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CHAPTER|

INTRODUCTION

Since 1980, the number of food borne disease outbreaks related to the
consumption of raw vegetables and ready-to-eat food products havesatcr&&any of
these outbreaks are primarily due to the contamination of fresh fruits, vegetabl food
products with enteric microbial pathogens. Bacterial pathogens inEkatierichia coli
0157:H7,Campylobacter spp., Salmonella enterica, andListeria monocytogens. Two of
these pathogenSalmonella andE. coli O157:H7 have been found to survive in the plant
phyllosphere. How they came in contact with plants has been to tsabjacich debate.
One possible route of contamination is via insects which may mavegens from
bacteria-laden manure, compost or water to plants (Brandl, 2006) slhseet long been
associated with bacterial contamination of food sources. Sothe @fth flies have been
documented to act as mechanical vectors of human pathogens and isee foed-

borne diseases in humans (Moriya et al., 1999; Iwasa et al., 1999).

In 2006, a multistate outbreak Bf coli O157:H7 was reported and linked with
the consumption of contaminated bagged spinach from a commercial brandh sol

supermarkets. As a result of this 2006 outbreak, a funding effort by Fresh Express



Inc. simulated research to study the possible pathways afgresuce contamination. In
one of these studies it was observed that large numbers ofiékhd.g. blow flies and
house flies) were associated with lettuce in the field. Savtlected fly samples were
PCR positive foE. coli O157:H7 (Talley et al., 2009). In addition, large numbers of fly
specks (regurgitation and defecation spots) were observed on thdeftelce. It was
speculated that the fly specks or body parts that come in contact with tearfeat may

serve as sources of bacterial contamination (Talley et al., 2009).

In the Salinas Valley where the majority of spinach contameinanh California
by E. coli O157:H7 has occurred, vegetable production areas are surrounded by the
coastal range mountains. These foothill areas are good for fllogevent because of the
presence of range cattle. Although flies are well known vectolactieria to prepared
food, the potential of filth flies to contaminate fresh produce ®itboli O157:H7 is not
well understood. The relationship betwdencoli O157:H7, flies, and spinach was the
focus of this research. The filth fly selected to be the subfabis study is the house fly,
Musca domestica L., because its life cycle can occur on cattle manure, a potsatiede
of E. coli O157:H7 acquisition by flies as documented in Talley et al. (20083.study
is a continuation of that work and focuses on whether these bacterizolcmize and
survive in the plant phylloplane after fly regurgitation and on thee#tternal body

surfaces. The objectives of this study are to:

1. Determine if E. coli O157:H7 colonizes the spinach phylloplane following
regurgitation by house flies on the leaf surface after acmuisivf E. coli

0157:H7 from various contaminated sources.



2. Determine ifE. coli O157:H7 colonizes the external body surfaces (labellae and
tarsi) of house flies after contact with varioks coli O157:H7 contaminated

sources.



CHAPTERIII

REVIEW OF LITERATURE

Food borne diseases

Most food borne diseases of humans are related to the contaminatamyd diyf
enteric microbial pathogensSalmonella enteritidis, Campylobacter spp, Listeria
monocytogens, Escherichia coli 0157:H7 andShigella spp. are some of the bacterial
pathogens that are associated with food borne disease outbreaks. Mustreported
food borne disease outbreaks are related to the consumption of undercookedhwmea
vegetables, salads, fresh fruits, and fruit juices. According taldke from food borne
outbreak surveillance from 1973 to 1997, 190 produce-associated outbreaks have been
reported and the most common food items implicated were saladsgléefitesh juices,
berries, melons and sprouts. Of the outbreaks in which the pathogedewaied, 60%
were caused by bacteria and of these 48% were causé&dliognella spp. E. coli
serotype 0157:H7 was recognized as a pathogen during this timed peri
(Sivapalasingham et al., 2004). According to CDC surveillance susesrafrfood borne
diseases, during the period from 1998 to 2002, the number of reported ksittazneged
from 1243 to 1417 per year (Lynch et al., 2006). Thirty-three perceiteobutbreaks

had a known etiological agent and 55% of those were caused by bacterial pathogens



There are several reasons for the increased number of food bes@sealioutbreaks,
including the increased popularity of minimally processed food, iseckamportation of
fresh produce, increased consumption of fresh fruits, vegetables &b sand
emergence of pathogens having low infectious doses (Tauxe E9@r). Contamination
of produce prior to harvesting and during processing (Brandl, 2006)oghedaght to
enhance the occurrence of outbreaks. Brandl, (2006) illustrated multiblegya by
which produce can be contaminated in the field. Even though manure is acywod of
fertilizer in organic farming practices, the application of iogarly composted manure
could serve as a potential source of enteric pathogens in therisddid often associated
with these manure and compost piles could act as vectors in the nmvehthese
pathogens to produce in the field. If pathogens internalize in the tiagt could
contaminate the seeds and increase their potential of dispersmplicadion of
contaminated water for irrigation as well as application of gidsts with contaminated
water could serve as another method of contamination of produce fielthéBrandl,

2006).

E. coli O157:H7 disease outbreaks

E. coli O157:H7 was the causal agent of several of the largest outlofeakteric
bacterial diseases in recent times (Brandl, 2006). InfectionBwvitbli O157:H7 was first
recognized in 1982, associated with the consumption of contaminated hambarfess
case 47 people in Michigan and Oregon developed bloody diarrhea (Su aamdt, Br
1995). The largest outbreak reported for this pathogen was in 1996 in Jhpaa,over
6300 school children were affected and two deaths were reported daesumption of

contaminated radish sprouts (WHO 2002; Brandl, 2006). In the United States,
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multistate outbreak oE coli O157:H7 infections associated with consumption of
mesclun during May 28 to June 27, 1996 (Hilborne et al., 18@8)the first reported
outbreak ofE. coli O157:H7 infection associated with consumption of lettuce. This
outbreak resulted in illness of 61 people, with 21 hospitalizations anel thases of
hemolytic-uremic syndrome (Hilborne et al., 1999). In the period 1929@@, 350E.

coli 0157 outbreaks were reported from 49 states in United StategelRaral., 2005),

of which 21% were produce-associated. Of this 21%, 34% were freumdetl8% from
apple cider or apple juice, 16% from salad, 11% from coleslaw, 1186 rfielons, 8%
from sprouts, and 3% from grapes (Rangel et al., 2005). During the period 2000E.

coli O157:H7 was shown to be the causal agent of 48% of the food borne disease
outbreaks associated with leafy vegetables, which consisted nobddytuce (Brandl,

2006).

In a 2006 E. coli O157:H7 outbreak, associated with consumption of
contaminated bagged baby spinach, 205 illnesses and three deathspoges.rdhe
same strain oE. coli O157:H7 that affected people was found in river water, cattksfe
and wild pig feces. It was suggested that wild pig and cattesfanight have
contaminated the waterways, resulting in the contamination. Howevexact source of
spinach contamination was not determined (http://www.marlerclark.c@®06

_Spinach_Report_Final_01.pdf).



Characteristicsand evolution of E. coli O157:H7

Shiga toxin producinge. coli (STEC) is one of the pathotypes Bf coli that
cause enteric diseases in humans. STECs that are responsicBudorg hemolytic
uremic syndrome (HUS) and hemorrhagic colitis (HC) in humans kamwn as
enterohemorrhagik. coli (EHEC) (Gyles, 2006)E. coli O157:H7 belongs to the EHEC
class and produces the shiga-like toxsxd orstx2, also known as vero toxins VT1 and
VT2 (Buchanan & Doyle, 1997). These toxins have a close resemblam@ceytotoxin
produced byShigella dysenteriae type | (Feng, 1995), which is cytotoxic to vero cells
(Konowalchuck et al., 1977), derived from kidney epithelial cells ofAfrecan green
monkey (Su and Brandt, 1995).

Shiga toxin has five B subunits and a single A subunit. The A subunaitede
ribosomal RNA and disrupts protein synthesis (Gyles, 2006). The hewctattaches to
the host’s colon epithelial cells and induces an effacing lesidi& (Asion). The
attachment is enhanced by a protein known as intimin, encoded &setbene (Tarr and
Bilge, 1998). Following attachment, the bacterium produces shiga tokne iepithelial
cells of the colon. The toxin travels in the blood stream towarditiney and damages
renal endothelial cells, resulting in renal inflammation followgdemolytic anaemia or
acute renal failure, which ultimately leads to HUS and HC (Kaper et al.,.2004)

E. coli O157:H7 is differentiated from other pathogeRiaoli in that is sorbitol
negative, while 93% of akt. coli ferment sorbitol (Buchanan & Doyle, 1997). It does not
hydrolyse MUG (4-methylumbellifery-D-glucuronide), does not grow at or above
44 C in culture and survives in lower temperatures1@® C) (Buchanan and Doyle,

1997). Because of its high tolerance for acidic conditions and duest. tuli O157:H7



disease cases are reported in association with fermentedyssusaayonnaise, apple
juice and apple cider. Bacterial survival increases at low pH lewdtemperature
conditions (Buchanan & Doyle, 199°8. coli O157:H7 belongs to seropathotype A, the
most virulent seropathotype of the STEC (Gyles, 2006). It is hypoéuteshatE. coli
obtained the shiga toxin gene frdghigella via a bacteriophage during a pandemic that
occurred in Central America in 1970s (Peacock et al., 2001).

The evolution oE. coli O157:H7, as proposed by Whittam, 1998, begins with an
EPEC (enteropathogentt coli) like ancestor with the ability to expregglucuronidase
(GUD+) and ferment sorbitol (SOR+). This ancestral form geaesto the O55:H7 from
which had the pathogenicity island LEE (locus of enterocyte afiaat). This
pathogenecity island encodes for proteins, including intimin, that mebetterial
attachment and subsequent production of attaching and effacing |€git)s The
transition of O55:H7 with GUD+, SOR+ form acquired tsi®2 gene via a toxin-
converting bacteriophage witx2 and gave rise to O55:H7 with GUD+, SOR+ atx2
+ form. The divergence from O55:H7 to O157:H7 was mainly due to the clranige
somatic antigen change from O55 to O157 which was assumed to haveedcas a
result of a lateral transfer and recombination of genes. From O1%3tHD+, SOR+stx
2 + form, two distinct lines evolved. One line lost mobility buaietd thestx2, GUD+
and SOR+ type. The other lineage lost the ability to fermebitebbut retained GUD+
and acquired stx1 via phage conversion. Subsequently this form lost (DeaGlity,
giving rise to a SOR-, GUDstx1+, andstx2+ strain, which is considered to be the

immediate ancestor of the current O157:H7 form (Whittam, 1998).



Reservoirsof E. coli O157:H7

Ruminants, especially cattle, are major reservoirs of STECcattié-associated
products harvested for human consumption are prone to be contaminated wath thes
bacteria (Gyles, 2006k. coli O157:H7 inhabits 6-9% of the range cattle and about 8.3%
of the dairy cattle in the northern United States (Islam.eR@04).E. coli O157:H7 can
survive, replicate and move within the soil, and the presence of enamuhe soll
enhances its survival (Islam et al., 2004). After application of comausicially
contaminated witlt. coli O157:H7 to the soil, bacteria persisted for 154-217 days. When
lettuce and parsley was grown in that soil bacteria were ddtect plant surfaces for up
to 77-177 days (Islam et al., 2004). In cattle feces the concentadtteircoli O157:H7
can be as high as 4-16fu/g, but generally between 10-100 cfu/g (Gyles, 2006). The
bacteria are localized in the gastrointestinal tract, within the foreagth as well as distal
sites. Deer and sheep also are carrierk. abli O157:H7 (Buchanan & Doyle, 1997).
Water also serves as a sourceBocoli O157:H7 infections. In December 1989, a large
E. coli O157:H7 outbreak in Missouri was associated with contamination of ipahic

water (Swerdlow et al., 1992).

E. coli O157:H7 infection in humans

Symptoms of human infection with coli O157:H7 range from asymptomatic to
severe and can include a variety of complications ranging from mauldiarrhea to
fatality. Bacteria that enter the human body with the consumptieorddminated food
or water colonize in the intestine. The EHEC bacteria are highig tolerant and
establish in the intestine (Gyles, 200B)coli O157:H7 has a very low infectious dose of

between 50-100 cells (USDA-APHIS, 1997). Often reported symptomsserere
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abdominal cramps, mild or no fever, and watery to bloody diarrhea. ©har8-4 day
incubation period for this disease and diarrhea becomes bloody withidatys (Su and
Brandt, 1995). Other complications include the HUS, thrombotic thrombocytopenic
purpura (TTP) and death. Hemorrhagic colitis was first repanel®71, and after the
1982 outbreaks in Oregon and Michigdn,coli O157:H7 became recognized for its
potential to cause HC (Su and Brandt, 1995).

HUS, which is characterized by microangiopathic hemolyticraé@eacute renal
failure and thrombocytopenia (Wachsmuth et al., 1991), can occur e¥ten slays of
gastrointestinal symptoms. Characteristic symptoms are padtogvascular destruction
of red blood cells (microangiopathic hemolytic anemia), depdegsatelet counts
(thrombocytopenia), lack of urine formation (oligo-anuria), and acaeteal failure
(Buchnan and Doyle, 1997). Among survivors of diarrhea-associated HUS ishar
significant increase in incidence of diabetes mellitus due t@kEaeninsulin deficiency
(Suri et al., 2009). TTP symptoms are similar to those of HUS, Ibatircludes fever
and neurological abnormalities, but the distinction between HUS and TTP isarofSile
and Brandt, 1995). Although kidneys are the main targets, many other ghgags,
pancreas and heart) can also be affected. Children under fiveojeage and elderly

people are more prone to severe complications with these diseases PRager,

Diagnostic methods
Early diagnosis is important in preventing the development of HdS-educing
associated mortality. For diagnosis, a patient’s stool speciarensultured on sorbitol

MacConkey agar (SMAC) (Peacock et al., 2001) within 4-7 days afteet of illness

10



and prior to antibiotic exposurg. coli O157:H7 ferments sorbitol slowly and develops
colorless colonies within 24 hours (Peacock et al., 2001). These coloniég ¢arther
tested with commercially available O157 antisera or latexutiggtion kits. SMAC has
been modified with the antibiotics cefixime and tellurite forthar specificity in
identification (Mead et al., 1998). Another method for diagnosks obli O157:H7 is the
detection of shiga-like toxins, done with tissue culture assays tihg or vero cells
(Su and Brandt, 1995). Toxins can be done also by using genetic probesnamader
specific assays. The immuno-specific assays, include ELI®Azy(ne linked
immunosorbent assays) with the use of monoclonal or polyconal antibgdiestatx 1

or 2 (Su and Brandt, 1995). PCR amplification of the toxin geneselahle technique
that allows the detection of low numbers of bacterial cells. 8gal tests are also used
to detect antibodies specific to the shiga-like toxins or O157 lipopotysrides (Su and

Brandt, 1995).

No specific treatment is currently available far coli O157:H7 infections.
Supportive therapy, including hydration and management of anemia ahdaikema, is
important (Centers for Disease Control and Prevention, 2008). Use ibiotics can
actually increase the risk of HUS development due to the elimmat natural bowel
flora and release of the shiga toxins with the lysis ofBheoli O157:H7 cells due to
antibiotic therapy (Su and Brandt, 1995). Treatment of diarrheacwmltn antimotility
drugs may increase the risk by allowing more time for the pbearof the toxin (Su and
Brandt, 1995). SomeE. coli O157:H7 isolates are resistant to erythromycin,
metronidazole, vancomycin and tetracycline (Su and Brandt, 1995). Cb@memnds

thorough hand washing after using the bathroom, changing diaperentact with
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animals, especially cattle, all of which minimizes the chaofckacterial entry via the
oral route. Meats, especially beef and related products, should bedctudroughly
before consumption. Swallowing of water in the swimming pools lakes ather

recreation areas should be avoided as a precaution.

E. coli O157:H7 on fresh produce

When considering the epidemiology of food borne iliness related to the
consumption of fresh fruits and vegetables, the phyllosphere has become aretirdegm
niche” (Brandl, 2006) for enteric pathogens that ultimately maghréhe gut. Human
pathogens are often shed in the feces of animals and carried wtilibefe irrigation
water, or run-off from live stock pastures, or transported byciaséo reach the plants
(Tyler and Triplett, 2008). In humans enteric pathogens usuallyerasithe mammalian
gut, and are acclimated to warm body temperatures. In contrést smimal gut where
there is an adequate supply of nutrients and moisture in an anaemebimnment, the
plant phylloplane has limited amounts of nutrients and moisture aneribaoving there
are exposed to high doses of UV radiation and variable temperéBreesdl, 2006).
They must either overcome these hurdles on the plant surface ar\iragl to enter into
the plant tissues. To become established on the phylloplane, the dbautsti attach to
the surface (Brandl, 2006) and different human pathogens use various adhetsiods

to attach to the plant surface.

E. coli O157:H7 expresses type lll secretion system (T3SS) genesltierence
to spinach and lettuce leaf surfaces (Shaw et al., 2008). EspAffitarancoded by these

genes also play a role in bacterial attachment to the mbamtest in early stages of
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infection (Shaw et al., 2008 a study focused on biofilm formation Bf coli strains,
Prigent-Combaret et al. (2000) showed thatEheoli K-12 strains formed thin coiled
fimbriae called curli, on cover slips, enabling them to attadhd¢osurface as well as to
each other. These curli were confirmed as such by antircumimunogold labelleing
methods (Prigent-Combaret et al., 2000). Xicohtencatl-Cortes €0419) documented
that mutations of the genes for adhesin intinege)l and the flagella major subunftiC)
reduced the colonization and leaf invasion capability of EHEGnsten spinach and

lettuce.

E. coli O157:H7 cells were found 20-100 um beneath the cut surface of lettuce,
attaching to the cut surface rather than the leaf surfacea@eFrank, 1999; Takeuchi et
al., 2000). Solomon and Matthews (2002) suggestedtttali O157:H7 could enter the
lettuce plants through the root system after being appliedcsittaminated manure or
irrigation water and migrate to the lettuce leaves. Thededéce is covered by a water
repellent cuticle, so bacteria that attach to the unwounded sunfacabke to form
hydrophobic attachments with the plant surface. Bec&usm®li O157:H7 has a high
anionic surface charge but low surface hydrophobic propertiegrizdattachment to
wounded or cut surfaces on plant leaves is higher than that on infacesuiMatthews
et al., 2002). Therefore good hygienic practices are required in hgradid processing
of leafy greens as plant lesions or tissue damage which can cwang handling can
promote the multiplication oE. coli O157:H7. Hassan & Frank (2002) found that
surfactants with low hydrophilic/lipophilic balance (HLB) couldrd the hydrophobic

interactions betweeh. coli O157:H7 and the lettuce leaf surface. Also this pathogen can
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survive well under modified atmospheric conditions such as temperéietesen 10-

15 C (Brandl, 2008).

Investigating the effect of plant maturity on the surface comaton and
internalization of E. coli O157:H7, Shuaihua et al. (2009) reported that bacterial
internalization occurred rarely under green house conditions. Suctagemination
occurred in plants of around three weeks old but not in five week old .p@mta plant
leaf surface the micro environment is heterogeneous, with an unevgbutien of
sugar, moisture, and other components. Therefore, on the same lae¢ shere can be
different microsites which with varying suitability as halstdor human pathogens
(Brandl and Amundson, 2008. coli O157:H7 andsalmonella both tend to aggregate at
cell junctions between epidermal cells, rather than associafithgbiofilm structures
(Warriner and Namvar, 2010). Leaf age and nitrogen content also d@ffegsowth ofE.
coli O157:H7 on pre-harvest and post harvest letticeoli O157:H7 andsalmonella
enterica increase in number on younger lettuce leaves than on the oldes ®aaretime
after inoculation (Brandl and Amundson, 2008). The survivél. @bli O157:H7 is lower

on the leaf surface than in the rhizosphere (Warriner and Namvar, 2010).

Human pathogens can enter a viable but non-culturable state (ViBN@)ich
they fail to grow on culture media but remain alive in the enviraring@liver, 2009).
EHEC strainsSalmonella and Shigella show very low levels of metabolic activity while
in this state. Lack of nutrition, temperature and osmotic fluctugtiang/gen

concentrations, heavy metals and exposure to white light are Sfattar induce the
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VBNC state (Oliver, 2009; Oliver, 2005). It is possible that humdhoggns enter this

state when introduced to the plant surface.

Association of house flieswith dissemination of human pathogens

House flies have been reported as mechanical vectors of manig éxateterial
pathogens, such &s coli O157:H7 Shigella spp,Vibrio cholera, Salmonella (De Jesus
et al., 2003) an@ampylobacter (Kapperud and Rosef, 1982). They cabampylobacter
fetus subsp.jguni from poultry and pig farms to humans in Norway (Kapperud and
Rosef, 1982)Salmonella and Shigella species were isolated from feral house flies in
Uturu, Nigeria (Ugbogu et al., 2006). These insects are also meahe@ators of some
protozoans that affect human heal@ryptosporidium parvum oocytes were carried on
house fly adult and larval stages that developed on contaminated baeseAeult fly
defecation spots also carried numeroGs parvum oocytes after contact with

contaminated bovine feces (Graczyk et al., 1999).

The role of house flies as potential vector€ampylobacter andE. coli O157:H7
in United States has been investigated by PCR screenintariSiaaet al., 2004). Flies
collected from several cattle, poultry and pig farms in Japae esitive forE. coli
0O157:H7, and the isolatdfl coli O157:H7 colonies were positive feixlandstx2 genes
in their virulence plasmid (lwasa et al., 1999). In an outbredk obli O157:H7 related
bloody diarrhea in a nursery school in Japan in 1996, the pathogen waanmalty
transmitted by house flies that had contacted cattle in thg@eilloriya et al., 1999).
House flies carrf. coli O157:H7 between animals and to the neighboring environment.

In a northeastern Kansas cattle feedlot, house flies colleabed fieed bunks, feed
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storage sheds were positive for tirl, stx2, eaeA andfliC genes (Alam and Zurek,
2004). The transmission d&. coli O157:H7 to cattle was tested experimentally by
Ahmad et al. (2007), who caged house flies fed with an antibiotistarsE. coli
0O157:H7 strain with cattle and later isolated the same st@im the feces up to 11 days
after exposure. The highest number of bacteria was observed grtbeanal mucosa of

the cattle (Alam and Zurek, 2007).

In the life cycle of the house fly, larvae consume bacterialwéuie necessary for
their development. When larvae were fed artificially withcoli, the average rate of
bacterial survival in the larvae was 62% within 48 hrs after trgegRochon et al.,
2004). The pupae and emerging adult flies also were infectedEwatiti (Rochon et al.,
2005). Kobayashi et al. (1999) showed that after were house flies dxfmEe coli
0157:H7 lawns, the bacteria could multiply within the pseudotracbke#iee house fly
labellum.E. coli O157:H7 survived in the insects’ intestines and were excretetiree
days after ingestion. The authors, hypothesizing that the relajobstween the fly and
bacteria was more than simple contamination, providing a hospitabl®mment of the
bacteria to multiply on the body surface, coined a new term: “bioeatiarensmission”

(Kobayashi et al., 1999).

House flies fedE. coli O157:H7 lawns and then allowed to contact different foods
disseminated bacteria onto the food surfaces by excretion fowo@s (Sasaki et al.,
2000). When foods with the excreta spots were incubated aC_2%he bacteria
proliferated 16-10° fold, suggesting that even a small number of bacteria in house fly

excreta can serve as a potential source of inoculum that leaaddo disease in humans
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(Kobayashi et al., 2002). House fly regurgitation could play a roldissemination of
enteric bacterial pathogens to fresh produce in a field. Tallay. €2009) documented

that house fly regurgitation is a potential mechanisri.afoli O157:H7 dissemination

onto the spinach phylloplane under laboratory conditions. Sukontason et al. (2006)
studied the ultrastructure of the pulvilli from different fly féies by scanning and
transmission electron microscopy. The “electron-lucent are#tieosetae (the distal end)

of house flies plays an important role not only in their attachneestrfaces but also
could serve as an adhesive surface for attachment of microorgaf8sikontason et al.,

2006). T

Most of the research on house fly movement of human pathogensitesdrébd
mechanical transport. House fly association with contaminationesh fproduce in a
field setting has not been documented but few studies have beed catrt® show the
house fly association with the contamination of food. Macovei e2@08) showed that
house flies collected from cattle feedlot, when exposed to sexemdl-to-eat food
sources contaminated the foods with differénterococci species. Sensory hairs on the
fly body are efficient in trapping bacteria (Sukontason et al., 20Béfause the
relationships between flies and bacterial colonization of plaet®©aét well understood,
this research was designed to explore some of the gaps in ourtandexg under

experimental conditions.
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CHAPTER 11

MATERIALSAND METHODS
Common Procedures:

House fly colony maintenance: House flies,Musca domestica, were reared in an
isolated room within the Veterinary-Medical Entomology building, Oklahdatate
University. Wild caught house flies from the OSU Dairy, Stiter, were reared up to 30
plus generations. Eggs were collected as follows: five g ¢fiNianna® (Manna Pro
Products, Chesterfield, MO) was positioned on a black cotton cloth (361&htm) and
tied with a rubber band to form a cone shape. The cones wereemegistvith warm
water and placed in 8 oz styrofoam cups with 200 ml of water im easide
12x12x12"collapsible aluminum cages (Bioquip, Rancho Dominguez, CA) corgainin

adult house flies.

Egg masses deposited on the outer surface of the cone were dobecte
transferred to a four L plastic tub containing two L of wheainband 400 g of Calf-
Mann& mixed with one L of water. The eggs were mixed into the mednarircubated
at 21C within a 14x14x24"collapsible rearing cage (Bioquip, Rancho DomindLi&¥,
throughout larval development and pupal stages until the adult fliesgedh Newly

emerged flies were maintained in the same facility with a tempemft@@F, 12:12
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light:dark photo period. When necessary the adult flies of two todays old were
collected and transferred to another collapsible cage that contaungal cubes,
powdered and water. Flies were transported to an arthropod containosafetyi level

(BSL) 2 laboratory for all experiments.

Growth and maintenance of spinach plants: Spinach plants Spinacea oleracea)
variety Space F1 (Johnny’'s Selected Seeds, Winslow, Maine) grengn in a
greenhouse. Seeds were sown (3-4 seeds/pot) in four inch geraniumlledtsvith
Metromix 306 growing medium (Sun Gro Horticulture, Bellevue, WA) and kept in a
green house at 2Z with a 12:12 light:dark photoperiod. After seedlings emergence, a
complete fertilizer (N:P:K 20:10:2, Miracle-GtpScotts Company, Marysville, Ohio)
was supplied at 100 ppm N for five days per week. Tap water pyaiee to the plants

two days a week. Four to five week old plants were used in all experiments.

E. coli O157:H7 cultures. Green fluorescent protein (GFP) tagdgedcoli O157:H7

strain ATCC 43888 (an attenuated strain lacksbgl and stx2) was used for all
experiments. The original culture was provided by Dr. Li Ma, Usite of Georgia,

Griffin, GA and the cultures were stored as glycerol stogks 480 C freezer until used.
For use in experiments, a loop of bacterial culture from the frewek was inoculated
into 5 ml of Luria Bertani (LB) broth supplemented with ampicifk00 pg/ml) and
incubated at 3T overnight with shaking at 100 rpm. A quantity of five ml of theurelt
broth was centrifuged at 10,000 rpm and the pellet was resuspendediénwvgater. The
bacterial concentration was estimated by using dark fieldoptid an Olympus BX2
microscope at 400x magnification. A 10 ul drop of bacterial suspensiopla@sd on a

glass slide covered with a 22x22 mm cover slip. Bacterial nunfbars 10 random
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fields were averaged and the concentration was adjusted tell<Iml sterile water for

use in all experiments.

As explained in Chapter 1 there was two objectives for this sitmgtudy the
first objective (determination of colonization & coli O157:H7 on the regurgitation
spots of house flies after exposure to different acquisition sQumesexperiments were

designed:

1. Experiment 1. Detection and relative quantificationEofcoli O157:H7 in the

regurgitation spots left by house flies on spinach using relative quantit&Re P

2. Experiment 2: Quantification of bacteria-like organisms (BLOspmf

regurgitation spots of spinach leaves using scanning electron microscopy

3. Experiment 3: Detection and relative quantification Ef coli O157:H7 in

manually spottedt. coli O157:H7 droplets on spinach leaves using relative g°PCR

4. Experiment 4: Quantification of bacteria-like organisms (BLOs) on sphtteali

0157:H7 spinach leaf surfaces using scanning electron microscopy

To study the second objective (determination of colonizatiof. gbli O157:H7 on the
external body surfaces of house flies after contact with diffesicquisition sources), two

studies were carried out.

1. Experiment 5: Enumeration and quantificatior=otoli O157:H7 on the external
surfaces of exposed house flies (feet and head including the labdym)

microbiological methods
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2. Observation of house fly external body parts (tarsi and labedlapdsed to

different acquisition sources using scanning electron microscopy

Experiment 1. Detection and relative quantification of E. coli O157:H7 in

regurgitation spots left by house flies on spinach using relative quantitative PCR

This experiment was conducted to determine ifEheoli O157:H7 DNA level in
a house fly regurgitation spot on the spinach leaf surface chamgesime. House flies
were exposed to four different bacterial acquisition sourcestinaes (diameter 100
mm, height 25 mm). These sources were: five g autoclaved cow nraixa@ with five
ml GFP-taggedE. coli O157:H7 to a final concentration of “iélls/ml in sterile distilled
water (EM); five g of autoclaved cow manure, mixed with fivesterile water (SM);
half of GFP taggeét. coli O157:H7 lawn on a LB ampicillin agar plate (half of the agar
removed) (EP); and half of a LB ampicillin agar plate (LBjpuse flies were
anesthetized with CQOgas to immobilize them and then transferred to the medium-free
area of the plate. For each treatment only half of the aga @datained the treatment,
the other half providing a clear surface so as to minimizeesstve mechanical
contamination of flies with the acquisition source, which could occungldransfer of
anesthetized flies by the researcher. Forty to 50 house filgs placed in each
acquisition source plate, in five replicates. After two hours qfosure, flies were
anesthetized by pumping carbon dioxide for ten seconds into the exposuleEchara
port cut into the lid of the Petri plate. Anesthetized fliesenenmediately moved onto

spinach plants that were each enclosed inside a cylindricaicptagge with one end
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embedded into the growing medium and the top other covered with acnetcsdy a

rubber band.

All caged plants with flies were placed inside a larger caue left overnight
inside the laboratory. After plant exposure flies were anegdteind removed. Leaves
were examined the next day and regurgitation spots in all thechpatents were circled
with a marker pen. Plants were kept in the laboratory for teeka. During this period,
plants were watered via the growing medium in the pot withousisiplg the leaves.
Water was also sprayed with a spray bottle, about 1 foot aboveaffgeto increase
humidity inside the cage. Thirty regurgitation spots (leaf gielceluding a single
regurgitation spot) per day were collected using a 3 mm gbiaweh on O (day post
overnight exposure with flies), 4, and 8 days after plant exposure tdflidse
Regurgitation spots were used in relative quantification of&theoli O157:H7 DNA

using quantitative PCR (qPCR) (Schmittgen & Livak, 2008).

DNA isolation from plant tissues: Ten regurgitation leaf spagse pooled in a 2.0 ml
centrifuge tube and total DNA was isolated using a QIARMPIA Mini-kit (Qiagen,

Chatworth, CA). There were three replications per treatmeiot. 8rDNA extraction, 10
ul of 2.5 pg/ul pCR 2.1 (3.9 kb) plasmid (TA ColniffgKit, Invitrogen Corporation,
Carlsbad, CA) carrying the 200 bp target sequence, was addeddimentrol) to 200 pl
of ATL buffer (tissue lysis buffer) (Qiagen, Chatworth, CA) pmample for the
exogenous normalization in the relative gPCR method. DNA isolatiorcavasd out by

modifying the manufacturer’s protocol.
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Two metal beads were added and the sample was homogenized using a Mi
Beadbeater-8 (BioSpec Products Inc., Bartlesville, OK) for 30 s. Fifty plQiager?
Protease (proteinase K) (Qiagen, Chatworth, CA) was added and the émiredg
mixture was incubated at %5 for one hour. Then 200 pl of AL buffer (lysis buffer)
(Qiagen, Chatworth, CA) was added to each sample and mixed byvaute®. The
mixture was incubated at IO for 15 min and centrifuged at 10,000 rpm for 30 s and
resuspended in 200 pl of 100% ethanol. The mixture was vortexed rafty b
centrifuged as before. Both the supernatant and the pellet togetteiloaded on to a
spin column (avoiding the beads) and spun at 8,000 rpm for one min. Thehftowgl

was discarded.

AW-1 buffer (wash buffer) (Qiagen, Chatworth, CA) was added (250td)
mixture was spun (8000 rpm for 1 min) and the flow through was disdaA quantity
of 250 pl of AW-2 buffer (wash buffer) (Qiagen, Chatworth, CA) veasled. The
column was centrifuged at 14,000 rpm for 3 min and the flow through was discarded. The
column was inserted into a 1.5 ml tube, 25 ul of sterile distilleédnwveas added, and the
column and incubated at room temperature for 1 min and then centrét@O@0 rpm
for 1 min to elute the DNA. The concentration of the DNA was nmeas using a
Nanodrop 2000 spectrophotometer (Thermo Scientific, Wilmington, DE) anglesam

were diluted to 10 ng/ul for use in relative gPCR.

A 7.5 pul quantity of FastStart SYBR Green Master (Roche Didgsos
Mannheim, Germany), 4.6 pl of sterile water, 0.45 pl of forward qmir8.45 pl of
reverse primer and 3 pl of DNA were mixed for a single reac¢h a 15 pl final volume.

Samples were mixed in 96 well plates and the reactions wetegrped in a Bio-Rad My
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iQ™ Optical module real-time PCR machine (Bio-Rad Laboratotiescules, CA).
Amplification conditions were 9% for 10 min, 50 cycles of 9€ for 15 s, 55C for 15

s, 72'C for 20 s. Determination d&. coli 0157:H7 DNA concentration was based on the
eae gene amplification. Theae gene was selected as the target gene for the detection of
E. coli O157:H7 because the strain we used was as attenuated strainlachEhix

genes and the only detectable gene wasabgene which was a single copy gene.

In detecting theE. coli O157:H7eae gene was selected as the target gene for
amplification. The primer sequences werege forward primer 5 ATTAACCA
CACCCCACCG 3',eae reverse primer 5° GTCATGGAAACCGTTGTCAC 3'. In the
gPCR procedure for 200 bp fragment amplification (internal conttiod, annealing
temperature was changed to 60 The primer sequence for the amplification of the 200
bp target sequence was forward primer 5 GTCTACCAGGCATTCGCATE, reverse

primer 5> TGTGAATGCTGCGACTA CGAT 3.

Statistical analysis of data: The delta GELC{=Ct c¢ae- Ct intermnal contrg (SChmittgen &
Livak, 2008) values from all treatments (EM, EP, SM, LB) weredut analyze
significant differences between treated (EM & EP) and comprolps (SM & LB) as
well as time dependent variable within treatments (day D& ACt values were used to
perform statistical analysis to determine a relative coragoir and/or time-dependent
and treatment dependent effects of EM, EP, SM and LB. Usingt#itistisal Analysis
Software, (SAS, Version 9.1, 2009, SAS Institute, Cary, NC, U3&), values were
tested using Analysis of Variance (ANOVA) tables generdtedugh PROC-GLM
(General linear model) allowing the utilization of a completedoemized design. P-

values were analyzed through least square means (LSMEANS)ffierences ofACt
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values from each treatment group. This model was used to idengifysignificant
differences between pre-planned comparisons of substrates iedcwldth E. coli
0157:H7 (EM & EP) vs. control substrates (SM & LB). Statatidifferences were
determined at €0.05. Results are presented as least square means £S.E.M (stamdard er
of the mean). The data were represented as fold changes cortpatag 0 of each
treatment. Fold changes were calculated usingAtki€t (ACt yeatmentACt experiment contrl

values, where fold change 2% (Schmittgen and Livak, 2008).

Experiment 2: Quantification of bacteria-like organisms (BL Os) from regurgitation

spots of spinach leaves using scanning electron microscopy

This experiment was conducted to obtain another quantification of the nofmbe
bacteria in the regurgitation spots by counting the total obdeBi€®s on a scanning
electron micrograph. Procedures for experiment 2 were the sanfor experiment 1,
except where otherwise noted. Regurgitation spots on spinach feaveBlies exposed
to the four treatments (autoclaved manure mixed Witlzoli O157:H7 suspended in
sterile distilled water (EM), autoclaved cow manure mixed sierile water (SM)E.
coli O157:H7 lawn on LB ampicillin agar plate (EP) and LB ampicillin agar plateowt
bacteria (LB)) were excised and prepared for scanning elecicwastopy. A total of 5-

8 spots per treatment were processed and five of them were used in the analysis.

Plant tissue pieces were fixed in 2% glutaraldehyde in 0.1 M phiesputier for
2 hours followed by two 10 minute 0.1 M phosphate buffer (pH=7.0) waslnes. T

samples were incubated in 1% osmium tetroxide for incubated 1 molwashed twice
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for 10 minutes with phosphate buffer. Fixed tissues were dehgidthteugh an
increasing ethanol series of 30%, 50%, 70% 90%, 95% and 100% ethaneVi{@x)5
min incubation for each step. Samples were transported in 100%oktbathe OSU
Microscopy Laboratory for critical point drying and sputter aggtvith Au/Pd for 1min.
Prepared samples were examined using the FEI QuaB@0 scanning electron
microscope (SEM) (FEI Company, Hillsboro, Oregon) in high vacuum noprated at
15kV. Five spots were observed at 12,000x magnification, 10 images Wereftam
selected areas of hypothetical grid that covered the totaladréhe regurgitation spot.
The images of 94 pharea were printed and the rod-shaped BLOs (with a length of 1-2.5
pum and width of 0.25- 0.75 um) on the leaf surface counted by markihg waoe
recorded for each treatment for day O, 4 and 8 samples. A total ohdges were
analyzed for each treatment. These size dimensions for therihagere determined by
measuring BLOs on several images obtained from the SEMesnaigthe regurgitation

spots of flies exposed to previously mentioned treatments.

Statistical analysis of data: The average number of rodeshBpOs of appropriate size
from 10 images/spot (5 spots per treatment) for all the tres$nveere used to analyze
significant differences between treatment groups (EM, EP, SMBX Using SAS the
average numbers of BLOs were tested using ANOVA tables gedethrough PROC-
GLM. P-values were generated using the LSMEANS mean sepatast for differences
between means of average BLO numbers from each treatment gluspnddel was
used for pre-planned comparisons between substrates inoculatdel woth(EM & EP)
vs. control substrates (SM & LB), and statistical differencesevdetermined at<®.05.

Results are presented as least square means £S.E.M.
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Experiment 3: Detection and relative quantification of E. coli O157:H7 in manually

spotted E. coli O157:H7 droplets on spinach leaves using relative gPCR

This experiment served as a control to determine the respoiseabf O157:H7
on the spinach leaf surface without the influence of house flies or flgusgurgitant.
Six well grown leaves per plant were selected and ten 1 amediér circles were drawn
on the adaxial surface of each with a marker gewoli 0157:H7 10cells/ml in sterile
water and 1 pl drops were placed in the middle of the marke@irCen drops were
used per leaf on a total of 6 leaves per plant for a total ofpfevets. For the negative
control, sterile water drops were placed on a different sedivdsh plant leaf surfaces in
a similar manner. Treated plants were maintained in the labpr@6C and 12 hour
white light:dark period) for two weeks. At 0, 2, 4, 6, 10, and 12 daysimpmsilation, 9-
10 spots/leaf in three replicate samples (total of 30 spaty) 8s4 leaves were collected
using a 0.6 mm diameter straw punch from a randomly selected fptent both
treatments for gPCR analysis to determine the chang&. afoli O157:H7 DNA
concentration over time. The qPCR procedure was similar to thapefiment 1, with a
reduction in the DNA volume to 2 ul for tleae amplification and 1pul for the 200 bp

internal standard amplification.

Statistical analysis of data: TheCt values from both treatment&.(coli O157:H7
spotted leaves and sterile water spotted leaves) were usedhatgze significant
differences between treate. (coli O157:H7 spotted leaves) and control groups (sterile
water spotted leaves) as well as time dependent variathenwieatments (day 0-12).
Using SAS (Version 9.1, 2009, SAS Institute, Cary, NC, U4t results were tested

using ANOVA tables generated through PROC-GLM allowing thé&zation of a
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complete randomized design. P-values were analyzed through LSMipANBerences
of ACt values from each treatment group. This model was used to detesignificant
differences between the two treatments, and statisticakefhffes were determined at
P<0.05. Results are presented as least square means =S.E.M. Thermatapresented
as fold changes compared to day O of each treatment and foldesharge calculated

using theAACt values where fold change equals 197 (Schmittgen & Livak, 2008).

Experiment 4. Quantification of bacteria-like organisms (BLOs) on spotted E. coli

0O157:H7 spinach leaf surfaces using scanning electron microscopy

This experiment was conducted to obtain another quantification of the nofmbe
bacteria in the manually spott&d coli O157:H7 on the spinach leaves by counting the
total observed BLOs on a scanning electron micrograph. In a sepapatement carried
out similarly to experiment 3, ten leaf spots were collecte@, 2, 6 and 12 days post
inoculation were collected using a 0.6 mm straw punch and procéssedanning
electron microscopy. Five of the 10 spots were observed using SEMaufhigers of
rod-shaped BLOs in the size range of 1.5-2 um in five selenteas of a hypothetical
grid which covered the total area within the spot were counted at 128@@mification

for each date and for each treatment.

Statistical analysis of data: The average number of BLOm ffive images/spot (5
spots/day) from thés. coli O157:H7 spotted spinach leaf discs were used to analyze
significant differences between day 0, 2, 6 and 12. Using SASi¢viedsl, 2009, SAS

Institute, Cary, NC, USA), the average number of bacteria-likensges were tested
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using ANOVA tables generated through PROC-GLM. P-values wereg/zauhlusing
LSMEANS for differences in mean number of BLOs for each days fodel was used
to test for significant differences between days at #®0d5 level. Results are presented

as least square means +S.E.M.

Experiment 5. Enumeration and quantification of E. coli O157:H7 on the external
surfaces of exposed house flies (feet and head including the labelum) by

micr obiological methods

House flies carry several enteric bacterial pathogens bupéhsistence and
colonization of these pathogens on the external body surfaces of ¢boehas not been
documented. This study was conducted to evaluate the persistenoda@mndation ofE.
coli O157:H7 on the external body surfaces of house flies after exptusdifferentE.
coli O157:H7 acquisition sources. House flies were exposed to the four igequis
sources as explained in experiment 1. Flies anesthetized withg&©as described
previously transferred to the medium-free area of the plate. Ep&Q house flies were
placed onto each acquisition source in five replicates. After two ludesposure, flies
from each treatment were pooled together into 12x12x12” aluminum cdbllagsges
(Bioquip, Rancho Dominguez, CA), where they were fed sugar cubes, @uveggs

and water throughout the experiment.

Samples of 20 flies were removed from each cage on day 0, 2, 4, 6, 8, 18 and
post exposure and used for bacterial enumeration and quantification. Indiydusdds

and legs were excised and placed in 100 ul of sterile wateéexedrat maximum speed
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for 20s and the liquid was spread on LB ampicillin agar plates amdated at 37C
overnight in the incubator. Five plates were randomly selected anddiated colonies
from each plate were randomly picked and tested for the preseBceoti O157 using a
commercially available agglutination kit (Remel Wellcolexcoli 0157, Remel Europe
LTD, Dartford, UK) by following the instructions provided by theanufacturer. The
0157 positive colonies were further tested using end point PCR perfarmad@TC-100
Thermal cycler (MJ Research Inc., Waltham, MA) using primers spdoiftheeae gene
of E. coli O157:H7 (primer sequence was mentioned in experiment 1). Ampbficati
conditions were 9&C for 2 min, 35 cycles of 9€ for 20 s, 55C for 20 s, 72C for 40 s

followed by 72C for 2 min extension.

Statistical analysis: The percent positives far coli O157 obtained from the
agglutination test kit and the percéntcoli O157:H7 obtained from the PCR analysis of
the agglutination positive colonies were used to analyze signifitHatences between
treatment groups (EM, EP, SM, & LB). All data were converted t@eperpositive
values before analysis. Using SAS (Version 9.1, 2009, SAS Institutg, €&, USA),
percent O157 positive results were tested using ANOVA tablesraea through
PROC-GLM and means were compared by a LSD mean separatiohhegercent PCR

positives were analyzed in the same manner previously described.

Some of the fly tarsi and fly heads from each treatment \pezpared for
scanning electron microscopy using the protocol outlined in experitaefitese were
examined at the OSU Electron Microscopy Laboratory using Ble(fuanta 600 field
emission gun ESEM, high vacuum mode operated at 15 kV. Imagesxarened for

the presence of BLOs and attachment-like structures.
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CHAPTER IV

RESULTS & DISCUSSION

Experiment 1. Detection and relative quantification of E. coli O157:H7 in

regurgitation spots left by house flies on spinach using gPCR (real-time PCR)

The data obtained in this study were examined in two ways;féildtchange
values were compared within a treatment to see how baeat&yiared from a particular
source responded in a regurgitation spot over time. Second, pre-plannedisonspa
between bacterial substrates and its control (EM vs SM and BEB)vsvere made to
determine the relative numbers of bacteria in the test tesssmOverall there were
detectable differences in the relative amounts of Eheoli O157:H7 eae amplicon
between the treatments (df=11, 48, F=46.06, p<0.0001). Figure 1 shows thb&nik
values changed within each treatment over time compared to dagrgRation spots
deposited by flies exposed to autoclaved manure mixed Bvittoli O157:H7 (EM)
showed a significant increase in the amount ofgtheoli O157:H7eae amplicon by 18
folds from day O to day 4 (p<0.0001), which suggests thaEtleeli O157:H7 bacterial
number increased from day 0 to day 4. At day 8edeeamplicon level dropped to eight
folds which was significantly higher compared to day 0 (p=0.001) busignificantly

different from day 4 (p=0.1907) (Figure 1.A).
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For the regurgitation spots obtained from flies exposed to thee@BEnent, the
eae amplicon levels remained fairly level over time showing no &amt difference in
the fold change from day 0 to day 4 (p=0.1188), from day 0 to day 8 (p=0.0539) and from
day 4 to day 8 (p=0.6956) suggesting no significant change in ishcti@mber over time
(Figure 1.B). ThesACt values (see appendix) were the lowest from the data seh whi
means thesae amplicon levels were higher, suggesting a higher iniiadoli O157:H7
cell number compared to all other treatments. This differencenitial bacterial
population was presumably due to the fact that the numbé&: obli O157:H7 cells
available to the flies were much higher on the bacterial lawm ith#he manurd=. coli
0157:H7 mixture. Within the regurgitation spot, competition for resounught have
limited cell division or resulted in cell death. Also the bactexls may have been less
adapted to survive on the leaf surface and in a regurgitation spoathah nutrient

source such as LB agar.

Similarly, the control treatment SM (sterile water mixeith autoclaved manure)
showed no significant increase or decrease in the fold changedagn® to day 4
(p=0.9237), from day 0 to day 8 (p=0.1954) and from day 4 to day 8 (p=0.239e(F
1.C). Theeae amplicon levels remained unchanged, showing no significant change in t
fold differences from day O to day 4 (p=0.2954) from day O to day 8 (p€8)@nd from
day 4 to day 8 (p=0.2945) for the spots originating from the LB attpiegar (LB)

exposed flies (Figure 1.D).

In a comparison of EM to SM, there were no significant differencehe fold
change values observed on day O for both treatments. But on dayedethenplicon

levels increased 38 fold for EM, where as SM on day 4 had no signiibange in the
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eae amplicon levels (p<0.0001) (Figure 2). On day 8 a drop in the EMvadice was not
statistically significant from that of EM on day 4, but sths significantly higher than
that for SM on day 8. This finding suggests thatemeamplicon levels did not change in
the SM treatment over time, but did so dramatically in the &d&tment, further
supporting the conclusion that tbae amplicon level increase was due to the increase in
E. coli O157:H7 bacterial number over time in the regurgitation spot. Hierial in the
regurgitation spot, which contains material from both the manurehantiyt gut, might
have served as a nutrition source for the bacteria allowing themultiply on the leaf
surface. Theeae amplicon levels of the positive control (EP), were 7000 fold higher on
day O spots compared to that in the LB treatment on day O (Figugye®) though there
were no significant differences in tleae amplicon levels over time in both treatments,
the eae amplicon levels in EP was always significantly higheraktthe time points

compared to LB. (p<0.0001).

There was some amplification @e in both of the negative controls. It is
plausible that trace amounts of tkee gene were present in the digestive tract of colony
flies. The Ct values from these treatments were the higbeshe data set, suggesting
very low eae amplicon levels in the sample. This hypothesis could be testedlbgling
an additional control of fly regurgitation spots from obtained from hdliese lacking

exposure to any treatment was included.

There were some limitations in this experiment. It was dilffico obtain an
adequate supply of regurgitation spots in a single experiment, inbpeause the
visualization of the regurgitation spot on the leaf surface #feeiovernight period was

difficult. Also, fly behavior inside the lab might have affectdeit regurgitation
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frequency. Due to these constraints experiment 1 and 2 were done separatelynight

have affected contradiction of the results explained in next section.

This study is the first demonstration thatcoli O157:H7 persists and multiplies
in fly regurgitation spots deposited on plant tissue. Whether the saationships would
be found under field conditions remains to be determined. Under theicoadif this
experiment the regurgitation spots were protected from UV tradiand rain splash,
which are normally encountered in field conditions. Further experinsttsid include
an irrigation method similar to one used in field conditions. Furthernag used an
attenuated strain d&. coli O157:H7 lacking thetx genes, because of our use of highly
mobile insects. Thetx genes play an important role in pathogenicity of the bacterium
(Gyles, 2006) and might play a role in plant colonization. Therefoveeftudies should
be conducted using a pathogenic strain within a greenhouse, enasegrychers to
determine the ability of a virulefd. coli O157:H7 strain to colonize on the leaf surface
as well as the effects of environmental factors such as dMtian and temperature

fluctuations on the colonization of this pathogen on the spinach phylloplane.

Experiment 2: Quantification of bacteria-like organisms (BL Os) from regurgitation

spots of spinach leaves using scanning electron microscopy

Scanning electron micrographs of housefly regurgitation spots revidee the
spots were approximately 200-500 pum in diameter. Some regurgitspiots were
circular and some were irregular in outline (Figure 4). In thé/1SBmages of the

regurgitation spots of EM treatment exposed flies, much of theriakaobserved was
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probably material that the fly consumed from the autoclaved maRarethe ease of
description, the regurgitated material is referred to astexndome images of the EM-
exposed fly regurgitation spots showed cell division of the badtkeaorganisms
(BLOs) embedded in the matrix material (Figure 5). Someusslike chains were also
observed in these regurgitation spots (Figure 6). The regurgitgiais of EP treatment
flies also contained many BLOs, but their size was smaligértlae matrix was appeared
different from those of the EM treatment spots. Bacteria wevee clearly visible and
numerous in the EP matrix surface (Figure 7). Some images shmelledivision of
BLOs (Figure 8) and some bacteria were observed on the swffdce guard cells of
stomata (Figure 9). Flies exposed to the SM treatment producedyitaon spots
similar to those in the EM treatment and but few BLOs wererwbd in the matrix and
those seen varied in size and morphology (Figure 10). Regurgitatioro$phpdsexposed
flies lacked the dense matrix of the other treatments, but sbmefilmy material
containing a few BLOs of size and shape that differed from thosleei EP treatment

(positive control) was observed (Figure 11).

In counting the BLOs the size range (length 1-2.5 um anithvd.25- 0.75 um)
was determined by taking average measurements of rod-shaped &b randomly
selected images for each treatment (Table 1). In genesaly more BLOs were counted
in spots from flies exposed to tie coli O157:H7 plate (EP) than in spots from flies
exposed toE. coli manure (EM) (Table 2) immediately after regurgitation. This
difference was expected because many more bacteria walabée for the flies to pick
up from plates than were available from thecoli-manure mixture. Over the course of

the 8 day experiment, bacterial counts significantly declined oraireed static,
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depending upon the treatment (df=11, 599, F=22.98, p<0.0001). As shown in Figure 12,
the SEM images of regurgitation spots of flies exposed t&lhéreatment contained an
average of 7.3 BLOs. The mean number declined to 3.16 and 4.06 BLOs on day 4
(p=0.2796) and day 8 (p=0.3993) respectively, these differences wergmbtant. In
contrast, the mean number of BLOs observed for the EP regurgitspiois was
significantly higher, but decreased from 45 on day 0 to 16 on @pxG10001) and even
further to 14 on day 8 (p<0.0001). Regurgitation spot BLO numbers from the SM
treatment did not change significantly from day O to day 4 (p=0.9243lagr 8
(p=0.6108). Similarly, regurgitation spots from LB-exposed flies shomeeincrease in

BLO numbers from day O to day 4 (p=0.7504) or day 8 (p=0.6792). Overall, when
comparing BLO numbers over time, surprisingly, there were noreifées between the

two manure treatments (EM and SM) as neither was shown to ciramgenber over

time using this method (Table 2). In contrast, differences l#ivihe EP and LB

treatments were highly significant at all time intervals (Table 2).

The results obtained from this experiment do not correlate vitblithe results of
gPCR data obtained in experiment 1 which indicated an increaszciarial numbers
(eae amplicon levels) from regurgitation spots from flies exposeh¢oEM treatment
and no significant change in bacterial numbers for spots of #tgssed to EP treatment.
One explanation for the lack of consistency between the two expesiroeuld be that
the bacteria responded differently in each of these two exp@smEexperiment 1 and 2
were done separately, at two different time points because theenwhhbegurgitation
spots needed for both experiments could not be obtained at one time. Aéso,batch

of house flies was used for each experiment. Individual fly behaweguyrgitation

36



frequency and regurgitation volume may have differed from one exgetito the other.
Third, the mean number of BLOs counted may have been influenced by reammpbr
due to high level of magnification used (12,000x). This magnificationdetesmined by
observing several samples with 10,000x magnification and the easeoghizing a rod

shaped BLO in the regurgitation spots.

To improve results in future experiments, the number of images {adespot
should be increased, the use of lower magnification would allow coverage ofreale@ge
and could result in a bacterial count more reflective of the acwmalber of bacteria
present in a spot. Finally, a scanning electron microscopic istages only the surface
details. Since regurgitation spots have depth, the bacterial coketsftam an image are
likely an underestimated number. During tissue fixation soméeofrtatrix material in
the regurgitation spot could have fallen off the leaf surfacdirigao underestimation of
the bacterial counts on the images. Finally the BLOs in thesges cannot be
definitively identified ask. coli O157:H7 because no immunological labeling of the
target was carried out. However, it is likely that most of th©8observed werE. coli
0157:H7 because the controls showed a lower number of BLOs comparesl to it

treatment i.e. EM compared to SM and EP compared to LB.

This is the first report of observations of house fly regurgitagjmots on spinach
leaves by scanning electron microscopy. Also this study ifirftedo capture images of
bacteria from a fly regurgitation spot and provide evidence of gsepce of bacteria on
the leaf surface, demonstrating the potential food safety risk fliee are present within

a leafy greens field.
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Experiment 3: gPCR detection and relative quantification of E. coli O157:H7

spotted on to spinach leaves

This experiment was conducted to study the respondescofi O157:H7 on the
spinach surfaces without the influence of fly regurgitant. 8eegene was detected by
gPCR in the leaf spot samples at all time points, but AG¢ values showed no
statistically significant changes over time (df=5, 31, F=2.1, p=0.0%%@jgesting that
the levels of thée. coli O157:H7eae amplicon, and thus the number of bacteria, did not
change over time (Figure 13). An explanation for the lack of chamme be that the
spottedE. coli O157:H7 did not survive on the leaf surface and died between day 2 and
day 4. Even though the cells may have died, the DNA remained artdolvas detected

by gPCR.

Mitra et al. (2009) reported that spotting Bf coli O157:H7 on the abaxial
surface of spinach resulted in bacterial survival on the phyllogi@nd4 days post
inoculation. They also documented that the bacterial titer inaeage time and the leaf
surface area increased of colonized. In contrast to these resulisctheO157:H7 DNA
concentration of the regurgitation spots of flies exposed to manuredmikh E. coli
O157:H7 (EM) treatment had an 18 fold increase on day 4 samples ifexpied),
suggesting that the fly regurgitation spots served as a antsturce for the bacteria,
allowing them to survive on the spinach phylloplane. The composition of Hbuse
regurgitant and whether it can serve as a nutrient source B®& Haeteria remain to be

determined.
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Experiment 4. Quantification of bacteria-like organisms (BLOSs) on spotted E. coli

0157:H7 spotted spinach leaf surfaces using scanning electron microscopy

Scanning electron micrographs of the sterile water spots on bdeeicsurfaces
showed no target BLOs, but a few slender, rod-shaped BLOs thatmeepaologically
different fromE. coli O157:H7 were observed (Figure 14). These non-target BLOs were
probably residential or epiphytic bacteria, but they were notifashin this study. They
were not counted in either the treatment or the control imageday, SEM images of
theE. coli O157:H7 spotted leaf surfaces showed many BLOs (Figure 15). Strutiatres
can be suggested as attachment-like structures were obsetveskn plant tissues and
bacteria and among bacteria (Figure 16) were observed. Theridaskere primarily
observed in the interclinal junctions between the epidermal @etlsobserved in large

aggregates (Figure 17).

In a study of biofilm formation b¥. coli strains, Prigent-Combaret et al. (2000),
showed that thde. coli K-12 strains formed curli, or fimbriae, on cover slips which
enabled them to attach to the glass surface and to each ofiese Timbriae were
confirmed as curli by anti-curlin immunogold labelleing (Prig€ombaret et al., 2000).
Shaw et al. (2008) showed thit coli O157:H7 expresses type Ill secretion system
(T3SS) genes for adherence to the spinach and lettuce leafesugiad EspA filaments,
which were encoded by these genes and produced by the badlewad them to attach
to the surface. Similarly Xicohtencatl-Cortes et al. (2009) decued that mutations of
the adhesin intiminege) and flagella major subunifliC) reduced the colonization and

leaf invasion capability of EHEC strains to spinach and letflice.attachment structures
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observed in this study could be curli or flagella, but a definitiverpmetation would

require in depth analysis of these structures.

When the number and condition of spottedcoli O157:H7 on spinach were
considered over a period of time, images showed morphological chemtie BLOs on
2, 6 and 12 day post inoculation compared to day 0. On day O the BLOs were
undamaged, rod-shaped cells with definite outlines (Figures 15, 16 arfali@)) days
2-12, the appearance of the cells changed sometimes dramafckige proportion of
the cells appeared imperfect and/or damaged (Figure 18). Tdlentonhber of BLOs
(undamaged + damaged) and the number of BLOs that were undanmgkedi@&maged)
were counted and analyzed, but both analyses yielded the same tretetiaBaumbers
in the spots decreased until day 6, but then increased dramatdittaily2 days. The total
number and the number of undamaged BLOs decreased significantlgdgothto day 6
(p<0.0001, df=3, 99, and F=9.01) (Figure 19).Compared to day 2, day 12 had a higher

number of BLOs (p=0.0329) and it was higher compared to day 6 (p<0.0001).

Both the total number of BLOs and the number of undamaged BLOs sliogved
same pattern of number change over time (Figure 19). Howéeedrop in the number
of BLOs on the leaf surface did not correlate well with the RRMalysis of the total
DNA concentration from spottef. coli O157:H7 over time (experiment 3). Analysis of
SEM images suggest that bacterial numbers fell immediatigy & coli deposition on
the leaf surface whereas gPCR analysis suggested thatidauienber remained static
after deposition. This discrepancy could have occurred because wWeesxgeriments
were done at two different times and the bacterial titer ofinbeula may also have
varied. Second, the means were generated from only five imagspgielt is possible

40



that the number of images taken might not have been representative spot and
analyzing more images might have resulted in a more acasteate of the number of

BLOs in an individual spot.

On days 2, 6 and 12 post inoculation, the number of BLOs on the on the leaf
surface declined, suggesting that the bacteria might have died alwd/ghed off of the
leaf. This loss may have been due to any one of several resdnst a nutrient source,
dehydration or toxins secreted by the epiphytic /resident@keba on the leaf surface.
The shapes of the epiphytic bacteria were constant over tibmhrtheE. coli O157:H7
treated and the control leaf samples (Figure 14), suggestinghtnadamage of the
bacterial cell surface was not due to the chemicals usasdsimre fixation for scanning

electron microscopy.

Experiment 5: Enumeration and quantification of E. coli O157:H7 on the external
surfaces of house flies (feet and head, including the labellum) by microbiological

methods

E. coli O157:H7-exposed flies were tested at 2 day intervals for recovery of viabl
bacteria. There were significant differences in the numbettseafecoveredt. coli 0157
positives from flies exposed to different acquisition sources Ww#hdtex agglutination
test (Remel Wellcole¥. coli O157, Remel Europe LTD, Dartford, UK) (df=27, 138,
F=11.20, p<0.0001) (Figure 20). The number of positives were higher in taacEBEM
exposed flies than in the other treatments, but many of the wegatitrol flies (exposed

to LB or SM) also were positive for the O157 antigen. When theséveosamples were
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re-tested by end point PCR for the presence oédbagene, all of the bacteria recovered
from the LB or SM exposed flies were negative, with significdifferences between all

treatments (df=27, 138 and F=27.80, p<0.0001) (Figures 21).

E. coli O157:H7 colonies were recovered from house flies exposéfl toli
0157:H7 lawn (EP) and autoclaved manure mixed \tlcoli O157:H7 suspension
(EM) up to 13 days post exposure. Initially, all recovered EP colerees PCR positive,
but the mean number of PCR positives dropped after day 6 (Figure. dijferent
pattern emerged from the EM exposed flies; 100% of the testedieslof this group
were positive for theae gene on the day of exposure, but the number dropped to 0%
positive on day 2. From day 2 to day 6 post exposure, the percentage of PCR positives for

the EM-exposed flies increased from 0 to 46 and then dropped again to O at day 8.

The percent of recovered, PCR positive colonies showed a fluctuatitegnpa
during the test period. None of the colonies recovered from the comatinent flies;
LB agar plates (LB) and manure mixed with sterile wed), were PCR positive fdt.
coli O157:H7, but many wer€. coli O157 positive by the serological agglutination test,
indicating that the flies were likely already carryinghen-H7 antigen serotype. This
result has implications for disease risk due to fly transamssf other pathogenik. coli,
but this factor is outside the scope of this study. What can beedféfrom this work is
that bacterial numbers increased after an initial decline, stiggebacterial growth
(replication) on the cuticular surface of flies. More importgnt&. coli O157:H7
persisted on fly body surfaces for up tol3 days after the ink@dseire. These results

support the hypothesis of “bio-enhanced transmission” by Kobayaahi(&099), which
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states that the relationship between flies and bacteria is spacific than just simple

contamination of fly surfaces.

Scanning electron microscopy observations of fly tarsus (Figurex@@sed tde.
coli lawns (EP) showed rod-shaped BLOs in the sizes between 2 um on the sticky
hairs of the pulvilli of the feet (Figure 23) and on the takgigure 24). BLOs appeared
to be in higher numbers compared to those on flies exposed to theehivhdnt,
although numerical analysis was not done. EM treatment exposech#id only a few
BLOs on the sticky hairs of the pulvillus (Figure 25) and on treusa(Figure 26). No
BLOs were observed on the LB and SM exposed fly tarsi (Figdje The labellae
(Figure 28) exposed to EP treatment had aggregates of BLOs qséhdotracheae
(Figure 29) and some division of bacteria was observed betweenrdbgeg of
pseudotracheae (Figure 30). No other treatment-exposed labellaeeumlojpacheae

showed any BLOs on their surfaces (Figure 31).

SEM observations of fly body parts revealed that the pseudotradifetie
labellae, body hairs, and the sticky setae of the fly tagsi be a hospitable environment
for E. coli O157:H7 multiplication on the house fly. Sukontason et al. (2006) studied the
ultrastructure of the pulvilli from different fly families bgcanning and transmission
electron microscopy. The “electron-lucent area” of housadtae (the distal end) plays
an important role in their attachment to surfaces and could serae adhesive surface
for attachment of microorganisms (Sukontason et al, 2006). The results fronsdaiche
and the Sukontason study suggest that bacteria associated watét fbpéild contaminate

plant surfaces on which the insect land.
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CHAPTER YV

SUMMARY & CONCLUSIONS

The interaction of human pathogens with plants is a developing anglann
pathology and food protection oriented research. Insect involvement in seendiation
of human pathogens is not considered to be a major pathway; howevenseants, isuch
as filth flies, could be a source of fresh produce contamination. B(@@fl6) noted that
insects could be potential carriers of human pathogens in the fialtdy bther researches
demonstrated that house flies are potential carriers of manynhpatlaogens, such &s
coli O157:H7,Shigella, Salmonella and protozoans (De Jesus et al., 2003; Rosef and
Kapperud, 1982; Kobayashi et al., 1999; Graczyk et al., 1999; Sasaki et al., ZE90).
report by Talley et al. (2009) that house flies can dissemmateli O157:H7 to the
spinach phylloplane under laboratory conditions was the first docunoeniattiinsect

dissemination oE. coli O157:H7 to plants.

My research specifically examined the potential for subsequennization and
persistence of the bacteria on the spinach phylloplane and onstx external body

surfaces under laboratory conditions. The results from experiment 1 suggesttiah ba
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deposited by flies in regurgitation spots survived and multiplied fiha¢gurgitant was
a source of contamination of the spinach leaf surface, and thrextvédsas a nutrition
source for the bacteria. Scanning electron microscopy of thegregion spots of flies
exposed to EM showed division of bacteria-like organisms in the spotsh whggests
the bacteria were active. This finding is consistent with thossewéral studies in the
literature. While not specifically addressing fly regurgitatspots, Macovei et al. (2008)
showed that house flies collected from a cattle feedlot, when ekpmseveral ready-to-
eat food sources, contaminated the foods with diffeféatdrococcus species. Moriya et
al. (1999) reporting on the. coli O157:H7 disease outbreak in Japan in which the food
and utensils of school children were contaminated with the pathoged tiat house
flies were possible carriers of the pathogen, which moved to teemuschool from a
nearby cattle feedlot. Sasaki et al. (2000) reported that when fiegsseere fed withe.
coli O157:H7 and allowed to contact different foods they were able sseminate

bacteria onto the food surfaces by excretion within a 24 hour time.

Quantitative PCR analysis of the artificial spottingEofcoli O157:H7 on the
adaxial surface of spinach leaves is consistent with an intatipre that the bacteria
either died or sloughed off the leaf surface. The adaxial gunféght not be a supportive
micro-environment for bacterial survival. This inoculation method sitadla
contamination by rain splash or overhead irrigation. These datan@vesistent with
results obtained by Mitra et al. (2009), who showed Ehabli O157:H7 survived for 14
days on the abaxial surface of the spinach leaves followingltepfinoculation and the
area of colonization and titer increased over the duration of {heriment. There were

some differences between the two studies that might explain sbeepiancy. In this
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study, a single strain d&. coli O157:H7 was used (the attenuated ATCC strain # 43888)
whereas a cocktail of fivE. coli O157:H7 strains was used in the Mitra et al. (2009)
study. Four of the five strains were pathogenic and may have aehter ability to

survive on the plant surface than the 43888 strain.

Interestingly, in the scanning electron microscopy study dfdpatted bacteria,
several of the BLOs appeared damaged on days 2-12 post inoculatiamtrizst the
shapes of the epiphytic bacteria appeared undamaged over time in bdEh dble
0157:H7 treated and the control leaf samples, suggesting thaniagelaf the bacterial
cell surface was not caused by the chemicals used in figatien. The most plausible
explanation is that the spotted bacteria died on the phylloplanendeB\NA that was
detectable by gPCR. The inability to survive on the phylloplanebmeajue primarily to
a lack of nutrition. Again, this also supports the conclusion that riégiiog spots may
serve as a potential nutrition source allowing Ehecoli O157:H7 to survive on the
spinach phylloplane. It would be interesting to study the compositiotheffly

regurgitant as a nutrient reservoir for bacterial survival.

E. coli O157:H7 persisted on the fly body surfaces for 13 days post exposure t
acquisition sources. The data suggest that the fly external faothce can suppoE.
coli O157:H7 growth, at least for a few days. These results arestamiswith those
reported by Kobayashi et al. (1999), who documented that after exposing houseHlies t
coli O157:H7 lawns, the bacteria remained in the house fly intestinavaredexcreted
for three days after ingestion. The bacteria multiplied withinpeudotracheae of the
house fly labellum. The authors hypothesized that the relationshipdretthe fly and

bacteria was more than simple contamination, and coined a new “t@oenhanced
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transmission” (Kobayashi et al, 1999). My study was carried o@xpgsing the house

flies to a more natural source where the flies were exposedttte manure containing

10’ cells/g ofE. coli O157:H7 which is a concentration found naturally in cattle manure.
The data of my study strongly supports the Kobayashi hypothesisideeia coli
O157:H7 survived for 13 days post exposure to acquisition sources and bacteria
multiplied on fly external body parts. Also my study was donagua higher sample

numbers than the Kobayashi et al. (1999) study.

Overall, this study revealed that house flies are a mode of hpadiogen
dissemination to plants under laboratory conditions. Regurgitant may dmirce of
nutrition for E. coli O157:H7, allowing them to multiply on the leaf surface. Body hairs,
sticky glandular hairs on the pulvillus and pseudotrachea on théulabate additional
potential niches in which the bacteria can survive. To more fully retedel the
colonization and persistence Bf coli O157:H7 on plant phylloplane future research

should be extended to include green house and field studies that use pathogenic strains.

In the field there can be several factors that could attradiltthdéies to the leafy
green production areas. One can be the presence of honey dew sthiehexcretory
substances on the leaf surfaces of plants infested with aphids wéscobserved by Drs.
J. Talley and A. Wayadande (Personal Communication) in theirtgisiie leafy green
production areas in the Salinas Valley, CA. Another factor ispipdication of composed
or non-composted animal manure as fertilizers, which are excélteatling sites for
filth flies. The contact of filth flies with the leafy greeocan introduce pathogens to the
phylloplane as shown in this study which is an important mode of pathagoduction

but essentially ignored by growers. Therefore growers shouddlbeated in the control
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of filth flies in the production areas and to minimize the occugeafcthe factors that
could attract the flies to leafy green production areas in ooderiimize the possible

risks of introducing human pathogens to fresh produce.

48



Table 1. Average dimensions (length and width) of rod-shaped baldteriarganism
(BLOs) taken from regurgitation spots of flies exposed to m@iffeacquisition sources.
(EM- autoclaved manure mixed with. coli O157:H7 suspension, SM —autoclaved

manure mixed with sterile water, EFE-coli O157:H7 lawns on LB ampicillin agar, LB

- LB ampicillin agar plates.)

Treatment Average. sizes of BLOs
(Lm)
Length range Avg. Length Width range Avg. Widt
EM (n=5) 1-1.6 1.28 0.44-0.78 0.6
EP (n=5) 1-1.4 1.18 0.56-0.67 0.62
SM (n=5) 1.3-1.8 1.62 0.44-0.56 0.55
LB (n=5) 1.1-16 1.26 0.33-0.56 0.44
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Table 2. Mean number of rod-shaped bacteria-like organism fexkx@nl0 images from
five different regurgitation spots on spinach leaf surfaceEY+#&M- autoclaved manure
mixed with E. coli O157:H7 suspension, SM - autoclaved manure mixed with sterile

water, EP -E. coli O157:H7 lawns on LB ampicillin agar, LB - LB ampicillin agar

plates)
Days after exposure
Acquisition Source 0 4 8
EM 7.24 3.16 4.06
(treatment) (0.95) (0.53) (1.65)
SM 2.20 1.84 412
(control) (0.42) (0.80) (1.65)
P=0.1818 P=0.7264 P=0.9873
Days after exposure
Acquisition Sour ce 0* 4* 8*
EPF 45.34a 17.02b 14.36b
(treatment) (7.39) (2.99) (4.02)
LB 1.72 0.52 0.16
(control) (0.43) (0.19) (0.07)
P<0.0001 P<0.0001 P=0.0002

*Means significantly differences between treated and control atgaisources within a
sampling period.

FMeans followed by the same letter within a row are not significantlyréifte
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Figure 1. Relative quantitative PCR analysigotoli O157:H7eae amplicon levels of
the house fly regurgitation spots on the spinach leaf surfacesssrpras fold change
compared to day 0 within different treatments. Bars repretsmmdard error. Means with
different letters are significantly different (p<0.05). A. EM regurgitation spots
originating from flies exposed to autoclaved manure mixed Rittoli O157:H7. B. EP
= regurgitation spots originating from flies exposedEtocoli O157:H7 lawns on LB
ampicillin agar. C. SM = regurgitation spots originating froradflexposed to autoclaved
manure mixed with sterile water. D. LB = regurgitation spotgimating from flies

exposed to LB ampicillin agar plates.
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Comparison of fold changes between EM and SM
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Figure 2. Relative quantitative PCR analysigotoli O157:H7eae amplicon levels of
the house fly regurgitation spots on the spinach leaf surfacesseaat as fold change
between flies exposed to manure mixed Mittroli 0O157:H7 (EM) and flies exposed to
manure mixed with sterile water (SM). Tae amplicon levels are represented as fold

change. Bars represent standard error. Means with differeatsleate significantly

different (p<0.05).
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Comparison of fold changes between EP and LB
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Figure 3. Relative quantitative PCR analysi€otoli 0157:H7eae amplicon levels of
the house fly regurgitation spots on the spinach leaf surfacessear as fold change
between flies exposed t6. coli O157:H7 lawn on LB ampicillin agar (EP) and flies

exposed to LB ampicillin agar plate (LB). Bars represent stdndaor. Means with

different letters are significantly different (p<0.05).
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Figure 4. Regurgitation spots observed on the spinach leaf sindacdlies exposed to
different acquisition sources. A. Flies exposed to autoclaved manxeel mith E. coli
0157:H7 (EM). B. Flies exposed E coli O157:H7 lawn (EP). C. Flies exposed to LB

ampicillin agar (LB) D. Flies exposed to autoclaved manure anixgh sterile water

(SM).
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Figure 5: Rod-shaped bacteria like organisms embedded in the ofadr regurgitation
spot deposited on spinach leaf surface by a house fly exposed tdrealhent
(autoclaved manure mixed with. coli O157:H7 suspension). Magnification= 12000x

Note the dividing cells are marked by arrows.
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Figure 6 Chains of coci bacterialike organisms observed in a regurgitation spanfia
house fly exposed to autoclaved manure mixed vE. coli O157:H7 (EM).

Magnification = 12,000:
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Figure 7. Numerous rod-shaped bacteria-like organisms observee ireghrgitation
spots on the spinach leaf surface deposited by a house fly expased. wli O157:H7

lawns on LB ampicillin agar plates (EP). Magnification 12,000x.
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Figure 8. Division of bacterial cells (arrow) on the matoix the regurgitation spot
deposited by a house fly exposed toEarcoli O157:H7 lawn on LB ampicillin agar

plates (EP). Magnification= 88,000x
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Figure 9. Four different SEM images of bacteria-like orgasisimserved on the guard
cells of the spinach leaf stomata within regurgitation spots ofehities exposed to da.
coli O157:H7 lawn (EP). Images were taken under different magmificsgtA. 6317x, B.

12,000x, C. 19,890x, D. 6660x
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Yo % ¥

v ‘ 8/18/2010 "det

' mé.g WD spof
15.00 kV|11:01:16 AM |ETD

12000 x|10.1 mm| 3.0

Figure 10 Image of a regurgitation spot deposited by a édlysexposed to autoclave
manure mixed with sterile water (SM). Bact-like organisms are embedded in

matrix. Magnification = 12,000
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"HV | 5/21/2010 | det | mag | WD |spot —— 5 pm ——
15.00 kV|2:14:02 PM |ETD |12 000 x| 10.1 mm| 3.0

Figure 11. Regurgitation spot on the spinach leaf surface deposited house fly

exposed to a LB ampicillin agar plate (LB). Magnification = 12,000¢teNhe lack of a

thick matrix.
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Mean number of BLOs on the regurgitation spots
60

EDay 0
B Day 4
1Day 8

LIeannumber of rod-shaped BLOs

Acquisition sources

Figure 12. Mean number of rod-shaped bacteria-like organisms obserttesl smanning
electron microscopy images of the regurgitation spots on spieathkd of flies exposed
to different acquisition sources. Bars represent standard err@ansWeith different
letters are significantly different (p<0.05). (EM- Fliespesed to autoclaved manure
mixed with E. coli O157:H7 suspension in sterile water, EP- Flies exposdgl toli
0157:H7 lawn on LB ampicillin agar, SM- autoclaved manure mixed sierile water,

LB- Flies exposed to LB ampicillin agar plate)
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Fold change of the E. coli O157:H7 eae amplicon levels
over time

Fold change
=

Do Dz

Day post inoculation

Figure 13. Relative quantitative PCR analysig€ofoli O157:H7eae amplicon levels of
the manually spotted. coli O157:H7 on the spinach leaf surface over time. Bars

represent standard error.
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HV 101 0 | det mag WD |spot
10.00 kV|10:36:09 AM |[ETD| 12 000 x|10.2 mm| 3.0
Y%

-

: - B0
HV 10/20/2010 | det mag
10.00 kV[2:48:26 PM|ETD| 12000 x| 9.9 mm | 3.0

Figure 14. Slender, non-target, rod-shaped bacteria-like orgarobserved on the
spinach leaf samples. A. Non-target bacteria (arrows) obsenvéee control (spotting of
sterile water on the leaf surface). B. Non-target bactari@ws) and the targeE.(coli

0157:H7) observed on the leaf surface of test samples. Magnification = 12,000x.
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'n‘irég:.‘ ;\ND spot
ETD |12 000x|10.1 mm| 3.0

{,
HV ‘ 10!15!2010‘ det

10.00 kV | 1:44:13 PM

Figure 15. Bacteria-like organisms observed on Eheoli O157:H7-spotted spinach
surface on Day 0. Note that most of the cell shapes and stsictues intact.

Magnification = 12,000x.
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Figure 16. Attachment structures between bacteria and &etive bacteria and the plant

onE. coli O157:H7-spotted leaves on day 0.
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P

HV ‘10[15]2010‘ det | mag WD | spot

10.00 kV|1:53:22 PM |ETD |5 504 x|10.1 mm| 3.0

Figure 17. Distribution of bacteria-like organisms on the leagsarimmediately aftet.
coli O157:H7 deposition on day 0. Note that bacteria are observed in aggragdta

the interclinal groves between the epidermal cells. Magnification = 5,504x.
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HV ‘ 10!15!2010‘ det | mag WD | spot

0.00 kV|3:10:28 PM |ETD | 12 000 x| 10.0 mm| 3.0

Figure 18: Bacteria-like organisms observed on spinach 2 daysradfteial spotting of
E. coli O157:H7 on the leaf surface. Note the presence of damaged oeilgsjaon the

leaf surface. Magnification = 12,000x.
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Bacteria-like organisms on the leaf surface
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Figure 19. Mean number of rod-shaped bacteria-like organisms observesl smanning
electron microscopy images of spinach leaves spottedBwitbli O157:H7. Means with

different letters or numbers of + are significantly different (p<0.05).
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Mean percent agglutination test positives (E. cofi 0157) on
the body surfaces of house flies at different day post
eXposure to acquisition sources
100
w BP0
g
= g0
_g' F0
i, 60
W EEP
2 20
£ 40 WELL
% 30 ELE
g @0 = EM
E
10
o
Day 0 Day?Z Day4 Daye Dayg Day 10 Day 13
Day post exposure

Figure 20. Comparison of mean percé&ntcoli O157 positive colonies obtained from
agglutination test from house flies exposed to different acquisgiources. Bars
represent standard errors. Means with different lettersgn#icantly different (p<0.05).
(EP-E. coli O157:H7 lawn on LB ampicillin agar, EM- Autoclaved cattle manupesth
with E. coli O157:H7 suspension in sterile water, LB- LB ampicillin agarep|&M-

Autoclaved cattle manure mixed with sterile water
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Mean percent PCR positives (£. cofi O157:H7) on the body
surfacesof house flies at different day post exposure to

acquisition sources
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Figure 21. Comparison of mean percent PCR positive coloieso{i O157:H7)
obtained from house flies exposed to different acquisition sources. Baresent
standard errors. Means with different letters are signifigatitferent (p<0.05). (EPE.
coli 0157:H7 lawn on LB ampicillin agar, EM- Autoclaved cattle manubeethwith E.

coli O157:H7 suspension in sterile water)
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15.00 kV[1:56:24 PM |[ETD |350 x| 8.9 mm | 3.0

‘ HV ‘ 12,’22/2009‘ det | mag| WD |spot| —— 300 ym ———

Figure 22: Scanning electron micrograph of a house fly tarsusrsast b. claw, c.

pulvillus. Magnification=350x
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15.00 kV|4.02:41 PM |ETD |8 600 x|10.8 mm| 4.0

HV ‘ 11!13!2009‘ det | mag WD |spot| ——10uym —

Figure 23. Presence of bacteria-like organisms on the stigky dfathe pulvillus of a

house fly exposed to & coli O157:H7 lawn. Magnification = 8,600x.
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‘ HV ‘11/13/2009‘ det | mag WD |spot| — —5

15.00 kV|3:47:57 PM |ETD |18 519 % |10.7 mm| 4.0

Figure 24. Presence of bacteria-like organisms on the setae (hairs)arfstis of a house

fly exposed to aik. coli O157:H7 lawn. Magnification = 18,600x.
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-

HV ‘11!13[20b9‘ det | mag I I A e —

20.00 kV|2:44:15 PM |[ETD | 28 588 x| 9.7 mm | 3.5

Figure 25.Presenceof bacterii-like organisms on the stickiyairs of the pulvillus of .

house fly exposed té. coli O157:H7 mixed with manure. Magnificatic= 28588x.
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HY ‘ 11N 3/2009‘ det mag WD

1115.00 kV|[3:20:22 PM |[ETD | 17 623 x | 9.8 mm | 4.0

Figure 26.Presence of bacteria-like organisms on the tarsal hairedatsus of a house

fly exposed tcE. coli O157:H7 mixed with manure. Magnification = 17,623x.
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HV 11/20/2009 | det mag WD | spot —5uym—
15.00 kV|4:07:28 PM|ETD | 12000 x| 9.5 mm | 4.0

Figure 27. Pulvillus of a house fly exposed to LB ampicillin adrmwsng no bacteria-

like organisms. Magnification = 12,000x.
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2:45:08 PM|ETD 350 x| 8.2 mm | 3.0

‘12!2'212009‘ det | mag| WD |spot

‘15.00 kV

Figure 28. Labellum of a house fly showing numerous pseudotracheae. Magnifica60x.
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15.00 kV|3:30:05 PM |[ETD |7 003 x| 9.0 mm | 3.0

‘ HV ‘12!22!2009‘ det | mag WD | spot

Figure 29. Aggregates of bacteria-like organisms observed on the psebdat of the

labellum of a house fly exposed toB&rncoli O157:H7 lawn. Magnification = 7,003x.
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‘ HV ‘12!22!2009‘ det | mag s R A ——

15.00 kV[3:25:48 PM |ETD | 28 000 x| 9.0 mm | 3.0

Figure 30: Division of bacteria observed within the grooves op#ieeidotracheae of the

labellum of a house fly exposed to&ncoli O157:H7 lawn. Magnification = 28,000x
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HV 11/23/2009 | det mag WD | spot —5uym—
0.00 kV|9:52:14 AM |ETD |11 995 x| 7.6 mm | 4.0

Figure 31: Pseudotrachea of a house fly labellum expodedth O157:H7 mixed with

manure. Note the lack of bacteria-like organisms. Magnification = 11,995x.

81



REFERENCES

Ahmed, A., Nagaraja, T.G., Zurek, L. 2007. TransmissionEstherichia coli

0157:H7 to cattle by house flies. Preventive Veterinary Medicine. 80:74-81

Alam, M.J., Zurek, L. 2004. Association &kcherichia coli O157:H7 with house
flies on a cattle farm. Applied and Environmental Microbiology. 70:7578-

7580

Brandl, M.T. 2006. Fitness of human enteric pathogens on plants andaitimpiscfor

food safety. Annu. Rev. Phytopathol.44:367-392

Brandl, M.T. 2008. Plant lesions promote the rapid multiplicatioBsofierichia coli

0157:H7 on postharvest lettuce. Appl. Environ. Microbiol. 74:5285-5289

Brandl, M.T., Amundson, R. 2008. Leaf age as a risk factor in contamination of
lettuce with Escherichia coli O157:H7 andSalmonella enterica. Appl.

Environ. Microbiol. 74: 2298-2306

Buchanan R.L., Doyle, M.P. 1997. Foodborne disease significan&schérichia
coli O157:H7 and other enterohemorrhaBiacoli. Food Technology. 51:69-

76

82



De Jesus, A., Olsen, AR., Bryce, J.R., Whiting, R.C. 2003. Quantitative
contamination and transfer ddscherichia coli from foods by houseflies,
Musca domestica L. (Diptera:Muscidae). International Journal of Food

Microbiology. 93:259-262

Feng, P. 1995Escherichia coli serotype O157:H7: Novel vehicles of infection and

emergence of phenotypic variants. Emerging Infectious Diseases. 1:47-52

Graczyk, T.K., Knight, R., Gilman, R.H., Cranfield, M.R. 2001. The role of- non

biting flies in the epidemiology of human infectious diseases. 3:231-235

Gyles, C.L. 2006. Siga toxin-Producifggcherichia coli : An overview. Journal of

Animal Science. 85:E45-E62

Hassan, A.N., Frank, J.F. 2002. Influence of surfactant hydrophobicity on the
detachment oEscherichia coli O157:H7 from lettuce. International Journal of

Food Microbiology. 87:145-152

Hilborn, E.D., Mermin, J.H., Mshar, P.A., Hadler, J.L., Voetsch, A, Wojtkunski, C.,
swartz, M., Mshar, R., Lambert-Fair, M.A., Farrar, J.a., Glynn, M.K,,
Slutsker, L. A multistate outbreak discherichia coli O157:H7 infections
associated with consumption of mesclun lettuce. Arch Intern Med. 159:1758-

1764

Islam, M., Doyle, M.P., Phatak, S.C., Millener, P., Jiang, X. 2004. Ramsestof

enterohemorrhagi&scherichia coli O157:H7 in soil and on leaf lettuce and

83



parsley grown fields treated with contaminated manure compostggation

water.J. Food Prot. 67:1365-1370

lwasa, M., Makino, S., Asakura, H., Kobori, H., Morimoto, Y. 1999. Detection of
Escherichia coli O157:H7 fromMusca domestica (Diptera:Muscidae) at a

cattle farm in Japan. J. Med. Entomol. 36:108-112

Kaper, J.B., Nataro, J.P., Mobley, H.L.T. 2004. PathogEstberichia coli. Nature

ReviewgMicrobiology. 2:123-140

Kapperud, G., Rosef, O. 1983. House fliskigca domestica) as possible vectors of
Campylobacter fetus subsp. Jguni. Applied and Environmental

Microbiology.45:381-383

Kobayashi, M., Sasaki, T., Agui, N. 2002. Possible food contamination with the
excreta of housefly with enterohemorrhagecherichia coli O157:H7. Med.

Entomol. Zool. 53: 83-87

Kobayashi, M., Sasaki, T., Saito, N., Tamura, K., Suzuki, K., Watanabe, H,, Mgui
1999. House flies: not simple mechanical vectors of enterohemorrhagic

Escherichia coli O157:H7. Am. J. Trop. Med. Hyg. 61.:625-629

Konowalchuk, J., Speirs, J.l., stavric, S. 1977. Vero response to a cytotoxin of

Escherichia cali. Infection and Immunity. 18:775-779

Lindow, S.E., Brandl, M.T. 2003. Microbiology of the phyllosphere. Applied and

Environmental Microbiology. 69:1875-1883

84



Lynch, M., Painter, J., Woodruff, R., Braden, C. 2006. Surveillance for foodborne-
disease outbreaks — United States, 1998-2002. Morbidity and mortality
weekly report, Centers for Disease Control and Prevention. Surveillanc

summaries. November 10, 2006/55 (SS10):1-34

Macovei, L., Zurek, L. 2006. Ecology of antibiotic resistance ge@haracterization
of Enterococci from housefliescollected in food settings. Appl. Environ.

Microbiol. 72: 4028-4035

Mead, P.S., and Griffin, P.M. 1998&scherichia coli O157:H7. Lancet. 352:1207-

1212

Mitra, R., Cuesta-Alonso, E., Wayadande, A., Talley, J., GilllandF®tcher, J.
2009. Effect of route of introduction and hots cultivar on the colonization,
internalization, and movement of the human pathogscherichia coli

0157:H7 in spinach. J. Food Prot. 72: 1521-1530

Moriya, K., Fujibayashi, T., Yoshihara, T., Matsuda, A., Sumi N., Umezaki, N.,
Kurashashi, H., Agui, N., Wada, A. 1999. Verotoxin-produdisgherichia
coli O157:H7 carried by the housefly in Japan. Medical and Veterinary

Entomology. 13:214-216

Oliver, J.D. 2005. The viable but nonculturable state in bacteria. J. NotrdB: 93-

100

Oliver, J.D. 2009. Recent findings on the viable but nonculturable statehimgeaic

bacteria. FEMS Microbiol. Rev. 1-11

85



Peacock, E., Jacob, V.W., Fallone, S.M. 20B&cherichia coli O157:H7: etiology,
clinical features, complications, and treatment. NephrologysiNgrJournal.

28:547-555

Pringent-Combaret, C.P., Prensier, G., Thi, T.T.L., Vidal, O., Lejeun®dre], C.
2000. Developmental pathway for biofilm formation in curli-producing
Escherichia coli strains: role of flagell, curli and colonic acid. Environmental

Microbiology. 2: 450-464

Rangel, J.M., Sparling, P.H., Crowe, C., Griffin, P.M., Swerdlow, D.L. 2005.
Epidemiology ofEscherichia coli O157:H7 outbreaks, United States, 1982-

2002. Emerging Infectious Diseases. 11:603-609

Rochon, K., Lysyk, T.J., Selinger, L.B. 2004. Persistencdssherichia coli in
immature house fly and stable fly (Diptera:Muscidae) in icalato larval

growth and survival. Journal of Medical Entomology. 41:1082-1089

SAS Institute. 2009. SAS user’s guide. SAS Institute, Cary, NC

Sasaki, T., Kobayashi, M., Agui, N. 2000. Epidemiological potential of emorahd
regurgitation byMusca domestica (Diptera:Muscidae) in the dissemination of
Escherichia coli O157:H7 to food. Journal of Medical Entomology. 37:945-

949

Statistical Analysis Software, Version 9.1, 2009, SAS Institute, Cary U$2a

Schmittgen, T.D., Livak, K. 2008. Analysing real-time PCR datahbycomparative

CT method. Nature Protocols. 3: 1101-1107

86



Seo, K.H., Frank, J.F. 1999. AttachmentEstherichia coli O157:H7 to lettuce leaf
surface and bacterial viability in response to chlorine treatrmest
demonstrated by using confocal scanning laser microscopy. J. Food Prot.

62:3-9

Shaw, R.K., Berger, C.N., Feys, B., Knutton, S., Pallen, M.J., Frankel, G. 2008
Enterohemorrhagic Escherichia coli exploits EspA filamemtaftachment to

salad leaves. Appl. Environ. Microbiol. 74: 2908-2914

Shuaihua, P., Beaulieu, J.C., Prinyawiwatkul, W., Ge, B. 2009. Effectsaaf pl
maturity and growth media bacterial inoculums level on the inteatain of
Escherichia coli O157:H7 in growing spinach leaves. J. Food Prot. 72: 2313-

2320

Sivapalasingam, S., Friedman, C. R., Cohen, L., Tauxw, R. V. 2004. Fresh produce:
A growing cause of outbreaks of foodborne illness in the Uniteds Sh9& 3

through 1997. J. Food Prot. 67:2342-2353

Solomon, E.B., Yaron, S., Matthews, K.R. 2002. Transmisiioizssherichia coli
0157:H7 from contaminated manure and irrigation water to lettuaet pla
tissue and its subsequent internalization. Applied and Environmental

Microbiology

Su, C., and Brandt, L.J. 199&scherichia coli O157:H7 infections in humans.

Annals of Internal Medicine. 123:698-707

87



Sukontason, K.L., Bunchu, N., Methanitikon, R., Chaiwong, T., Kuntalue, B.,
Sukontason, K. 2006. Ultrasturucture and adhesive device in fly in families
callophoridae, muscidae and sarcophagidae, and their implication as

mechanical carriers of pathogens. Parasitol Res. 98: 477-481

Suri, R.S., Mahon, J.L., Clark, W.F., Moist, L.M., Salvadori, M., Garg, A.X. 2009.
Relationship betweerEscherichia coli O157:H7 and diabetes mellitus.

Kidney International. 75:S44-S46

Swerdlow, D.L., Bradley, A. W., Braday, R.C., Griffin, P.M., Tippen, S, T
Geldreich, E., Payne, B.J., Meyer, A., Wells, J.G., Greene, K.yhtBM.,
Bean, N.H., Blake, P.A. 1992. A waterborne outbreak in Missouri of
Escherichia coli O157:H7 associated with bloody diarrhea and death. Annals

of Internal Medicine. 117: 812-819

Szalanski, A.L., Owens, C.B., McKay, T., Steelman, C.D. 2004. Detection of
Campylobacter and Escherichia coli O157:H7 from filth flies by polymerase

chain reaction. Medical and Veterinary Entomology. 18:241-246

Takeuchi, K., Matute, C.M., Hassan, A.N., Frank, J.F. 2000. Comparison of the
attachment oEscherichia coli O157:H7,Listeria monocytogens, Salmonella
typhimurium, and Pseudomonas fluorescens to lettuce leaves. J. Food. Prot.

63:1433-1437

Talley, J.P., Wayadande, A.C., Wasala, L.P., Gerry, A.C., FletchddeSilva, U.,
Gilliland, S.E. 2009. Association @&scherichia coli O157:H7 with filth flies
(Muscidae and Calliphoridae) captured in leafy greens fields gretimental

88



transmission ofEscherichia coli O157:H7 to spinach leaves by house flies

(Diptera:Muscidae). Journal of Food Protection. 72:1547-1552

Tarr, P.l.,, and Bilge, S.S. 1998. Intimin dependence adherence mechanisms of
Escherichia coli O157:H7 and other shiga toxin produciggcoli strains. In :
Kaper, J.B and O'Brien, A.D. (Edd}scherichia coli O157:H7 and other
shoga toxin-producing E. coli strains.American Society for Microbiology,

Washington, D.C. pp 157-160

Tauxe, R.V. 1997. Emerging foodborne diseases: an evolving public health challenge.

Emerg. Infect. Dis. 3:425-435

Tyler, H.L., Triplett, E.W. 2008. Plants as a habitat for benefigrad/or human

pathogenic bacteria. Annu. Rev. Phytopathol. 46: 53-73

Ugbogu, O.C., Nwachukwu, N.C., Ogbuagu, U.N. 2006. Isolation of Salmonella and
Shigella species from house flieBlysca domestica L.) in Uturu, Nigeria.

African Journal of Biotechnology. 5: 1090-1091

Wachsmuth, LK., Griffin, P.M., Wells, J.G. 19%scherichia coli O157:H7, a cause
of hemorrhagic colitis and hemolytic uremic syndrome. Acta Paedipt.

33:603-612

Warriner, K., Namvar, A. 2010. The tricks learnt by human enteritogans from
phytopathogens to persist within the plant environment. Current opinion in

Biotechnology. 21: 131-136

89



Whittam, T.S. 1998. Evolution dEscherichia coli O157:H7 and other shiga toxin
producingE. coli strains. In : Kaper, J.B and O’Brien, A.D. (Ed&stherichia
coli O157:H7 and other shoga toxin-producing E. coli strains. American

Society for Microbiology, Washington, D.C. pp 195-204

World Health Organization, Fact sheef1®4, Revised January 2002. Foodborne
diseases,emerging. http://www.who.int/mediacentre  /factsheetsl24/fs

/en/print.html

Xicohtwencatl-Cortes, J., Chacon, E.S., Saldana, Z., Freer, E., Giron2QDA.
Interaction ofEscherichia coli O157:H7 with leafy green produce. J. Food

Prot. 72: 1531-1537

90



Mean dCt values and fold change values obtained from the gPCR analydie of

APPPENDIX

regurgitation spots of house flies exposed to different acquisition sources

fold

trt ID dCt ddCt change correction of fold
EM

1 Day O 12.52 0 1 1 1
EM

2 Day 4 8.305 -4.215| 18.5712626 18.57126 18.57126
EM

3 Day 8 9.3775 -3.1425| 8.83052982 8.83053 8.83053
EP

4 Day 0 3.025 0 1 1 1
EP -

5 Day 4 4.4325 1.4075| 0.37696435 1.4075| 2.652771] -2.65277
EP Day

6 8 4.78| 1.755|0.29627319 -1.755| 3.375263| -3.37526
SM

7 Day 0 13.582 0 1 1 1
SM

8 Day 4 13.506 -0.076| 1.05409142 1.054091] 1.054091
SM -

9 Day 8 | 12.58667 0.99533| 1.99354103 1.993541] 1.993541
LB

10 Day 0 15.77 0 1 1 1
LB

11 Day 4 1456 -1.21| 2.31337637 2.313376 2.313376
LB

12 Day 8 13.35 -2.42|5.35171022 5.35171] 5.35171
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Mean dCt values and fold change values obtained from the gPCR analydie of

manually spottedt. coli O157:H7 on spinach leaves at different time points

Day dCt ddCt correction fold change

DO E -0.08 0 1

D2 E -0.70167 -0.62167 1.5386517
D4 E 1.08 1.16 -1.16 2.2345743
D6 E 0.416667 0.496667 -0.496667 1.4109501
D10 E 0.89 0.97 -0.97 1.9588406
D12 E 1.048333 1.128333 -1.128333 2.18606
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Mean percent O157 positives recovered form external
body surfaces of house flies at different day post
exposureto acquisition sources

120

W\

=—4—LEF
——EM

LB
i ST

Mean percent O157 positives

Day post exposure to acqusition source

Comparison of mean perceht coli O157 positive colonies obtained from agglutination
test from house flies exposed to different acquisition source2{df38, F=11.2,
p<0.0001). Bars represent standard errors. EReli O157:H7 lawn on LB ampicillin
agar, EM- Autoclaved cattle manure mixed wihcoli O157:H7 suspension in sterile
water, LB- LB ampicillin agar plate, SM- Autoclaved cattl@mare mixed with sterile

water)
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Mean percent PCR positivesrecovered form external
body surfaces of house flies at different day post
exposureto acquisition sources
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Comparison of mean percent PCR positive colontescgli O157:H7) obtained from
house flies exposed to different acquisition sources. Bars repstardard errors. (EP-
E. coli O157:H7 lawn on LB ampicillin agar, EM- Autoclaved cattle manmixed with

E. coli O157:H7 suspension in sterile water)
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Scope and Method of Study: Insects may be involved in the dissamir@itihuman
pathogens to fresh produce. This study aimed to determiBecili O157:H7
could colonize the spinach phylloplane via regurgitation spots depositeouisg
flies after exposure tde. coli O157:H7 acquisition sources. Attachment and
colonization ofE. coli O157:H7 on the external body surfaces of the house flies
was also studied. Flies were exposed to different acquisitionesowith and
without E. coli O157:H7. Exposed flies were transferred to spinach plants and the
regurgitation spots on days 0, 4 and 8 were analyzed by relativetgtieatPCR.
Also bacteria were spotted onto spinach leaves subjected toveetfRCR to
understand the fate of tie coli O157:H7 without the insect involvement on the
phylloplane from 0-12 days post inoculation. Exposed fly legs and veads
dissected an#. coli 0157:H7 were enumerated by microbiological methods from
0-13 days post exposure. Mouthparts and legs of bacteria-exposed dlies w
examined by scanning electron microscopy.

Findings and Conclusions: The relative gPCR of the regurgitation spotged that the
E. coli O157:H7 DNA concentration increased on day 4 which suggested that the
bacteria multiplied within the regurgitation spots when flies aegquihe bacteria
from inoculated manure. The relative qPCR of the artificial sgpttid not show
any significant change in the coli O157:H7 DNA levels on the phylloplang.
coli O157:H7 persisted on the fly external body surfaces for 13 daglsa
colonization period was suggested from days 2-6. Overall the resdatah
suggested that fly regurgitation is an important mode of human mathog
dissemination under laboratory conditions. Regurgitant may be a pbtenti
nutrition source for the bacteria. Body hairs and pseudotracheabemtential
niches for the bacteria to survive until they reach a more suigsivieconment.
These data show the potential of house flies to contaminate spinach under
laboratory conditions. Future studies will be aimed on to study thterizc
survival after regurgitation under field conditions.
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