in the
manifestation of symptoms related@ojeuni infections. Most U.S. citizens become
infected while traveling to foreign countries (Bta®t. al 1979, Blaser 1997).

Campylobacter jguni is enteric in livestock such as cattle, swine,l{rpu

companion animals (i.e. dogs and cats), and wilchals such as rodents and raccoons
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(Blaser 1997, Sahin et al. 2002). An earlier stundljcated a relationship between the
house fly,Musca domestica (L.) (Diptera: Muscidae), tenebrionid adults aarhe, and
cockroaches as mechanical vector€giguni in poultry houses (Sahin et al. 2002). An
additional link between the pathogen and humatigaigh cattle, sheep, and other
livestock which ingest pathogens from contaminatater sources (Blaser et al. 1979).
Consequently, human interactions with livestockease the potential risk of
contamination.

Similar strains ofCampylobacter have alsdeen found to infect humans and
their companion animals, as evidenced by a Danishrgd her dog having the same
strain of quinolone-resitai@. jgguni (Damborg et al. 2004). Transmission from humans
to companion animals is demonstrated by the previase discussed; however, the
mode of pathogen transmission remains uncertathréwods may play a vital role in
the transfer of bacterial pathogens in such ingsnErythromycin is commonly used to
treat infections with alternatives such as fluoiaglenes and tetracyclines, but there is
evidence that the usage of antibiotics in humaxsaammmals used for consumption is
increasing, hence pathogens are becoming moreamisie such courses of treatments
(Blaser 1997).

Campylobacter jguni is susceptible to oxygen in the atmosphere, whiaki m
limit grown in moist locations such as livestockdeand water (Sahin et al. 2002).
Although, once chickens digeSampylobacter spp. ancE. coli, the organisms may

develop in the field better than under ideal labmmaconditions (McGee et al. 2004).
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Campylobacter spp. colonization increased 10,000 times thaglodtatory growth
following expulsion from the digestive tract of poy (McGee et al. 2004).

Escherichia coli. Escherichia coli are gram-negative, rod shaped bacteria with
specific strains considered important pathogensimicg in humans and veterinary
settings. The most common cause of enteric colibaid in piglets isE. coli (Zurek
and Schal 2004). In human cases, there are sestmmis with varying effects ranging
from mild fevers to hospitalizations and death,edepng on the strain acquired.
Escherichia cali titers in the environment denote the level of fecatamination (Le
Guyader et al. 1989, Rivault et al. 1994ansmission of these organisms can follow an
unsuspected fecal-oral interaction, such as ustangaminated hand towel and then
touching food or the mouth area. Clecoli strain has been cited as one of the primary
causes of Traveler’s diarrhea for individuals wgjtforeign countries lacking adequate
sanitation facilities (Nataro and Kaper 1998).

Escherichia coli 0157:H7 is a medically important strain initiatlgported in

1982. It can cause bloody diarrhea, hemolytic ucesyndrome (HUS), kidney failure,
and death (McGee et al. 2004). This straii.afoli contains genes comparable to the
Shiga toxin (Tarr 1995)Escherichia coli 0157:H7 has had reported outbreaks in the
United States, Great Britain, and Canada with 2DjAfections and 100 deaths in the
United States (Michino et al. 1999). Mead et &99) estimated 73,48B. coli 0157:H7
infections with an additional 61 deaths in the EdiStates.

Cattle act as a primary reservoirkafcoli 0157:H7 with 2-24% of their fecal

material contaminated with the pathogen (McGeé. &094). Cattle and other livestock
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(i.e. turkeys) feces is contaminated withmpylobacter spp. ancE. coli 0157:H7.
Infected fecal material provided a breeding grofordther insects such as filth flies
(Stomoxys calcitrans (L.) (Diptera: Muscidae)Tabanus spp. (L.) (Diptera: Tanabidae),
andHydrotaea aenescens (Wiedemann) (Diptera: Muscidae) to acquire pathegerm
therefore becoming mechanical vectors (Szalansii @004). Outbreaks &. coli
0157:H7 may result from ingestion of contaminatedflor direct contact with
contaminated cattle and/or their feces (McGee.&tCfl4). The hide of cattle appears to
harbor several pathogens, includiagcoli 0157:H7, which can contaminate the
carcasses of cattle (McGee et al. 2004) EAooli 0157:H7 outbreak in Sakai City,
Osaka, Japan in 1996 involved 9,451 cases witheathd (Michino et al. 1999). The
demographic of those infected was as follows: eldgarg school children; individuals at
child care facilities, nursing homes; an industigalility; and individuals who ingested a
commercially prepared box lunch with unknown orgy({iMichino et al. 1999). This
infection was the result of white radishes carrytimg pathogen, which correlates with
other studies indicating a presencd=o€oli 0157:H7 on vegetables and fruits (Michino
et al. 1999). A more recent outbreak occurred fdog—October 2007 in 10 states (IL,
KY, MO, NY, OH, PA, SD, TN, VA, and WI), resulting 21 reported infections with
eight hospitalizations and four HUS patients frargeastion of contaminated pepperoni
on frozen pizza (CDC 2007).

Cockroaches could be possible mechanical vectanssdcomial infections,
especially to patients in neonatal units, intensaee, and who are immunocompromised

patients (Fotedar et al. 1991, Gliniewick et alD20Elgderi et al. 2006, Salehzadeh et
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al. 2007). Nosocomial infections may result fronthogens on contaminated food, a
contaminated water supply, and/or unsanitary faeslj like bathrooms (Lemos et al.
2006).Supella supdllectilium (Serville) have been found to carry opportunisaictieria
species such d&nterobacter agglomerans, Escherichia adecarboxylata, Serratia
mar cescens, andSerratia liquefaciens which cause secondary infections in hospitals (Le
Guyader et al. 1989). Salehzadeh et al. (2007 yidbeschospitals infested with
cockroaches contained higher bacterial counts tthase found residential areas. This
association of greater rates of bacteria may résrtt hospital environments being
more conducive to bacterial acquisition from sosireecontaminated water, food, and
other objects along with safe harborage throughacomated areas. Multiple drug-
resistant bacterial strains of medical importareechbeen isolated from cockroaches in
many hospitals (Fotedar et. al 1991, GliniewickleR003, Elgderi et al. 2006,
Salehzadeh et al. 2007). Understanding the nafypatbogen transmission from urban
insect pests to humans could clarify the epidengplaf many unknown illnesses. The
epidemiology of potentially fatal pathogens needbé thoroughly examined as they
relate to cockroaches.

Determining gene flow among populations collectedantral Texas may allow
for a better understanding of how and if populatiare segregated, or if there is a
single, unified population. Currently, a strongklimetween urban and forensic
entomology does not exist. Cases involving abuseglect for young children or
people in full-care facilities would rely on knowlige of both disciplines to successfully

determine biology, development data, and foragelwgliors of alleged species under



21

investigation. Pathogens are important becausediiese medically important
infections and diseases within populations. Moddsamsmission may be important in
identifying sources and dispersal of pathogensrthy@ods. Analyzing the pathogen
fauna among cockroach populations collected inrakfiexas will help establish
diversity of pathogens carried on their exoskelefdso, spatial distribution of bacteria
species may indicate the origins of pathogens,isitgqun by cockroaches, and distances
cockroaches are capable of spreading viable onganis

Therefore, the objectives and hypotheses of tlasishare:

1. Analyze the gene flow amoigriplaneta americana cockroach populations in
College Station, Texas (central Texas):

Ho: There is no significant difference in the genatiakeup of field
collectedP. americana samples from discrete sites in central Texas.
Ha: There is significant and measurable gene flowragrfeeld collected
P. americana samples from discrete sites in central Texas.

2. Determine the epidemiology and/or spatial refeghips ofEscherichia coli and
Campylobacter spp. associated through mechanical transmissidtebplaneta
americana cockroach specimens in College Station, Texadr@enhexas):

Ho: There is no geographic relationship for bactexvered among
field collectedP. americana samples from discrete sites in central
Texas.

Ha: There are significant differences in the bact&aiama among field

collectedP. americana samples from discrete sites in central Texas.
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CHAPTER Il

GENE FLOW AMONG Periplaneta americana (BLATTODEA: Blattidae) IN

CENTRAL TEXAS

Introduction

Molecular techniques can be used to identify inspeties. Polymerase chain
reactions (PCR) use a primer to selectively amg@ifgrgeted sequence of DNA, which
can act as a species-specific marker used forifobations. Amplification length and
rate of success are based on quality and quaritéytcacted DNA. PCR amplification
rates dropped by 91% when medium-length sequeB68s400 bp) were amplified,
versus short-length sequences (100-200 bp) (Framttal. 1998). Genetic material
primed for amplification may undergo damage, degtiad, or are completely unable to
replicate during PCR due to small template DNA sedative damage and/or
enzymatic breakdown of the sample (Taberlet €1996, Franzten et al. 1998).
Eukaryotic rRNA is arranged with genes being sdpdrhy internal transcribed spacer
(ITS) regions, and non-transcribed spacer (NTSpreg Genes usually occur in
repeating, tandem units and have NTS regions betwageeating segments of RNA,
while ITS regions separate genes within each stfaedpite looking at the lesser of the
two variable spacer regions, ITS regions still pavvide an ample amount of variation
to reveal a relatively moderate level of gene flowongst the given cockroach

population in central Texas (Mukha et al. 2007).
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Defining a population depends on several factoch s1$ spatial distribution,
structures from which collections were made, edckigriches occupied by a
population, or the general bias of the collectonfgl contribute to the definition of a
“population.” Differences in allelic frequencies ynalso be used to distinguish
populations. Hypothetically, genetic variabilityaleases in populations secluded from
other populations (Cloarec et al. 1999). In regaodsockroaches (Order: Blattodea),
isolated populations may have limited gene flucturabecause of minimal migration
from outside populations contributing to the noweidse gene pool (Mukha et al. 2007).

Only a few cockroaches are needed to establisivgopulation in a given area.
Mukha et al. (2007) identified thrdattella germanica (Linneeus) (Blattodea:
Blattidae) populations with substantial geneti¢edé#ntiation, hence, isolated
populations separated between 15 and 115 km. lmasinCloarec et al. (1999)
analyzed isoenzymatic genetic markers fi®rgermanica populations from two French
cities (Rennes and Séte) approximately 900 km a@partdemonstrated limited genetic
variation. Consequently, due to contrasting resalfgevious studies it is inconclusive
as to whether or not populations analyzed oveadcsts are homologous.

Cockroaches can passively and actively dispersewolocales (Jobet et al.
2000). Gene flow may be caused by long range passvel, i.e. people moving
location to location with boxes and other storagested with cockroaches. The
similarity between populations may have resultednfthe increased movement of
humans within cities when compared to the moverméhtimans between cities and

consequently increased transfer of cockroaches noensite to the next (Cloarec et al.
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1999). Active movement appears to be confinedrgperate climate zones when
alternative, ideal habitats are within close pragm(Cloarec et al. 1999). Schoof and
Siverly (1954) indicated a lack of dispersal amémgerican cockroactReriplaneta
americana (L.) (Blattodea: Blattidae), populations througtwer systems in Phoenix,
Arizona, USA. This inability to disperse may haesulted from the ideal habitat a
sewer system provided, including ample amountsaiéwy food, and harborage. It
appeared that when requisites for life were fd@lithe necessity to actively disperse
reduced.

Genetic variation among dispersing populations neaylt from various genetic
events. Genetic drift, founder effects, natura¢stbn, migration, and gene flow are
some factors that might contribute to genetic vemma(Jobet et al. 2000). Founder
effects occur more frequently in cockroach popalaidue to only required a limited
number of individuals to establish new populati@@mparec et al. 1999). Cloarec et al.
(1999) suggested that populations within a defgeagraphical area (i.e. a city) were
more homologous than populations compared betwessatay distances (i.e. city to
city). Populations separated by variable distame&sning similar allelic frequencies
indicated a homologous correlation between popratihence, gene flow (Cloareac et
al. 1999).

The objective of this study was to determine géow fmong populations
collected in central Texas. This information magwlfor a better understanding of how

and if populations were segregated, or if there avasgle unified population.
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Materials and Methods

Sampling Technique for CockroachesPeriplaneta americana (L.) were
collected within 50 m of neighboring urban struesim College Station, Texas (Table
A-1) and investigated for potential gene flow bylalgenetic analysis among the
collected population(s). Collecting sites on camywese selected from locations with the
highest cockroach populations based on prelimitrapping. Once locations were
established, three collecting containers were pladgéhin a 1.83 risquare at each
trapping location. Coordinates of each site weterd@ned with a Gormin eTré&¥ista
Cx GPS unit (Garmin Ltd., Olathe, KS, USA). Addita samples from other following
cities in Texas were obtained from the Texas A&Mwuérsity Insects in Human Society
(ENTO 322) Student Insect Collection including: &anton, Del Rio, Bryan, and
Hempstead, Texas. The cockroaches used from theesT&&M University Insects in
Human Society Student Insect Collection were preskby pinning and stored in boxes
turned by the students. Data points for all coc&hes collected were uploaded to
Google Earth.

Containers used for collection were glass masan(#80 ml) coated with
Elmer’s Acid Free Craft Bond (© Elmer’s Products;.| Columbus, Ohio, USA) and
rolled in Quickrete® Playsand (Quickrete® Interoaal, Inc., Atlanta, GA, USA),
according to Granovsky (1983). The top 2 cm ofjn@pening was lined with H-E-B
brand petroleum jelly (H-E-B, San Antonio, TX, USAnd baited with approximately
51.76 ml beer (Miller Brewing Co., Milwaukee, WI1S4) and 7.04 g of H-E-B brand

white bread (H-E-B, San Antonio, TX, USA) for speein collections (Barcay 2004).
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Baited containers were placed in the field immesdjaafter adding the beer/bread
mixture. Jars were set out prior to dusk and ctédgérom the field after 8-12 h. Once
jars were collected from the field, cockroachesenstored in the freezer.

Cockroaches were collected from each jar and stargdlividual plastic bags
(16.5 x 14.9 cm) with up to three plastic bags aomhg cockroaches from each site.
Collected specimens were stored in a freezer 4C-2atil further analyses were
conducted. This method should not negatively infagebacterial colony (Szalanski et
al. 2004).

Molecular Analysis. Molecular probes were used to identify different
haplotypes within each cockroach sample. The henauf from each specimen was used
for genetic analysis. The specific region providihg greatest amount of information
about the genetic flow involved the ITS1 region efhis located between the 18S and
5.8S gene. Fragments of both the 18S and 5.8S gerddhe entire IST1 region made-up
the probe in identification of individuals and thgenetic composition from the
provided specimens and has been demonstratedantrettidies (Mukta et al. 2007).

A 562-bp section of the nuclear 3’ portion of 1&NA, all of ITS1 region, and
the 5’ portion of 5.8S was amplified with the prim@DNA2 (5'-
TTGATTACGTCCCTGCCCTTT-3’) and rDNA 1.58S (5'-
GCCACCTAGTGAGCCGAGCA-3) with a thermal cycler pilef consisting of 40
cycles of 94°C for 45 s, 53°C for 1 min and 72°€Xamin as described by Szalanski
and Owens (2003) (Vrain et al. 1992, Cherry e1987). Amplified DNA from

individual cockroaches was purified and concentratgh minicolumns according to
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the manufacturer’s instructions (Wizard PCRprepsnfega). Samples were sent to The
University of Arkansas Medical School DNA Sequengditacility (Little Rock, AR,

USA) for direct sequencing in both directions. Gamsus sequences were derived from
both of DNA sequences from an individual with Bidésl09 to verify nucleotide
polymorphisms (Hall 1999).

DNA sequences were aligned by CLUSTAL W (Thompsioal.€1994). The
distance matrix option of PAUP* 4.0b10 was usedalzulate genetic distances
according to the Kimura 2-parameter model of sege@volution (Kimura 1980,
Swofford 2001). Maximum likelihood and unweightemrgimony analysis on the
alignments were conducted by PAUP* 4.0b10 (Swoffed@1). Gaps were treated as
missing characters for all analysis. The reliapitif trees was tested with a bootstrap test
(Felsenstein 1985). Parsimony bootstrap analysladed 1,000 resamplings with the
Branch and Bound algorithm of PAUP*. For maximukelihood analysis, the default
likelihood parameters were used (HKY85 six-parametedel of nucleotide
substitution, empirical base frequencies with tkeeption of the transition/transversion
ratio, will be determined). These parameters weegluo carry out a heuristic search by
PAUP* with a neighbor joining tree as the startiree. Gene flow was evaluated
applying Mitochondrial DNA haplotypes aligned by 8@zade v4 (Sinauer Associates,
Sunderland, MA). Haplotype distribution between gagons, number of haplotypes,
number of unique haplotypes, haplotype diversi)y @hd nucleotide diversity (pi) was

calculated with DNAsp v3.51 and Genealogical relaghips among haplotypes were
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constructed using TCS, with the method describe@idagpleton et al. (1992) (Rozas

and Rozas 1999, Clement et al. 2000).

Results

DNA sequencing of the ITS1 region from 52 cockreeschamples (Table A-1)
resulted an average size of 560 bp. There weragbtypes observed from four Texas
counties with the 3 haplotype being the most com(fiable 2). There were 25 unique
haplotypes. Del Rio, Texas is approximately 462ftkam College Station; Pleasanton,
Texas has a distance of approximately 274 km frateGe Station, Texas; TX;
Hempstead, Texas is approximately 62 km away fratteGe Station, Texas; Bryan,
Texas is a sister city to College Station, Texgasged by approximately 8 km.

There were 41 polymorphic sites (Table 3). The ayemumber of pairwise
nucleotide differences was 3.992. Out of the 2adtgpes there were 25 singletons or
unique sequences. Nucleotide diversitywas 0.007, and the mean number of pairwise
nucleotide differences between haplotypesyas 3.992.Tajima’s D test of neutrality of
mutations against excess of recent mutations warsignificant (Table 4).

Applying P A U P * version 4.0b10 software, bothigd@or-Joining (NJ) and
Maximum Parsimony (MP) analyses were conductedul®esf the NJ tree using
uncorrected “P” distances is presented as an ugnladddogram (Figure 1). For MP
analysis, parametric bootstrapping (50% majoritgxwith a full heuristic search was
employed for 1000 pseudoreplicates with a stageed = 632095753. A total of 560

characters were evaluated with all characters ggwaighted; 513 characters remained
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constant and 20 characters were parsimony infommaBaps in nucleic sequences were
treated as “missing” with the starting tree(s) oled via stepwise addition. The Branch-
swapping algorithm: tree-bisection-reconnection)Bvas employed. The sum of
minimum possible lengths = 48; the sum of maximuwssible lengths = 140. A single
tree (Figure 1) was produced with length = 113701425 and Rl = 0.293. Uncorrected
(“P”) distances were used to construct the NJ ffee.distance matrix of 13 haplotypes
(Table A-2) is a portion of all of the haplotypestermined from samples collected.

Phylogenetic trees were also obtained using a Bayesalysis with the GTR+G
model by applying Bayesian Evolutionary Analysisrpéing Trees (BEAST) version
1.4.7 software (Drummond and Rambaut 2007). FoeBiay inference, four Markov
chains run for 1Dgenerations with a burn-in of 2 XI@ere used to reconstruct the
consensus tree (Figure 2); MP branch support @septed above the major branches
with posterior bootstrapping probabilities presdritehind each node (Figure 2).

TCS spanning tree analysis reveled that haplotyipedhe highest outgroup

possibility for all of the 22 haplotypes (Figure 3)



Table 2. Sample sites and haplotypes frequencie®fn each collection site within

Texas counties

City ( County) N Haplotype (frequency)

Pleasanton (Atascosa) 1 17(2)

Bryan (Brazos) 2 1(2), 5(2)

College Station (Brazos) 48 1(10), 2(1), 3(14),)4611),

7(2), 8(1), 9(1), 10(4), 11 (1),

12(1), 13(1), 14(3), 15(1), 16(2),
18(1), 19(1), 20(1), 21(1), 22(1)

Hempstead (Waller) 1 1(2)
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Table 3. Base pair differences betweelR. americana haplotypes from Texas

Nucleotide site

Haplotype
27 33 52 55 58 67 69 82 85 92 136 137 179 186 198

1 12 T T € C A C A C C A cC G C C T

2 1 * * * * * * * * * * * * * * *

3 14 * * * * * * * * * * * * * * *

4 1 * * * * * G * * * * * * * * *

5 1 * * * * G G G * * * * * * * C

6 1 * * * * * * * * * * * * * * *

7 1 * * * * * * * * * C * * A * *

8 1 * C * * * * * * * * * * * * *

9 1 * * * * * * * * * * * * * * *
10 4 * * * * * * * * * * * * * * *
11 1 C * * * * * * * * * * * * * *
12 1 * * 1T T * G * T T C T * A T *
13 1 * * T * * * * T T * T * * * *
14 3 * * * * * * * * * * * * * * *
15 1 *x %k kx ok xx x % % * * * *
16 2 * * * * * G * T * * * * * * *
17 1 *x ok x ok x ok xxxk % % * * * *
18 1 * * * * * * * * * * * * * * *
19 1 * * * * * G G * * * T T * * *
20 1 * * 1T T * * * T T * T * A T *
21 1 * * 1T T * * * T T * T * A T *
22 1 * * T * * * * T T C T * * * *




Table 3. continued

Nucleotide site

Haplotype
N 199 225 239 264 272 303 314 355 366 437 463 4884 5515

1 2 T A G G G G A A G C A C A A
2 1 * * * * * * T T * T * * C *
3 14 * T * * * * * * * * * * * *
4 1 * T * * * * * * * * * * * *
5 1 * T % x ok xx ok xx ok xx %
6 1 * T * * * * * * * * * * * T
7 1 * * G * * * * * * * * * * *
8 1 * * * C * * * * * * * * * *
9 1 A * G * * * * * * * * * * *
10 4 A T * * * * * * * * * * * *
11 1 * * G * * * * * * * * * * *
12 1 A * G * * * * * * * * * * *
13 1 A * G * * * * * * * * * * *
14 3 * * G * * * * * * * * * * *
15 1 A *  x k ok x ok x ok xx ok x %
16 2 * * * * * * * * * * * * * *
17 1 * * G * G C * * C * C * * *
18 1 * * * * * * * * C * * G * *
19 1 * * G * * * * * * * * * * *
20 1 * * G * * * * * * * * * * T
21 1 * * G * * * * * * * * * * *
22 1 * * G * * * * * * * * * * *
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Table 4. Summary of statistics for DNA genetic vaation ®

Sample | n| h | s Hd 7 (K) Os Oy D Fr D*
Texas 52/ 28 | 41| 0.918 +0.025 0.007 (3.992 0.017 9.29 -3.39 -3.41 -1.94

* P <0.05; ** P <0.02.

& nis the number of sequencéss the number of haplotypesis then number of polymorphic sites, Hd is hapiety
diversity = SD,mtis nucleotide diversityk is mean number of pairwise nucleotide differenésis, the theta per sité, is
theta per gene, Tand F' are statistics per Fu and Li, antli& Tajima D statistic.

€e
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HE-16
CS-16
CS-68
CS-07
CS-115

CS-66
CS-08

CS-32
CS-46

CS-30
CSs-121
CS-125
CS-85
—— CS-33
BR-34
CSs-141

PL-01

—— 0.001 substitutions/site

Figure 1. Phylogenetic relationship oP. americana rDNA ITS1 region. Neighbor-
joining tree with a length = 113, Cl = 0.425, and R= 0.293 resulting from samples
collected from quadrants on the Texas A&M Universiy campus College Station,
Texas, and from Bryan, Hempstead, and Pleasantongkas
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Figure 3. Genealogical relationship among haplotygeof P. americana estimated by
TCS. The square is the most baysesian haplotype anwpthe collected population:

in Texas. Ovals are haplotypes not observed and dabranch represents a single
mutation
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Discussion

The purpose of this study was to analyze the dpiiaibution ofP. americana
populations in an outdoor, urban environment andetermine the extent of gene flow
among the populations. This study attempted torohete genetic variability amon@,
americana collected on Texas A&M University in College Statj Texas.

Genetic differentiation occurs between populationdiverse locations for all
organisms (Austin et al. 2004). Inward et al. (20€0ggested both the orders Isoptera
and Blattodea are related, thus their genes waadtksce to a single common ancestor.
It can be assumed that the individual lineages @vaamprise of similar genetic
material, thus specific gene regions would be applie for amplification purposes in
both orders. Phylogenetic studies and populatioetes performed on termites
commonly used the 16S region of the gene for amatibn. The 16S region of the gene
was initially chosen as the amplification sitehinststudy to determine variability among
cockroach populations collected on campus. Dungydtudy, the 16S gene region
amplification protocol commonly used in termitediats failed to amplify cockroach
DNA. Differing genetic compositions of the 16S geagion selected may have resulted
from evolution of separate ordinal lineages ovaeti The universal primers that
annealed for termite DNA simply would not work fayckroach DNA and/or the
annealing temperature may have been to low thubitimty annealing or too high which
would damage the primers or DNA. No matter the eatigere was no successful

amplification of the 16S gene region, so the IT&Jion was chosen for amplification
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because of the availability of comparable sequeacadable on Genbank (National
Center for Biotechnology Information).

The ITS1 region functions in primary rRNA procegsand has a higher rate
differentiation than the 18S gene region of rRNaniés et al. 1996). Mukha et al.
(2007) reported rRNA genes as being the most ceedeamong populations, while non-
transcribed spacer regions have the most variagiom franscribed spacer regions
between the two extremes. There are conflictingltesvhen analyzing the ITS1 region
for genetic variability in insect populations. Saaski et al. (2008) determined a lack of
diversity in the nuclear gene region (ITS1 regiaith high levels of differentiation
when examining the mitochondrial DNA region (163@)einCimex lectularius (L.)
(Hemiptera: Cimicidae). The ITS1 region may haw#dated low levels of diversity in
this species at this specific loci (Szalanzskile2@08). When the ITS1 region was
used, it failed to determine phylogenetic relatiops betweerReticuliter mes termites
(Tripodi et al. 2006). On the other hand, there sw$icient variability in the ITS1
region used to identify diversity amogabrotica (Coleoptera: Chrysomelidae) species
(Szalanski and Owens 2003). Additionally, Szalamsldl. (2000) demonstrated
differentiation betweeiicrophorus americanus (Olivier) (Coleoptera: Silphidae) based
on results from the ITS1 region. The current stody have demonstrated biotic
homogenization within populations Bf americana based on data from the ITS1 region
(McKinney and Lockwood 1999).

Haplotypes are defined by at least a single nuidedatifference within the same

gene region between sequences thus identifyingierggnes. Haplotype diversity is the
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number of haplotypes compared to their relativgdesmcy and determined the
probability of two sequences chosen from a popatabieing different (Austin et al.
2004).) Tajima’s D is a statistical determinatidritee neutral mutation hypothesis in
natural populations (Tajima 1989). Positive valoEB indicate population bottlenecks
while negative values of D suggest expansion ajfaufation (Tajima 1989). Nucleotide
diversity (Pi) in populations assumed neutralitgddhon the infinite alleles model
(Austin et al. 2004).

Among the 52 sampled there were 22 haplotypesatidg a high amount of
variation in the population. TCS spanning tree gsialdefined lineages from nuclear
markers which implied populations moderate levélgame flow. The lack of isolated
populations was reconfirmed by maximum likelihood 8aysian phylogenetic
analyses.

Periplaneta americana samples from Bryan, College Station, Hempstead, and
Pleasanton, Texas were in a single clade, includiragnericana sequence obtained
from Genbank (AF321248). Sequence comparisons fiewmd speciation and revealed
moderate interbreeding betwelenamericana. The Smokey Brown cockroach
(Periplaneta fuliginosa) (Serville) and Brown cockroacP¢riplaneta brunnea)
(Burmeister) were chosen as outliers because sbgurences were available on
Genbank, AF321250 and AF321249, respectively, aadneembers of the genera as
American cockroaches. Comparing various speciesvall a broader analysis Bf
americana to varying genetic sequences as a result of dp@cithin the same genera.

Comparing the 52 sequences amplified to 22 hapdstgoiggested a moderate amount of
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variation in the population based on nuclear maKehe lack of isolation indicated
interbreeding populations on campus. Differentiatvd genetic variation based on
spatial distribution oP. americana populations indicated the success and ability of
breeding with independence among various populgtion

Cockroaches might be capable of traveling betwedeating sites through
various migration methods such as walking, climbugligpersal via steam tunnels and
sewer systems throughout campus, and/or depost#igootheca on materials
transferred by humans. Individuals from one coifgrsite were able to migrate to other
sites through any of the previously mentioned masHeasibly because the greatest
distance between collecting sites was 1.44 km. &ign of individuals to new locations
provided an opportunities for new genetic matdndie introduced into a population
thus increasing some haplotypic diversity. Szalaasl Owens (2003) suggested lack
of variation among southern corn rootworm resuftech motility or population
expansion. Diversity among populations collectecd@mpus most likely resulted from
the ability of cockroaches to travel successfullyiban environments and breed
effectively with cockroaches from other areas. Tomstributing to a constant influx of
genetic material into various populations. It remsainknown what degree of genetic
variability is observed among other cockroach sggeci

Genetic variability in populations can be achiettedugh genetic drift, genetic
flow, natural selection, and founder effects (StatkO87). Genetic drift can affect
nuclear genes though the fixation of loci in vasdocations, but gene flow can impede

the permanent fixation of the alleles (Slatkin 19&2&normand (2002) determined gene
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flow limited adaptation of genes to specific looat because new genes from outside
sources prevent loci from becoming fixed in theimmment. Gene flow can prevent
speciation because introduced genetic materiabeaadapted for survival in a particular
environment differing from the population in whittemigrated (Slatkin 1987). Gene
flow is an indirect method of determining movementhin a population. Bossart and
Prowell (1998) indicated the only method that défiely determined gene flow among
a population was through the use of genetic tagd tstrack movement which has had
successful in marine organisms. Cloarec et al.{188fined gene flow as the
movement of cockroaches over long distances byygasansportation, thus increasing
the rate of homogenization among the genetic nesteetween populations. Results
found in the current study correlated with Cloageal. (1999) when they determined
German cockroach populations were not isolated/anRrench cities 900 km apart.
Mukha et al. (2007) determined thiBegermanica populations found in farms separated
by 10-100 km and had three populations differeatidty rDNA markers, but they were
still not completely isolated. Species, includinghhy mobile organisms such as
cockroaches, disperse through an environment gebigjraphical structures such as
oceans, deserts, and mountains impede expans@ki(51987).

Pesticide use is a common method implemented faessing cockroach
populations. Although increased and prolonged @islkeosame pesticides can lead to
resistance. Lenormand (2002) suggested increasedfigev prevented resistance to
pesticides. Introduced genetic material may noeHsen exposed to similar classes of

pesticides thus specimens would be susceptiblevel pesticides locations. Natural
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selection differs from genetic drift because nbt#éles in different populations are
effected the same and gene flow has no consequente outcome of genetic variation
(Slatkin 1987). Founder effects display a portibrariation existing in the entire
population because it comprises of a small numberdividuals that colonized a new
area (Cloarec et. al 1999 and Mukha et al. 2007).

To date, this study is the first using rDNA maské&y identify spatial
relationships and gene flow amoRgamericana populations in the United States.
Future studies may analyze a broader range of gedesling mitochondrial DNA to
determine if there are lineages formed by mategaaktic material. Also, analyzing
gene flow at several differing sequences within DAy determine a more

comprehensive evolutionary lineage of divergennesckroach populations.
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CHAPTER 1lI

EPIDEMIOLOGY AND SPATIAL RELATIONSHIPS OF BACTERIAL
SPECIES ASSOCIATED THROUGH MECHANICAL TRANSMISSION BY

Periplaneta americana (BLATTODEA: BLATTIDAE) IN CENTRAL TEXAS

Introduction

Arthropods transmit medically important pathogembimans (Mullens and
Durden 2002). Cockroaches (Order: Blattodea) aportant vectors of pathogens due
in part to their unsanitary lifestyle. Cockroachicle can harbor several
Enterobacteriaceae species (Mpuchane et al. 2006b). A few medicatigaortant
pathogens harbored by the American cockroBehplaneta americana (Linnaeus)
(Blattodea: Blattidae) includ€ampylobacter spp.,Escherichia coli, Salmonella spp.,
Shigella spp.,Saphylococcus spp.,Streptococcus spp., androxoplasma gondii (Barcay
2004). Cockroaches also reported to transmit patfoguch as anthrax, cholera,
diphtheria, pneumonia, tetanus, and tuberculosasifiholtz et al. 1997). All of which
could be used as bioterrorism agents targetingarmmhuman populations.

Cockroaches could be competent carriers of nosadonfection agents,
especially to patients in neonatal units, intensaee, and who are immunocompromised
(Fotedar et al. 1991, Gliniewick et al. 2003, Elg@e al. 2006, Salehzadeh et al. 2007).
Nosocomial infections may result from pathogensantaminated food or water, and/or

unsanitary facilities, like bathrooms (Lemos et28l06). Salehzadeh et al. (2007)
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described cockroaches collected in hospitals te lgaeater bacterial counts than found
in residential areas. The association of highetdrvacrates results from hospital
environments being more conducive to bacterial s@itpn from numerous sources such
as water, food, and/or harborage with contaminaigeécts. Multiple drug-resistant
bacterial strains of medical importance have beelaied from cockroaches in several
hospitals (Fotedar et. al 1991, Gliniewick et 802, Elgderi et al. 2006, Salehzadeh et
al. 2007). Understanding the nature of pathogerstréssion from urban insect pests to
humans could clarify the epidemiology of many unknallnesses. The epidemiology
of potentially fatal pathogens needs to be thorbugkamined as they relate to
cockroaches.

Certain disease causing pathogens commonly assoeigith cockroaches
resulted in gastro-intestinal related illnessesh&gens, such &s coli and
Campylobacter spp., commonly transmitted by cockroaches may leel@oked during
diagnosis of sudden ailments with symptoms beinglar to food-borne illnesses,
including abdominal cramping, diarrhea, nausea,favek.

Campylobacter are microphilic, curved, gram-negative, non-sgorening
motile bacteria (Yan et al. 200%Jampylobacter spp. are not part of a normal bacterial
fauna in humans but has been found in individueglaying symptoms such as diarrhea
and fever (Blaser et al. 1979). In human patientls symptoms of diarrhe&. jejuni
has been isolated to cause diarrhea-like symptoane thanShigella spp.,Salmonella

spp., ancE. coli 0157:H7 (Blaser et al. 1979, Blaser 1997).
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Diseases associated willampylobacter spp. result from ingesting undercooked
poultry, mishandling raw poultry, and the crossteomnating of surfaces, for example
this bacteria has been found to survive in expesettonments containing oxygen on
stainless steel and cotton dishtowel surfacesver an hour, and can survive in
untreated water sources (Yan et at. 2005).

Campylobacter jguni is enteric in livestock such as cattle, swine,l{rpu
companion animals (i.e. dogs and cats), and wilchals such as rodents and raccoons
(Blaser 1997, Sahin et al. 200@ampylobacter jejuni is atmospheric desiccation and
oxygen which inhibits growth in moist locations buas livestock feed and water (Sahin
et al. 2002). Consequently, human interactions Iwgstock increase the potential risk
of contamination.

Escherichia coli are gram-negative, rod shaped bacteria with dpestifains
considered important pathogens of humans and asitmahuman cases, there are
several strains that produce varying effects, rapfiiom mild fevers to hospitalizations
and death depending on the strain acquired irogs Bscherichia coli titers in the
environment corresponded with levels of fecal comntation (Le Guyader et al. 1989,
Rivault et al. 1994)Transmission of these organisms can follow an yretted fecal-
oral interactions, such as using a contaminated t@amel and then touching food or the
mouth area.

Escherichia coli 0157:H7 is a medically important strain initiatlgported in
1982 (McGee et al. 2004). It can cause bloody ke hemolytic uremic syndrome

(HUS), and death (McGee et al. 2008).coli 0157:H7 had reported outbreaks in the
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United States, Great Britain, and Canada, with@Dj@fections and 100 deaths in the
United States (Michino et al. 1999).

Pathogens are medically important because of reguitfections and diseases
associated with human and/or animal populationdddaf transmission are important
in identifying sources and dispersal of pathogsush as dissemination by arthropods.
Bacterial strains identified were spatially analyze this study by determining where
various pathogens were in relationship to diffe@tkroach populations. Analyzing the
pathogen fauna among populations in a given logattuld help establish the pathogen
diversity cockroaches carry on their exoskeletasedaon locations. Also, spatial
distribution of bacterial fauna may indicate acdios locations and distances
cockroaches are capable of spreading viable onganis

The objective of this study was to analyze spalistiibutions ofE. coli and
Campylobacter spp. in relationship to different cockroach popolas. This information
may determine the spatial distribution of bactefiaaina and identify locations with high

bacterial titers.

Materials and Methods
Sampling Technique for CockroachesPeriplaneta americana (L.) were
collected within 50 m of neighboring urban struetum discrete locations in College
Station, Texas (Table A-1). Collecting sites on pamwere selected from locations
with the highest cockroach populations during pneiary trapping. Once locations

were established, three collecting containers \wkreed within a 1.83 frsquare at each
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trapping location. The north quadrant was approseéiga.29 kni. The central quadrant
was approximately 0.40 KmThe south quadrant was approximately 0.33, land the
west quadrant had an area of approximately 0.58 wordinates of each site were
determined with a Gormin eTr&¥ista Cx GPS unit (Garmin Ltd., Olathe, KS, USA)
and data points uploaded to Google Earth.

Containers used for collection were glass masan(#80 ml) coated with
Elmer’s Acid Free Craft Bond (© Elmer’s Products;.| Columbus, Ohio, USA) and
rolled in Quickrete® Playsand (Quickrete® Interoaal, Inc., Atlanta, GA, USA),
according to Granovsky (1983). The top 2 cm ofjine@pening was lined with H-E-B
brand petroleum jelly (H-E-B, San Antonio, TX, US&)d baited with approximately
51.76 ml beer (Miller Brewing Co., Milwaukee, W134), and 7.04 g of H-E-B brand
white bread (H-E-B, San Antonio, TX, USA) for speein collections (Barcay 2004).
Baited containers were placed in the field immesdjaafter adding the beer/bread
mixture. Jars were set out prior to dusk and ctdérom the field after 8-12 h. Once
jars were collected from the field, cockroachesenstored in the freezer.

Cockroaches were collected from each jar and stargdlividual plastic bags
(16.5 x 14.9 cm), with up to three plastic bagstaming roaches from each site.
Collected specimens were stored in a freezer 4C-2atil further analyses were
conducted. This method should not negatively infagebacterial colony (Szalanski et
al. 2004).

Screening forEscherichia coli Activity. Media used for screenirigscherichia

coli followed the manufacture’s recipe of 32.6 g /L ¢(iROMagar™ ECC media
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(CHROMagar, Paris, Francdjscherichia coli 0157:H7 specific media was made using
CHROMagar™ 0157 (CHROMagar, Paris, France) at 4 gA. ratio.

Agar was poured into petri dishes (100 x 15 mm,R/\Nternational, West
Chester, PA, USA) making approximately 20 petrhd&®500 ml media. Petri dishes
were divided into thirds and appropriately labéfi@dthe specimen. Working under
sterile conditions, forceps were flame sterilizethg 95% ethanol (EtOH) and cooled
prior to touching the cockroach to be plated. Dioasa ventral sides of each cockroach
were plated within their designated areas. Oncedlekroach was plated it was moved
to an isolated area, the forceps were sterilizatgute aforementioned flaming
technique. The process was repeated fdP.americana collected.

Escherichia coli samples plated on CHROMagar ECC and CHROMagar 0157
were incubated in a Percival Environmental Chanibedel I36LLVL (Percival
Scientific, Inc., Perry, IA, USA) at 3T for 24 — 48 hEscherichia coli colonies were
counted by placing each plate on a white sheeapép(21.6 x 27.9 cm) after
incubation. Blue colored colonies were identifisdEacoli, red colonies were coliform
forming bacteria, and colorless colony forming anitere non-coliform forming gram-
negative bacteria and counted. Screenind:faoli 1057:H7 followed the same
technique, but with positives indicated by a macweleration

Colonies that were positive f&: coli were stored in sterile 1.5 ml microtubes
with snap caps (VWR International, West Chester, B8A) in a 60% Tryptic soy agar
(Fisher Scientific, Pittsburg, PA, USA)/40% glyce(Fisher Scientific, Fair Lawn, NJ,

USA), and frozen at -8C, according to Hanahan et al. (1995).
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Screening forCampylobacter species Activity.Campylobacter specific media
was made using the following recipe: 25 ml of defiated sheep blood (Colorado
Serum Co, Denver, CO, USA), 1 tube of antibiotierpix, 21.5 g BBL™ Brucella agar
(BD, Becton, Dickinson and Co., Sparks, MD, USAj)d &00 ml distilled water.
Antibiotic premix was made by suspending 159.0 negt@alothin (MP Biomedicals,
LLC., Solon, OH, USA), 50.0 mg Trimethoprim LactéResearch Products
International Corp., Prospect, IL, USA), 100.0 man¢omycin hydrochloride (Acros
Organics, Morris Plains, NJ, USA), 3.22 mg PolynmyBi (InvivoGen, San Diego, CA,
USA), and 20.0 mg Amphotericin B (Acros Organicxris Plains, NJ, USA) into100
ml distilled, sterile water. The total antibiotiogmixture was divided into 20 tubes each
containing 5 ml aliquots, covered with parafilm (Ancan National Can™, Greenwich,
CT, USA), and stored in a -20 freezer.

Agar was poured into petri dishes (100 x 15 mm,R/\Nternational, West
Chester, PA, USA) making approximately 20 petrhd®500 ml media. Petri dishes
were divided into thirds and labeled for the appiaip specimen. Working under sterile
conditions, forceps were flame sterilized using 9¥%anol (EtOH), and cooled prior to
touching the roach to be plated. Dorsal and vestdas of each cockroach were plated
within their designated areas. Once the cockroaahplated it was moved to an isolated
area, the forceps were sterilized using the afontioreed flaming technique. The
process was repeated for Rllamericana collected.

Campylobacter spp. specific media was grown in an anaerobicrenment for

96 h prior to checking for growth. An anaerobic ieowment was achieved by placing a
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BD BBL ™ CampyPak ™ Plus Microaerophilic system e&ope with Palladium
catalyst (Becton, Dickinson and Company, Sparks, MBA) in an acrylic canister
(17.8 x 12.7 cm, Oggi Co., Anaheim, CA, USA) witklaome locking clamp with a
silicone gasket that sealed air tiggampylobacter spp. selective media were removed
from the anaerobic environment after 96 h follovsgddentification and prevalence of
colonies.

Campylobacter spp. colonies were frozen at °80in a Tryptic soy agar and
15% (wt/vol) glycerin solution in sterile 1.5 ml enotubes with snap caps following the
methods of Wasfy et al. (1995).

Koch'’s Postulates ExperimentsField collected cockroaches were plated on
CHROMagar ECC and CFU counts were made after &bbkroaches were sterilized
by shaking individuals in 20 ml of 95% ethanol fomin; the cockroaches were plated
on CHROMagar ECC and CFU counts were made aftér Edcherichia coli
ATCC25923 cells suspended in sterile saline undetrae 0-fold serial dilution until
log-5. Cockroaches were inoculated with 1 ml aligueind plated. CFU counts were
made after 24 h.

Statistical Analysis JMP Statistical Discovery software version 5.A%S
Institute Inc., Cary, North Carolina) was usedtfor analysis of all results. Oneway
ANOVA, o = 0.05, was performed to analyze the mean totaliladtion numbers
collected and quadrant counts. A linear regressien(.05, was performed to determine
the correlation between mean temperatures and pogariation totals collected.

Oneway ANOVA,a = 0.05, was performed to analyze the mean nunfdescteria



51

colony forming units foE. coli, coliform forming gram-negative, and non-coliform
forming gram-negative, and quadrant counts. Oned@VA, o = 0.05, was
performed to analyze the mean number of bactet@gdorming units foik. coli,
coliform forming gram-negative, and non-coliformmfang gram-negative; population

stage of development; and quadrant counts.

Results

Cockroaches (N =687) were collected from four glesied areas, north,
central, south and west, from the Texas A&M Uniitgreampus College Station,
Texas, Figure 4. The mean number of cockroachéscted from Jan—May 2008 was
3.67 £ 4.23 total (3.10 £ 3.31 nymphs and 0.56/hdults). The north quadrant had
the lowest mean of cockroaches collected with 860 total (1.86 £1.25 nymphs and
0.00 £ 0.65 adults). The central quadrant had anmé&2.21 + 1.13 cockroaches with
2.14 + 0.88 nymphs and 0.07 £ 0.46 adults. Thehsquadrant had a mean of 4.05 £
0.94 total (3.25 = 0.74 nymphs and 0.80 * 0.39tgjlul'he mean number of
cockroaches collected in the west quadrant was# 280 total (5.86 £ 1.25 nymphs
and 1.43 = 0.65 adults). There was no significafieér@nce F = 2.746; df = 4, 160P =
0.0542) between population means within quadrardglf, central, south, and west).

The mean number of total cockroaches from eachitwtaan be seen in Table 5.
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Figure 4. The Texas A&M University campus, Collegé&tation, Texas, divided into four areas, north (redl central
(orange), south (green), and west (white), used feampling cockroach populations. Images taken frorboogle™
Earth Plus v. 4.3



Table 5. Mean number of total cockroach populatiorcollected in each quadrant
(north, central, south, and west) othe Texas A&M University campus, College

Station, Texas

Quadrant N Mean * Std Errdr 95% Mean
Upper Lower
North 35 1.86 +1.60 a -1.36 5.08
Central 35 221+123a -0.06 4.49
South 78 4.05+0.94 a 2.15 5.95
West 17 7.23+1.60 a 4.07 10.50

& Same letters following means within the colummeweot significantly different
(P < 0.05, Tukey-Kramer HSD).
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Table 6. Positive rates of bacterialE. coli, coliform forming gram-negative, and
non-coliform forming gram-negative) prevalence forP. americana populations
collected on the Texas A&M campus, College Statiod,exas, as categorized by
building function

Building Type Cockroach Populatién

Administration 4271687
(62.2%)
Lecture Building 103/687
(15.0%)
Dining Hall 2/687
(0.3%)
Water Tower 751687
(10.9%)
Garage 80/687
(11.6%)

& Percentages based on the number of cockroachested at each building type

compared to the total number of cockroaches ceiteiom Feb 2007-May 2008.
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There were five categories (Table 6) for the buaiddand/or structures from
which cockroach populations were collected adjat®radministration (primarily
offices, some classrooms, and vending machinegyrke buildings (primarily lecture or
research areas, some offices, and vending machdaies)g halls (food establishments
on campus with the primary purpose of food and taye distribution); water tower;
and garage. The prevalence of bacteria on cockesdan each building type indicated
that administration buildings had the highest pesitate of cockroaches, while the
dining hall maintained the lowest rate of prevatenaoP. americana populations.

Comparing the temperature to number of cockroacbiscted indicated no
significant differenceR = 0.383; df = 5, 333 = 0.5372) between the total population
means and the mean temperature (Table 7). Theraavesrrelation between mean
temperature and total cockroach population mealtscted for College Station, Texas
locations including the quadrants designated ol th@as A&M University campus.

R? values for north, central, south, west and Coll®ggion, Texas populations were,
0.14, 0.18, 0.07, 0.10, and 0, respectively (Table

Koch’s postulates tested during this experimesilted in a Rvalue of 0.932.
The prevalence of the bacteria isolated from totglulations collected indicated a high
prevalence (92.3%) of bacteria on the exoskeletdh americana (Figure 5). Bacterial
screening foE. coli resulted in a significant difference € 2.468; df = 4, 694;

P = 0.0437) between quadrants (Figure 6). Thereako cockroaches that after plated

had too many bacterial colony forming units to doime north quadrant hadEl coli,
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Table 7. A linear regression determined the correl@gon between total cockroach
populations compared to the mean temperature of claction dates, for all
guadrants on the Texas A&M University campus, Collge Station, Texas in
addition to undisclosed locations from College Stain, Texas not found on campus

Location® N Mean + SP Slope R
North 35 3.34+344 a y =0.03x + 0.15 0.14
Central 35 4.29+5.04 a y =-2.04x + 0.29 0.18
South 78 447 +3.93a y =3.18x + 0.06 0.07
West 17 441 +6.23a y =5.04x - 0.03 0.10
College Station 37 1.00£0.00 a y=1x+0 0

& Collections from north, central, south, and weste quadrants on the Texas A&M
University campus, College Station, Texas, andégellStation specimens were from
undisclosed locations in College Station, Texas.

P Same letters following means within the colummeweot significantly different
(P < 0.05, Tukey-Kramer HSD).
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7 coliform forming colonies, and 0 non-coliform feing colonies. Central quadrant had
4 E. cali, 2 coliform forming colonies, and 5 non-coliformrming colonies. The south
guadrant had the most with E8coli, 14 coliform forming colonies, and 11 non-
coliform forming colonies. The west quadrant ha @oli, 2 coliform forming colonies,
and 1 non-coliform forming colony. Various locatsoim College Station resulted in O
plates with too many to count (Table 8). Coliforonrhing bacteria were significantly
different F = 24.728; df = 4, 669 < 0.001) between quadrants, while non-coliform
forming gram-negative bacteria had no significaffecence £ = 2.0573; df = 4, 680;

P =0.0848) (Figure 6).

There were no significant differende € 0.0420; df = 2, 2092 = 0.8379)
between adult and nymph stages of cockroachesctadleompared to number of
bacterial colony forming units &. coli (Table 11). There were no significant difference
(F =3.0748; df =2, 2162 = 0.0809) between adult and nymph stages of cackies
collected compared to number of bacterial colomynfag units of coliform forming
bacteria. There were no significant differeneée=(0.0003; df = 2, 21& = 0.987)
between adult and nymph stages of cockroachesctadleompared to number of
bacterial colony forming units of non-coliform fommg bacteria plated (Figure 7).

Screening foE. coli 1057:H7 andCampylobacter spp. yielded no positive

colony forming units for all of the samples screk(é = 724).
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Table 8. Prevalence of cockroach specimens plateat fE. coli, coliform forming
gram-negative, and non-coliform forming gram-negatve that resulted in too many
bacteria colony forming units to count for cockroaties collected on the Texas A&M
University campus, College Station, Texas and varnis undisclosed locations in
College Station, Texas

Location® E. coli ° Coliform Non-coliform Total
(G-) (G-)

North 1/104 7/104 0/104 8/104
(.009%) (.067%) (0%) (.077%)
Central 4/155 2/155 5/155 11/155
(.026%) (.013%) (.032%) (.071%)
South 28/354 14/354 11/354 53/354
(.079%) (.040%) (.031%) (.150%)

West 0/74 2/74 1/74 3/74
(0%) (.027%) (.014%) (.041%)

College Station 0/37 0/37 0/37 0/37

(0%) (0%) (0%) (0%)
Total 33/724 25/724 171724 751724
(.046%) (.035%) (.023%) (.102%)

& Collections from north, central, south, and westenguiadrants on the Texas A&M
University campus, College Station, Texas, andégellStation specimens were from
undisclosed locations in College Station, Texas.

P Percentages based on the number of specimensoeithany bacteria colony forming
units to count compared to the total number of spews collected from each location.
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Discussion

The purpose of this study was to determine the atnand viability of bacteria
harbored byP. americana in an outdoor, urban environment by observing comigmn
occurring and ubiquitous examples suclitasoli andCampylobacter. The Texas A&M
University campus provided an ideal location todumet this experiment due to the
familiarity of the structures, buildings, and roadws. Outdoor collecting sites on
campus provided insight into American cockroachysagon within an artificial
environment. Outdoor locations were chosen becAossican cockroaches are
considered peridomestic pests and traveled frestlyden indoor and outdoor locations.
Also, limited building access at times when cocktas were most active (at night)
made it difficult to maintain a regular collectisghedule of indoor facilities.

Cockroaches have increased activity when mosteobthldings on campus were
either unoccupied or closed. This implies that coakhes can move within a building
with limited restrictions, including foraging aredmt are important in food preparation
and handling. The south campus was interestingt® Imecause it was the only quadrant
that had sampling near a dining hall and as seedehsity of cockroaches was the
lowest at this location. The low population numbawald result from effective and well-
maintained control strategies, or the facilitiedaars provide adequate food, shelter, and
water thus eliminating the need for cockroachdsitage in outdoor locations.

This study is the first to focus on population dees and bacteria associated
with P. americana on a major university campus in the United Stdtksnerous studies

have collected cockroaches in urban situationstymitally inside schools, hospitals,
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and homes. Granovsky (1983) suggested trapping irateeased when the external
surfaces of the collecting jar were coated withds&@nollecting containers were placed in
discrete locations and areas that could not béyesestn by the public, because the
disturbance of collecting jars could alter the dapan numbers. During the course of
this study, only a single site lost a jar by thikoflwing morning, because they were too
visible and accessible to the public due to thegation next to a busy roadway. Also,
there were times when a single jar was knocked datvensite because of via weather,
wildlife or other unforeseen forces. A singlelp@ing knocked over occurred nine times
over the duration of this study.

Other factors that were not considered prior téectihg was the presence of
feral animals on campus, including but not limitedrogs, snakes, cats, skunks, and
opossums, with the latter three possibly consurbnegd from the collecting jars. The
only known incidence of wildlife having a known i@t on the number of cockroaches
collected occurred on west campus at the Kolduis drarth) collecting site. A skunk or
skunk surfeit had burrowed under the concrete ¢ty the collecting location. It is
uncertain how long the animal(s) resided at thigafimn, but on an early collecting trip
on 18 April 2008, their presence was made awarerAlfat day, the number of
cockroaches from that site declined. Skunks arevknmarnivores but have been found
to feed on insects when available (Crooks and Varel 1995). It was not known what
caused the decline in the population. It may haenlihe skunk which had access to a
steady supply of cockroaches as a food sourcesnay have been a normal population

fluctuation due to the season and weather varigbili
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Collecting jars were also placed near areas whigimtained requisites of life
such as food, water, and shelter. Jars were typigkced adjacent to a concrete or
brick barrier such as a wall, stairs, or a struetmclosing a flowerbed. When foliage,
typically ivy, was present, the collecting jars e@taced below the surface of the
foliage and adjacent to the structures. Observatioade throughout the study indicated
a high occurrence of cockroaches in ivy beds. Thsanry structures coupled with ivy
or other plant life may have provided adequate @y for cockroaches to move
without the threat of predation and with increassds of foraging success. Also, the
masonry and concrete structures may have providedtdicial heat source; thus,
cockroaches could move next to buildings and fofagextended periods of time when
temperatures were less than ideal than if they ¥ogegying in exposed environments.
Lin et al. (2007) demonstrated in Taiwan that leedput by concrete is stronger in the
winter months, with a mean temperature of 1422&ut the surface temperature of the
material correlated with ambient temperature. Tirgewr months in Taiwan are
representative of the subtropical climates whighrauch higher than the temperatures
of winter period in a temperate area such as Td&ased on observations during this
study, populations collected in areas with a caredparrier and foliage maintained
higher population than those sites without sualcstires.

Over the duration of this study, it was interestiagnote the lack of cockroach
species diversity being attracted to the collectrags. There were thr&eriplaneta
fuliginosa (Serville) (Blattodea: Blattidae) collected amanggherP. americana

species. There were foBr germanica collected during the study near a residential
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building on campus, but they were not intermingleth American populations. This

was unusual, since German cockroaches are typicalbor pests. It is possible that
there was a large population surge that could ngdobe maintained by the area, or that
there were not enough food resources in the bgldtither situation could lead
cockroaches to forage greater distances, thus guitsgde to find adequate food
sources. It is unknown which situation forced Garmmackroaches outdoors, but it was
unusual foB. germanica to forage outdoors.

There was no significant difference between calbgcsites in each quadrant and
population ofP. americana collected. Specific areas of campus did appewgietd
higher populations based on observational expeziebategorizing the collection sites
on a university campus into specific types sucfoad establishments, residential or a
hospital areas is difficult because most buildimgdude various types of establishments
within a single structure. Buildings on campus liguaclude food resources like
vending machine, coffee bar, full-scale dining ateeture hall, and residential areas.
Residential buildings on campus contained food bseghey serve as the primary living
guarters for many people on campus.

The administration buildings maintained the higleagtloor populations, while
dining halls had the least number of cockroachdieated. The dining halls may have
had adequate control methods in effect to effityer@duce population numbers.
Alternatively, there may have been sufficient reses inside the buildings which failed
to drive populations outside to forage. Contrahtgtgies may be less stringent in areas

where food preparation is not the primary focushsas in administration and lecture
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buildings. Haines and Palmer (1955) determinedRhainericana was a predominant
species in sewer systems with low population dessihdoors and around the home;
although the restrooms of indoor facilities main&l the highest population numbers.
Overall, the building type does not play a sigrmificrole in the population densities of
cockroaches. The assumption can be made thatiie aaplies for an area such as a
university where cockroaches were ubiquitous ineiinaronment.

Pai et al. (2003) determined that adult populat@ii’. americana andB.
germanica were significantly higher than nymph populationfiected in hospitals,
which fails to correspond with data found in thisdy. There were no significant
differences between adult and nymph populationiecad around campus. This
difference between studies may result from a ddffee in collection techniques or that
the Pai et al. (2003) study was conducted inddBs) a single structure (hospitals)
type, while the current study exploited varioudexing locations and their outdoor
structures. No significant difference between adaotl nymph collections may have
indicated a well-established population on campasyell as a lack of control methods
to reduce nymphal population numbers, or there logag naturally higher frequency of
nymphs during the collecting periods.

American cockroaches can take up to one year thnesturity, and can live up
to three years. Their indoor counterpart, the Garowckroach, can reproduce several
times a year, and has a lifespan of 200-300 d é8a2004). It appears that integrated
pest management strategies are not reaching bgeaddior foraging sites on a routine

basis. The lack of a maintained control schedulgccmdicate why there were various



67

ages of cockroaches (nymphal instars to adult$dated on a consistent basis from all
locations throughout the collection period.

The effect of temperature on population numbersimg®rtant to consider
because it was generally assumed between 40;38&sulted in a decline of cockroach
activity, thus influencing the numbers acquiredingicollecting periods (Murphy and
Heath 1983). There was no difference between nexapdratures and the total
population means collected. This implied that oléeanperature does not play a
significant factor, population means collected doservation data suggested at lower
temperatures (<£Q) population means were different from populatiookected at
higher temperatures. This corresponded with Muigoiy Heath (1983) concerning
cockroach activity and temperature.

Prior to collecting, it was hypothesized that pepioin means would increase as
the temperatures rose. The lack of a relationsbigden temperature and population
indicated another factor may be influencing popaiet that were not accounted for
during this study. Cockroach populations, basedliservational data decreased, when
the minimum temperatures at night were cooler.

Ambient temperatures in Texas fluctuate betweereDer and May because of
seasonal transitions. The collecting period folldvaa erratic pattern with rising and
falling temperatures, coupled with periods of ismainfall. For example, during the
last five days in February there was a day witigh bf 29°C followed by a low of -iC
two days later. The rapidly changing temperatutesyl influence foraging behaviors

and overall activity. Traps used during this expemt were not designed to collect
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specimens during rainy conditions, thus populatiombers were minimal during these
time periods. Based on observational data, daysmaibfall had lower numbers of
cockroaches collected than days without rainfall.

Spatial distribution of natural population is tyaglly patchy. Resource levels
fluctuate over time in individual locations, thuspulation numbers will also change
over time indication a patchy distribution (Rougidgn 1977). Population fluxes are
normal because collecting cockroaches from outsake coincidental with weather.
Sometimes there is an abundance of cockroachesingk location, and the next day
there may be none at the same location. Populatioges may result from rainfall, food
availability, an overabundance of water in sewsteys, and/ or external weather
conditions. There is limited data correlating thwenter of cockroaches collected from
outside populations and weather conditions.

Establishing bacteria amounts carried by cockroaehanportant because they
can act as potential disease agent carriers. tipannd Moxon (1997) defined virulence
as the capability of organisms to infect or damikgehost. Virulence and
transmissibility has been theorized in vertebraienals, including humans, in which
virulence and transmissions of pathogens may ndireetly related (Lipsitch and
Moxon 1997). The pathogen may be in a different pba host body than where
symptoms are being displayed. Symptoms may rasplaits of the body not in the path
of the organisms, and symptoms may result fromrtimune response of the host to the
threat of pathogens instead of the presence adheal pathogen (Lipsitch and Moxon

1997). This theory of unrelated virulence andsmarssibility may not apply to
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invertebrates in the same methods as it appliesrtebrates. The exoskeleton of insects
provided protection against invading organisms,dbstb provided surfaces on which
pathogens may reside. Harboring pathogens on tieg@xportion of the body may
increase the potential of viability of pathogensljke vertebrates where pathogen entry
into the body occurs with few barriers. It may bi&acllt to determine which
cockroaches are diseased because pathogens raeppestunity to enter their body
because of the exoskeleton, thus the physiologybehdvior of the insect may not be
influenced.

Escherichia coli andCampylobacter spp. are common bacteria that cause gastro-
intestinal illnesses in humartsscherichia coli was prevalent on surfaces contaminated
by fecal matter and can last anywhere from 1.5 Imb6n dry, inanimate surfaces
(Kramer et al. 2006). Scott and Bloomfield (1996)atminecE. coli remained viable on
laminate surfaces up to 4 h, and that the baatendd transfer from contaminated
surface to other objects such as fingertips, stagmbteel, or cloth. Bacteria transfer
occurred at the highest rate when a contaminatgepf cloth contacted fingertips,
after contack. coli was detected up to 48 h after initial contact (Saond Bloomfield
1990). Kitchens maintained the highest numbels. @bli resulting in part from poor
sanitary habits after handling contaminated foad$ s chicken. Cockroaches, if
indoors, are prone to walk across surfaces that baen wiped down by a potentially
contaminated cloth. In outdoor environmeiiisgoli has been found to survive up to 20
d the wood shavings of a farm structure (Balelet983). Indoors, the organisms were

detected up to 21 h on a contaminated piece ofr8pade et al. 1993). Due to their
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ubiquitous nature, cockroaches can acquire badtenamost surfaces in-or-out of
doors, so long as bacteria are present in thea@mwvient. Cockroaches can act as
potential carriers of pathogens in the surroundireas.

Contamination rates of cockroaches compoundedtiwvdin gregarious behavior
could provide a mode for pathogens to spread tases having direct contact with
food. During this study, 51.7% of all cockroachegpped were contaminated wih
coli. This was the lowest percentage of positive actaut of all the cockroaches
screened for colony forming units. Despite havimg lbwest percentage of prevalence,
one out of every two cockroaches on campus wagingtE. coli. A comparison was
made to determine if the life stage (adult or nyinplade an impact on bacteria
associations with the cockroaches and found tleebe tho significant difference.

Escherichia coli can be found on both internal and external susfate
cockroaches (Rivault et al. 1994). The currentystta@hcurred with the Le Guyader al.
(1989) study of gram-negative bacteria amount$aving a significant difference
between adults and nymphs. Despite the stigmaakroaches being filth laden, Bell et
al. (2007) indicated cockroaches spending at lea§of their time grooming and
removing foreign objects from their body. The amoafitime spent cleaning is
inadequate because of contamination of the hadmithe capability to become re-
inoculated with pathogens present in the envirorimiére ability to harbor bacteria on
internal and external surfaces provides multipl@nseof pathogen transmission. In
addition to direct contact with surfaces, cockracban disseminate internal organisms

via defecation and/or regurgitation.
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Compared to previous studies made indoors, theepcesof bacteria on
cockroaches appears to correlate with other stwdiispositives rates of bacteria in
Ghana, France, and Taiwan (Agbodaze and Owusu F8&ult et al. 1994, Pai et al.
2004). Overall, 92.3% of cockroaches collected fartdoor locations on campus
carried gram-negative bacteria on their cuticulafexes. When compared to another
pest cockroach, the German cockroach, Pai et@d5)2determined there was no
significant difference betwedh americana andB. germanica incident rates of positive
growth of bacterial colonies on the integument dredgut. AlthoughP. americana had
significantly higher rate of gram-negative colonileanB. germanica (Pai et al. 2005).
Periplaneta americana can harbor more gram-negative bacteria from oetsairces
such as sewage, soil, contaminated water, and garbearB. germanica acquires from
inside sources.

A previous study indicated cockroaches harboretebacpresent in the
surrounding environment, as opposed to introducewg pathogens into the
environmental fauna (Rivault et al. 1993). Durthp study, it was assumed
cockroaches were mechanically transmitting pathegéained in the environment and
were capable of traveling while harboring thesadrsr. Koch’s postulates were tested
and demonstrated the ability of cockroaches tostearbacterial species. This creates a
public health concern if cockroaches inoculatedhwicteria from outside migrated
indoors and transmitted pathogens to sterile sesfaguch as areas in the kitchen.
Chaichanawongsaroj et al. (2004) indicaedoli levels on cockroaches coincided&o

coli levels in the environment. Buildings with the mtwsteast amounts of bacteria were
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as follows: hospitals, food establishments, andlessial areas thus cockroaches in
hospitals maintained the highest level&otoli (Chaichanawongsaroj et al. 2004).
Rivault et al. (1993) discussed that not all baaterould be able to survive on surfaces
that a cockroach made contact with. Under propeditions such as proper humidity,
specific bacteria species can develop at succasdtd. Specific food items can provide
bacteria with enough nutritional resources and klitynto grow. This causes concern
because food that is eaten raw such as fruits taklgs, pastries, and breads may be
cross-contaminated with disease-causing organiaftes. retrieving traps, it was
interesting to note the condition of the breadankejar. Traps containing cockroaches
usually had bread that appeared to be moldy or hkagk or green spots on it while the
bread in jars without cockroaches lacked theseottisations.

Kopanic et al. (1994) determined a single cockraamttaminated with
Salmonella typhimurioum could infect up to ten other cockroaches with@dehour
period in a 1.1 L jar. Theoretically, a single coxch can contaminate an entire area
given an adequate period of time. In the currard\stthe time when each cockroach
entered the collecting vessel is unknown, thus ntakie rate or occurrence of cross-
contamination difficult to determine. Kopanic et @994) previously studied
cockroaches with known inoculated amount placed @tontainer which resulted in
variable rates of cross-contamination. During gtigly, the collection jar was 2.3 times
larger than the container used in the previousystaiid cockroaches were in traps for
half of the duration of the Kopanic et al. (199%)dy. Therefore, cockroaches in this

study may have all been exposed to limited crosgacoination. Data indicated bacteria
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were present on a single roach while other cockr@s} were absent of the bacteria
within the same jar.

An alternative may be that under stress the cockemdefecated or regurgitated
food into the slurry of bread-beer mixture, thugyading a solution for the remaining
cockroaches to become cross-contaminated with ti@étem other cockroaches. A
downside to the methods used for this experimestthvat all cockroaches from each
individual jar at each site were placed in a sinéestic container prior to freezing. This
may have provided another means of cross-contaimmatotential spreading of
pathogens among the specimens may have been pdvkaach cockroach was stored
in individual containers. It would be unrealistar fa single person to collect each
cockroach individually as it was trapped at altlo# locations. The methods described in
this paper were sufficient to determine populatiambers and bacterial counts with the
least amount of cross-contamination possible.

Data indicated that collection locations were digantly differentE. coli,
coliform forming gram-negative bacteria were sigrahtly different while there was no
significant difference between non-coliform formiggam-negative bacterial species and
collecting locations. It was interesting to notdatences among collected populations
and prevalence of bacteria, despite collecting $igng up to 1.44 km apart. A
significant difference may indicate the environmehvarious collecting locations
having differing compositions of bacteria. It issgble that the values f&: coli were
not significantly difference for each quadrant etteough the p-value indicated a

significant difference. There were 75 specimensiésulted with too many bacteria
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colony forming units to count. These numbers showldhave affected the overall
significant difference between populations, quatiiaand bacteria species because the
number of too many to count bacteria colony formings were proportional to initial
rates of prevalence among populations collectedaompus. Populations collected in the
south quadrant had significantly different numhbarE. coli colonies when compared to
other locations. It was interesting to note thé& tas the only location that was
collected near a garage. No differences for noiferal forming gram-negative bacteria
among collected populations implies that cockroaghay have obtained bacteria from
common means throughout campus, such as soil ithatverbeds or a common water
source any of which may have been contaminatedhwatheria.

A common water source that may have been easibsatie to all specimens is
through the sewer systent®riplaneta americana may have traveled from one area of
campus to another through various methods of tiatesjoon, including but not limited
to steam tunnels, vehicles via infested materalphysical movement by individual
roaches. Cockroaches are capable of migration dyyngk movement, climbing vertical
surfaces, swimming, and some limited flight capaéd (Bell et al. 2007). Jackson and
Maier (1955) determined through capture and releaperiments that cockroaches
could travel through the sewer up to 107 m. Disglezan occur rapidly because
cockroaches are capable of traveling at speedgtdfl5 ms on a horizontal plane and
can become bipedal at their highest speeds (FdITanL991). It is possible cockroaches

remained in locations until resources were deplatetithen dispersed in search of food.
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Nocturnal habits of cockroaches allowed efficiemund movement but not
without the threat of predation by nocturnal wileliSafer dispersal methods could be
achieved by traveling through sewer systems. Imtally, sewers are ideal locations for
acquisition of pathogens by cockroaches. Also,esttg] faculty, staff, and visitors may
unknowingly transfer cockroaches and/or ootheazete locations from other residences
or buildings. Increased populations resulted imnareased potential to infest new areas,
hence establish new sites for pathogen acquisatnohdispersal.

Several other studies agitated collected cockraarhgaline and used the
solution to plate and determine bacteria numberethbtls used during the current study
directly plated cockroaches onto media. Humphreat.€tL995) determined that directly
placing samples on media would increase the rapeesalence as opposed to placing
the samples into a diluent. Direct plating may icgte what happens outside of
laboratory conditions in a more realistic mannedoes not seem feasible that
cockroaches will be shaken in a solution and thersblution be poured onto a food or
food preparation area. Cockroaches typically wakkrsurfaces or may stop to feed on a
food resource, thus inoculation periods vary framface to surface. Direct plating may
replicateP. americana cuticle indiscriminately contacting surfaces arithihe possibly
of pathogen transmission.

All specimens collected were negative Eorcoli 0157:H7. Presence of this
pathogen usually occurs in livestock area becaatke @and sheep act as reservoirs for
the pathogen (McGee et al. 1997). There were ratitmts on campus that housed

livestock which were regularly sampled for cockio@opulations. This may have
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contributed to why there were no positivesEorcoli 0157:H7. AlthoughE. coli
0157:H7 has been found on vegetables and soft elseet as feta (Ramsaran et al.
1998, Michino et al. 1999scherchia coli 0157:H7has also been found viable on dry
surfaces such as stainless steel and was detgrted0 d after inoculation (Maule
2000). Due to pathogenicity of the organism, negatesults on all of the specimens
tested were an optimal result.

Campylobacter spp. is normally found in the intestinal gut ofraals and
humans. It has microaerophilic properties which engiowth of the organism
susceptible to desiccation from oxygen. Altekruisal.(1999) determined that survival
of the organisms outside of the gut is poor. Unfalste conditions can result in
Campylobacter spp. to enter a stage where it is viable but nibtm@ble (Murphy et al.
2006). During this state, the organisms change therphological characteristics from a
spiral to a coccoid, but it can still result inesfions and can colonize a host gut
(Murphy et al. 2006). Growth in substances suclatsr, litter, and feed are typically
not common in ambient temperatures because ofdsiechtion associated with being
exposed to atmospheric oxygen (Sahin et al. 2002nsmission o€Campylobacter spp.
to humans occured through consumption of underembokeats such as beef, pork, and
poultry or consumption of contaminated water sosimenon-pasteurized milk (Sahin et
al. 2002). The bacteria are sensitive to dryinganat when suspended in a liquid that
has been allowed to drampylobacter spp., will not be detected after four hours
(Humphery et al. 1995). Although, if the organissié a solution such as blood, it will

test positive after four houfslumphrey et al. 1995). Chynoweth et al. (1998)
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determinedC. jgjuni could grow in sterile stream water under aerobieddtions for up

to 55 d.Campylobacter spp. have been found on stainless steel, cerdmicatton
dishtowels, and other surfaces commonly assocwitiofood preparation situations for
over an hour (Yan et al. 200%)Jampylobacter infections can result from surface water
being contaminated by fecal material or throughaggwcontamination (Murphy et al.
2006).

The cockroaches in this study failed to have argitppe rates of prevalence
when screened faZampylobacter spp. The organism does not grow at temperatures
below 36C, which could indicate why there were no positifleark 2002).
Susceptibility to cooler temperatures and expotuaxygen makes it difficult for
Campylobacter spp. to successfully grow outside of a host bbeyce was a possibility
as to why there was no positive colony forming.

Overall, this study displayed the wide distributmfrcockroach populations on
campus and their ability to indiscriminately inhadnieas within an urban environment.
Pathogen acquisition and dissemination of gram-tneghacteria, such ds coli, was
prevalent on campus but without detection of tlgdlyi pathogenic strain d&. coli
1057:H7. Also, there was a lack @ampylobacter spp. growth from cuticular plating

which may have resulted from undesirable conditi@ggiired to sustain colony growth.
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CHAPTER IV

DISCUSSION AND CONCLUSIONS

The purpose of the first portion of this study wasnalyze the spatial
distribution ofP. americana populations in an outdoor, urban environment and
determine gene flow among the population. Thisystietermined genetic variability
amongP. americana collected on a major university campus. The l@&foreof the gene
was initially chosen as the amplification sitedemtifying variability among cockroach
populations. 16S gene regions are commonly amg@ldigring termite studies failed to
amplify and thus there was no discernable diffeagion between individuals. The ITS1
region was chosen for amplification because thexe no successful amplification at the
16S gene region. The current study demonstrateel fi@n within populations oP.
americana based on differentiation identified from the IT&bion.

Among the 52 sequences amplified there were 22ohay@s indicating a high
amount of variation in the population. Haplotypsslated during this study will be
made available on Genbank. TCS spanning tree asadigntified discrete lineages
from nuclear markers which demonstrates interbregdf P. americana populations.
The lack of population structure was reconfirmecdbighbor-joining and Bayesian
phylogenetic analyseBeriplaneta americana samples from Bryan, College Station,
Hempstead, and Pleasanton, Texas were in a silagle imcludingP. americana

sequence obtained from Genbank (AF321248). SampRsfuliginosa were in a
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separate clade along with the sequences from GkribaaP. fuliginosa (AF321250)
andP. brunnea (AF321249) supports species identification witis timarker. Comparing
the 52 sequences amplified to 22 haplotypes suggdsgh amount of variation in the
population based on nuclear markers. Genetic vami&iased on spatial distribution of
P. americana populations indicated the success and abilityreé8ing with
independence with the individuals collected on casnpence representing a free-living,
interbreeding population.

Genetic variation of populations occurs throughagendrift, genetic flow,
natural selection, and founder effects (Slatkin7Z)98enormand (2002) determined
gene flow limited adaptation of genes to speciications because new genes from
outside sources prevent loci from becoming fixethmenvironment. Introduced genetic
material adapted for survival in a particular eamiment can differ from the population
from which it emigrated, thus preventing speciattengene flow (Slatkin 1987). Gene
flow acts as an indirect method of determining nrmgat within a population.

This study is the first to date using nuclear meske identifying spatial
relationships and gene flow amoRgamericana populations on a university campus in
North America. Future studies may analyze a broeatege of genes including
mitochondrial DNA to determine distinct lineagesnied by mtDNA. Also, analyzing
gene flow at various sequences may determine a coon@rehensive evolutionary
lineage of divergences in cockroach populations. sudy is a step towards the in-
depth analysis of the phylogenetics of cockroachbe.data obtained during this

experiment can contribute a small portion to therall analysis of a comprehensive
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phylogenetic study of cockroaches. There was arfato reject the null hypothesis for
the first objective of this study because there m@significant difference in the genetic
make-up of field collecte®. americana samples from locations in central Texas.

The second objective of this study determined theumt and viability of
bacteria harbored . americana in an outdoor, urban environment. There was no
significant difference between collecting sites aogulation means ¢&. americana
collected. Based on observational experience, Bpaceas of campus appeared to yield
higher populations. No significant difference betweadult and nymph populations may
have indicated a population that is well establistve campus, as well as the lack of
control methods implemented to reduce populatianlmers. Cockroaches are virtually
ubiquitous in urban environments. Overall, the fiorcof buildings adjacent to
collection locations did not play a significanteoh population densities of cockroaches.
There was no correlation between temperature arah pepulations (total, adults, and
nymphs) when analyzed. Thus affirming populatiooiected are not correlated to
mean temperatures.

Establishing bacteria amounts carried by cockroaehanportant because they
can act as potential disease agent cariiescherichia coli andCampylobacter spp. are
common causes of gastro-intestinal illnesses indmsmDespite the stigma of
cockroaches being filth laden, Bell et al. (200#plicated cockroaches spending at least
half of their time grooming and removing foreigneatis from their body. The amount
of time spent cleaning is inadequate because gfdlieogen contamination rates of in

the areas cockroaches frequent and their abiligatly become re-inoculated.
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Therefore, cockroaches can mechanically transfiiogans present in the environment.
The ability to harbor bacteria on internal and exaésurfaces provides multiple means
of pathogen transmission. In addition to directtaohwith surfaces, cockroaches can
disseminate internal organisms via defecation anéfurgitation.

Data indicated when collection locations were caraf to bacteria amounts
there were significant differences between locatiandE. coli; there were significant
differences between locations and coliform formgngm-negative bacteria; and there
were no significant differences between non-cafifdorming bacterial species and
collecting locations. It was interesting to notetbsignificant differences and no
significant differences among collected populatiand prevalence of bacteria, despite
collecting sites being up to 1.44 km apart. Noed#hce among populations could
demonstrate cockroaches obtained bacteria fromvansal substance used throughout
campus, such as soil or a common water sourcepfamitich may have been
contaminated with fecal material. Sewer systerasasily accessible to specimens
throughout campus and may have been a source tamoration.

Cockroaches are capable of migration via groundemant, climbing vertical
surfaces, swimming, and they have some limitedhflapabilities (Bell et al. 2007).
Periplaneta americana may have traveled from one area of campus to anttihough
various methods of transportation. Steam tunnatenaobiles via infested materials, or
physical movement by individual roaches may hawnlsefew methods of dispersal

through the environment.
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Despite having the lowest percentage of prevalemoe out of every two
cockroaches on campus was carryigoli pathogens. All specimens collected were
negative forE. coli 0157:H7. Due to pathogenicity of the organism,atieg results on
all of the specimens tested were an optimal re€altkroaches collected and screened
during this study failed to have any positive raiéprevalence o€ampylobacter spp.
Susceptibility to cooler temperatures and expoguxygen impede€ampylobacter
spp. growth successfully outside of a host bodgche possibility as to why there was
no positive colony forming unit. Whole body extiaas or fecal remains would be more
likely be used to observ@ampylobacter spp. in future studies.

Overall, this study displayed the ubiquitous disttion of cockroach populations
on campus and their ability to indiscriminately atit areas within an urban
environment. Gram-negative bacteria acquisitiondiagemination of organisms, such
asE. coli, was prevalent on campus but the highly pathogemnén ofE. coli 1057:H7
was not isolated. Also, there was a laciCampylobacter spp. growth from cuticular
plating which may have resulted from undesirabledtiions required to sustain colony
growth.

Data from this study suggested cockroach’s akttitgnechanically transfer
pathogens. Insects are known to harbor and trapateogens in the environment, thus
having potentially deleterious health consequenocesnimal and/or human populations.
Dipteran species have been identified as mechavecabrs of pathogens. Houseflies,
Musca domestica (L.) (Diptera: Muscidae) can carkjbrio chlorerae, E. coli, and

Yersinia pseudotuberculosis (Fotedar 2001, Zurek et al. 2001, De Jesus @08K). In
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1898, Xenopsylla cheopis (Rothschild) (Siphonaptera: Pulicidae) was regbae the
vector of the etiological agent of plaguéx(sinia pestis) (Burroughs 1947, Inglesby et
al. 2000). The consequences of plague outbreaadghout history are well known, but
more current concerns associated with the diseaséves aerosolation of the bacteria
for use as a biological weapon (Inglesby et al3200his technique could apply to other
pathogens with numerous insects acting as mechHdraoamitters and having
successful rates of disseminati®@omoxys calcitrans (L.) (Diptera: Muscidae)des
agypeti (L.) (Diptera: Culicidae), ande. taeniorhynchus (Wiedemann) (Diptera:
Culicidae) can spreaBacillus anthracis which is also a cause for concern if used as a
biological weapon (Turell and Knudson 1987). Thé hypothesis for the second study
was rejected foE. coli and coliform forming bacteria because there wsigaficant
difference betweeR. americana samples collected from various locations in central
Texas. Analysis of non-coliform forming bacteriauted in a failure to reject the null
hypothesis because of there was no geographicoredaip for bacteria recovered
among field collecte®. americana samples in central Texas.

Zurek and Schal (2004) suggested the capabiliGerman cockroaches to
mechanically transmit the porcine pathogemoli F18 through fecal material.
Cockroaches also have been suggested as a vesegrdnacute respiratory syndrome
(SARS) which has reached epidemic levels in théfpasyears (Wu et al. 2004, Lau et
al. 2005). SARS results from contact with indivibumfected with a coronavirus, thus
direct contact serving as the primary route ofgraission (Wu et al. 2005). Although,

cockroaches have been hypothesized to act as sechan there was no contact
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between infected and uninfected individuals (WaleR005). It is evident that
cockroaches are capable of transmitting variousadis-causing organisms by
mechanical transmission. The absolute vectoringlulity of cockroaches still remains
unknown because experiments involving etiologicgrds occurring naturally or those
which can be harmful to large populations, suchrdkrax, have yet to be thoroughly
tested.

There were limitations to information and implicats resulting from data
collected throughout the study. For example, pdpna collected for this study were
only collected from selected areas of campus. Bmetc data is consistent throughout
the sequences amplified from the various locatmmsampus. The degree of variation
of the population may be interpreted differently ledher markers such as mtDNA or
microsatellite segments been implemented to difteaiee individuals. AlsoP.
americana were only collected in outdoor environments. passible that indoor
populations have different bacterial faunas becafisiéfering bacteria present in the
environment. Future studies could include samginger areas for collecting, including
health care facilities, like hospitals and nurdiaognes, or places associated with
children, such as day cares and schools. It woelldhtieresting to analyze diversity of
bacteria from various locations including gram-figsibacteria, which were not
screened for during this study. Also, identifyingesific strains of pathogens through
genetic analysis could allow for better mappinglistances and dispersal of disease-

causing agents throughout the environment.
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APPENDIX

Table A-1. Collection sites with GPS for College &tion, TX including the total
number of cockroaches collected at each location

Number

Quadrant Location GPS Collected
North W Blocker 3037'11.16" N/ 9620' 33.99" W 29
North E Water Tower 36' 4.27" N /9620' 35.75" W 75
North S WERC 3037'13.73" N/ 9620' 17.87" W 0
Central S Arct Bldg B 3037' 8.44" N /9620' 17.45" W 0
Central W Arct Bldg C 3037' 8.84" N/ 9620' 16.60" W 0
Central NE Beutel (Dumpster) 3B6' 52.95" N/ 9620' 33.93" W 0
Central S Beutel 3B6' 55.36" N / 9820 33.42" W 0
Central W Bizzell Hall 3036' 49.98" N/ 9620' 28.74" W 0
Central W Board of Regents Annex | °FB' 42.39" N /9620' 31.97" W 39
Central W Board of Regents Annex Il °Fp' 42.78" N/ 9620' 32.45" W 36
Central S Board of Regents Annex °3G' 42.21" N/ 9620' 30.78" W 80
Central N Coke Bldg 3036' 52.85" N / 9620' 30.79" W 0
Central S Geosci Bldg (Drain) 367'2.90" N /9620'11.58" W 0
Central S Geosci Bldg (Dumpster) °Fr' 3.02" N /9620'11.31" W 0
Central W J.R. Thompson Hall 387'3.04" N /9620 27.38" W 0
Central SE Langford Arct Bldg 8@7'7.67" N /9620 13.63" W 0
Central E Langford Arct Bldg 3@7' 7.83"N/9620'13.72" W 0
South Bldg West of Duncan (Door) BB6' 42.14" N/ 9620' 8.23" W 0
South N Commons 3®B6' 57.00" N/ 9820' 11.96" W 0
South S Duncan (Trash compactor) ©36'41.99" N /9620 6.97" W 0
South S Duncan (Wall) 3(6' 42.34" N /9620'5.93" W 0
South S Duncan (Sewer cover) °3B' 42.62" N/ 9620' 5.64" W 0
South S Duncan (Walk-in) 8@6' 42.93" N /9620'5.68" W 1
South W Koldus (N) 3036'41.11" N/ 9620' 21.97" W 132
South W Koldus (S) 3036' 41.86" N / 9620' 21.67" W 140
South S Mosher - a 336'55.54" N/9620'5.12" W 1
South S South Campus Garage (Wall) °36 47.33"N/9619'59.10" W 2
South S South Campus Garage (Drain) ° 3® 47.50" N/ 9%19' 58.81" W 78
West E Borlog Center (Sewer cover)  °3®' 30.19" N/ 9620' 56.30" W 0
West N HFS Bldg 3036' 33.85" N /9621' 0.48" W 0
West W Kleberg (Sewage cover) °FB' 36.11" N/ 9620' 50.99" W 14
West W Kleberg Drain (S) 3®6' 36.57" N/ 9620' 50.32" W 0
West W Kleberg Drain (N) 36’ 36.70" N / 9620' 50.54" W 59
West N Sat Utilities 1 3086' 30.36" N/ 9620' 50.20" W 0
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Table A-1. continued

Number
Quadrant Location GPS Collected
West N Vet Med Sci (Glass enclave) °3®' 47.88" N/9621'8.62" W 0
West N Vet Med Sci (Loading dock) 386' 48.47" N/ 9621' 7.48" W 0
West N Vet Med Sci (Door-N) 3(B6' 49.09" N /9621' 7.12" W 1
West E Vivarium Il (Corner) 3036' 51.28" N/ 9621' 9.54" W 0
West NE Vivarium Il (Door-E) 3036'51.6" N/9621'9.70" W 0
College Station, Texas (various locations) 37
Total 724
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Table A-2. Uncorrected (“P”) distance matrix of 13haplotypes from populations collected all quadrant®n the Texas
A&M University campus, College Station, Texas in adition to undisclosed locations from College Statim, Texas not
found on campus

Haplotype 1 2 3 4 5 6 7 8 9 10 11 12

8 0.01794 0.07034 0.06697 0.02882 0.00716 0.012600706 0.00896 0.01787 0.00897 -

10 0.01622 0.06672 0.06524 0.02691 0.00536 0.01@B0536 0.00357 0.01607 0.00181 0.01073 0.00181
14 0.01441 0.06535 0.06346 0.02531 0.00181 0.009DB0181 0.00363 0.00896 0.00361 0.00721 0.00362
4 0.01622 0.06310 0.06160 0.02150 0.00357 0.0108@0367 0.00179 0.01429 0.00179 0.01075 0.00180
3 0.01619 0.06318 0.06163 0.02867 0.00714 0.010890704 0.00536 0.01786 0.00180 0.01250 0.00180
5 0.02162 0.06160 0.05976 0.01973 0.00898 0.016260808 0.00718 0.01971 0.00718 0.01619 0.00722
17 0.02170 0.07284 0.07078 0.03257 0.00908 0.0162T0908 0.01090 0.01624 0.01088 0.01447 0.01088
1 0.01260 0.06308 0.06158 0.02510 0.00000 0.0072B0000 0.00179 0.01071 0.00180 0.00716 0.00180
12 0.03259 0.05411 0.05445 0.03419 0.01967 0.027W@1967 0.02145 0.01964 0.02156 0.02693 0.02158
19 0.02533 0.06011 0.06173 0.03239 0.01445 0.0199@1445 0.01625 0.01980 0.01446 0.01986 0.01453
21 0.02717 0.05591 0.05625 0.03237 0.01430 0.02I¥@1430 0.01608 0.01786 0.01619 0.02156 0.01621
22 0.02350 0.05590 0.05618 0.02875 0.01074 0.018101074 0.01252 0.01430 0.01259 0.01797 0.01260
16 0.01813 0.05617 0.05458 0.01988 0.00543 0.012Z¥60543 0.00723 0.01618 0.00724 0.01266 0.00725
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Table A-2. continued

Haplotype 13 14 15 16 17 18 19 20 21 22 23 24
8
10 0.00893 0.00357 0.00358 0.00537 0.00714 0.00@O0000 -
14 0.00542 0.00903 0.00182 0.00183 0.00361 0.0093%#80545 0.00545 0.00362 0.00000 0.00723 0.00179
4 0.01071 0.00718 0.00360 0.00537 0.00536 0.005360586 0.00536 0.00357 0.00893 0.00540 0.01071
3 0.01429 0.00715 0.00536 0.00714 0.00893 0.005360586 0.00536 0.00357 0.00893 0.00715 0.01071
5 0.01615 0.01260 0.00903 0.01080 0.01077 0.010781008 0.01078 0.00898 0.01256 0.01083 0.01435
17 0.01272 0.01634 0.00908 0.00908 0.01088 0.012¥@1274 0.01274 0.01089 0.00723 0.01452 0.00901
1 0.00714 0.00719 0.00000 0.00179 0.00179 0.005360586 0.00536 0.00357 0.00536 0.00539 0.00714
12 0.01967 0.02337 0.01978 0.02156 0.02145 0.021162146 0.02146 0.02325 0.02145 0.02518 0.02324
19 0.01805 0.01988 0.01271 0.01447 0.01623 0.016201627 0.01627 0.01445 0.01082 0.01814 0.01261
21 0.01788 0.02159 0.01440 0.01619 0.01608 0.019661968 0.01968 0.01788 0.01608 0.01980 0.01787
22 0.01432 0.01798 0.01081 0.01260 0.01252 0.016101612 0.01612 0.01432 0.01252 0.01621 0.01431
16 0.01260 0.01262 0.00545 0.00724 0.00722 0.009060903 0.00903 0.00722 0.00903 0.01084 0.01081
Haplotype 25 26 27 28 29 30 31 32 33 34 35 36
8
10
14 0.00000 0.00181 0.00544 0.00181 0.00363 0.001BM0363 0.00542 -
4 0.00719 0.00360 0.00357 0.00357 0.00179 0.0035001@9 0.00903 0.00543 0.00359 0.00362 0.00362
3 0.00717 0.00360 0.00714 0.00714 0.00536 0.007180566 0.00899 0.00541 0.00718 0.00360 0.00360
5 0.01258 0.00900 0.00898 0.00898 0.00718 0.0089807@8 0.01442 0.01085 0.00901 0.00901 0.00901
17 0.00724 0.00907 0.01274 0.00908 0.01090 0.009061090 0.01269 0.00723 0.01269 0.00904 0.00904
1 0.00360 0.00000 0.00357 0.00000 0.00179 0.0000001@9 0.00542 0.00181 0.00357 0.00000 0.00000
12 0.01980 0.01987 0.02325 0.01967 0.02145 0.019602145 0.02171 0.01812 0.01618 0.01997 0.01997
19 0.01081 0.01263 0.01807 0.01445 0.01625 0.014481625 0.01804 0.01088 0.01265 0.01269 0.01269
21 0.01442 0.01450 0.01788 0.01430 0.01608 0.014B01608 0.01996 0.01272 0.01439 0.01455 0.01455
22 0.01082 0.01086 0.01432 0.01074 0.01252 0.01@81252 0.01629 0.00907 0.01078 0.01087 0.01087
16 0.00726 0.00548 0.00903 0.00543 0.00723 0.00%460723 0.01089 0.00730 0.00182 0.00549 0.00549
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Table A-2. continued

Haplotype 37 38 39 40 41 42 43 44 45 46 47 48

8

10

14

4 0.00179 0.00179 -

3 0.00536 0.00536 0.00714 0.00180 0.00536 0.00536

5 0.00718 0.00718 0.00540 0.00720 0.00718 0.007181285 -

17 0.01090 0.01090 0.01270 0.01086 0.01090 0.01@01267 0.01809 -

1 0.00179 0.00179 0.00357 0.00182 0.00179 0.001700704 0.00898 0.00908 0.00358 -

12 0.02145 0.02145 0.01967 0.02175 0.02145 0.021162511 0.02520 0.02541 0.02353 0.01967 -

19 0.01625 0.01625 0.01445 0.01451 0.01625 0.016»B1627 0.01619 0.01816 0.01631 0.01445 0.02358

21 0.01608 0.01608 0.01787 0.01635 0.01608 0.016081974 0.02338 0.02000 0.01813 0.01430 0.00537

22 0.01252 0.01252 0.01431 0.01269 0.01252 0.012pA1613 0.01978 0.01632 0.01446 0.01074 0.00894

16 0.00723 0.00723 0.00542 0.00731 0.00723 0.007260908 0.01089 0.01464 0.00912 0.00543 0.01263
Haplotype 49 50 51 52 53 54 55

8

10

14

4

3

5

17

1

12

19 -

21 0.02177 0.01787 0.00358 -

22 0.01990 0.01431 0.01073 0.00716 -

16 0.01449 0.00903 0.01445 0.01084 0.00721 0.00720

00T
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