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House fly, Musca domestica L., dispersal up to 3 km from a dairy release site into a nearby 

town was documented in this study. Dispersal occurred by both direct flight across multiple, 

mixed habitat types including open fields with interspersed tree copses, and by corridors and 

edges provided by local roads. Marked flies were collected at an adjacent dairy, and at most traps 

that were set along two well-travelled roads connecting the dairies and the town. Additionally, 

one marked fly was captured on a trap that was placed outside of a restaurant in town 3 km from 

the release site. In total, 0.67% (250) of marked house flies were recaptured from a total release 

of 37,2000 marked flies over 11 wk. 

 Escherichia coli O157:H7 was isolated from two dairies in north-central Florida using 

immunomagnetic separation followed by direct culture plating onto CHROMAgar and sorbitol 

MacConkey agar supplemented with potassium tellurite and cefixime (CT-SMAC) selective 

media. Presumptive identification of E. coli O157:H7 was confirmed by polymerase chain 

reaction (PCR) using the fliCH7 and rfbEO157 gene amplification. 

 Dairy samples that were tested included pools of house flies, spilled grain, and fresh dairy 

cattle manure. Forty-two percent (24/57) of samples were positive by direct-culture using both 
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CHROMAgar and CT-SMAC agar, with 11 positive samples from CHROMAgar and 13 positive 

samples from CT-SMAC agar. The 24 positive samples were submitted to PCR; of those 24 

samples, 14 (58%) were confirmed by PCR. Two of the PCR-confirmed samples were false-

negatives on CHROMAgar media, but presumptive positive on CT-SMAC media, indicating the 

importance of analyzing samples by more than one method, and demonstrating the sensitivity of 

PCR. 

 Direct culture prevalence rates from CHROMAgar were 14.0% (8/57) for house flies, 

5.3% (3/57) for grain, and 0% (0/57) for manure. The rate of CHROMAgar isolation of E. coli 

O157:H7 from house flies was 2.6 times greater than from grain. The PCR confirmation rates 

were 67% (8/12) for house flies, 56% (5/9) for grain and 33% (1/3) for manure. These data 

suggest that detection of E. coli O157:H7 on dairies might be more accurately determined by 

testing house flies instead of grain or manure samples, regardless of which isolation method is 

utilized. 

Flies are easy to collect and process, and because they disperse into urban areas, they 

provide valuable information regarding a mobile element for pathogen transmission that is 

lacking in grain and manure samples. House flies should be an important consideration in the 

design of a pathogen monitoring program on dairies. 
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CHAPTER 1 
INTRODUCTION AND LITERATURE REVIEW 

Introduction 

 With projected increases in global and local temperatures (West 1951, Borror et al. 1989, 

Gullan and Cranston 2000, Goulson et al. 2005, Meerburg et al. 2007), there will likely be a 

concomitant increase in insect vector populations, such as filth flies (Gratz 1999). This may 

potentially cause an increase in diarrheal diseases transmission by enteric bacteria such as 

Escherichia coli Castellani and Chalmers, Shigella spp., and Salmonella spp., due to mechanical 

transmission of pathogenic organisms by filth flies (Greenberg 1971, Greenberg 1973). 

 Filth fly life-cycle developmental times for each developmental stage decrease in 

duration with increased temperatures; as a result, the number of generations per year increases, 

and in temperate areas, can result in the establishment of year-round fly populations. Higher-

than-normal, year-round filth fly populations, living in close proximity to human populations, 

carrying viable antibiotic-resistant bacteria in their digestive tracts, and are themselves resistant 

to multiple pesticides (Kaufman et al. 2001), present a tremendous potential for significant 

increase in human disease. Petridis et al. (2006) documented E. coli O157:H7 genetic transfer of 

antibiotic resistance within the house fly, Musca domestica Linnaeus, gut. Additionally, house 

flies can travel as far as 8 km (13 mi) from their breeding sites (Bishopp and Laake 1921, West 

1951, Quarterman et al. 1954, Saccá 1964, Stein 1986, Milio et al. 1988). This increases the 

potential for introduction of diseases across species, particularly from dairies with large house fly 

populations (Kaufman et al. 2005), to nearby human population centers. 

 Due to anticipated expansion of existing urban areas and the simultaneous expansion of 

animal facilities, large animal-rearing facilities with concomitant filth fly populations will be 

increasingly in closer proximity to large human populations. The close proximity becomes a 
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significant human health threat when the animal and human populations are within the filth fly’s 

normal flight distance, due to the increased opportunities available to the fly. This is of special 

concern in urban areas with hospitals producing biohazardous human waste, and in areas where 

both farms and urban centers generate antibiotic-resistant bacterial pathogens which can then be 

transferred between sites. The goal of this research is to determine the public health threat posed 

by house fly, transmission of enterohemorrhagic Escherichia coli, across the rural-urban 

interface between rural dairy farms and nearby urban residential areas. 

True Flies 

 The house fly is a true fly. All true flies are in the Order Diptera, (Latin, di "two" + ptera 

"wings"), with hind wings that have been reduced to clubbed halteres. The halteres serve as 

balance-sensory organs and project from the mesothorax at the site where hind wings would 

normally be located. Thus, true flies have only one pair of true wings (Borror et al. 1989). 

Possession of only one pair of wings, accompanied by the presence of halteres instead of the 

typical insectan characteristic of two pairs of wings, is a characteristic unique to Diptera, and 

serves as an easily-observed visual diagnostic for differentiation of adult flies from most other 

adult insects. There are some exceptions to the one-pair of wings characteristic: some insects in 

other orders, e.g., some mayflies (Ephemeroptera), have only one pair of wings, but lack halteres 

(Borror et al. 1989). A more notable exception are male scale (Coccoideae) insects. Like Diptera, 

male scale insects possess halteres; however, scale halteres are bristled hooks instead of clubbed 

processes typical of true flies. Additionally, male scale insects lack mouthparts, and typically 

have one (rarely two) style-like process projecting from the abdominal tip (Borror et al. 1989). 

 There are 108 families of true flies (Olsen 1998), with an estimated 100,000 (Smith 1986) 

to 120,000 (Borror et al. 1989) identified species in the world. Identification of new species 

during the past20 years has increased that number to more than 150,000 fly species (Thompson 
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2009). Diptera are one of the largest orders of insects. Large, diverse populations are typical in 

most locations (Borror et al. 1989) with more than 20,000 species of Diptera in the Nearctic 

Region alone (Mullen and Durden 2002). 

Medically and Economically Important Flies 

 Of the more than 150,000 true fly species (Thompson 2009), 350 (Greenberg 1971) are of 

medical, veterinary, and/or economic importance to humans, either because they transmit the 

pathogens that cause disease, or because they interfere with animal-rearing and crop production. 

Many of these flies are synanthropic, whereby they exhibit such strong associations with humans 

and domestic livestock that they are typically found living only with humans and in human 

environments (Borror et al. 1989). Fewer than 3.5% of flies representing fewer than 350 species 

in 29 families are associated with pathogen transmission. (Greenberg 1971). One species, M. 

domestica (Diptera: Muscidae), is so synanthropic that it is commonly referred to as the house 

fly (Howard 1900, Hewitt 1910, Hatch Jr. 1911, Parkes 1911, Mullen and Durden 2002). 

House Fly 

 Flies have had a major impact during wars, due to transmission of enteric pathogens that 

cause diarrhea, dysentery and typhoid fever. Some war-related examples follow. In 1898, the 

role of flies in pathogen transmission was discovered during the Spanish-American War (ANON 

1940), as more soldiers died from typhoid fever, which is transmitted by house flies, than from 

battle injuries (Cirillo 2006). This discovery resulted in the application of the name “typhoid fly” 

to M. domestica and the publication of a 2-volume report by a commission of medical officers 

chaired by Walter Reed (ANON 1940). Combatants in the Anglo-Boer War, also waged in the 

late 1890’s, suffered more deaths from typhoid fever than from battle injuries (Cirillo 2006). 

Subsequently, public health efforts were waged in the United States against the typhoid fly. 
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Walter Reed and his commission determined that M. domestica was predominantly responsible 

for the transmission of typhoid fever (ANON 1940, Cirillo 2006). 

 During World War II, in 1942, United States Army camps suffered a “massive epidemic 

of bacillary dysentery.” It was determined by serological and biochemical cultures that the same 

species of bacteria was present in the flies and in more than 91% of the infected soldiers. 

Importantly, no flies had been observed at the bivouac site prior to the Army’s arrival. However, 

cases of dysentery and numbers of flies increased rapidly. After fly control measures were taken, 

the number of flies and the incidence of dysentery  both decreased. Although no mortality 

occurred during this epidemic, 22% of the soldiers in the Division tested positive for the 

pathogenic organism. Infected persons were incapacitated for two to seven days. 

 Changes in technology led to reduced breeding sites for house flies that in turn led to 

reduced numbers of flies and fewer concomitant cases of diseases in which flies were implicated. 

For example, Graham-Smith (1939), as cited in ANON (1940) attributed the decrease in summer 

diarrhea of infants to the increased use of automobiles with concomitant decreased use of horse-

drawn carriages. 

Nomenclature 

 Nomenclature of flies has varied over time, among countries, and between professional 

organizations. For example, in the United States, current convention for entomological 

terminology (Borror et al. 1989) in the largest North American entomological organization, the 

Entomological Society of America (ESA), specifies that common names for true flies include the 

word "fly" as a separate word: e.g., house fly, stable fly, horn fly, deer fly, horse fly, sand fly, 

etc. Correspondingly, this ESA convention specifies that insects in other orders, which are not 

true flies, append the suffix "-fly" to the common name root word: e.g., sawfly, stonefly, 

caddisfly, dragonfly, damselfly, etc. In contrast, older North American literature (before 1970), 
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often cites "the housefly," as one word (Matthysse 1945, Olson and Dahms 1945, Wilkes et al. 

1948, West 1951, Floyd and Cook 1954, Saccá and Rivosecchi 1958, Saccá 1958, Greenberg 

1959a). 

Disparity of common names was a very big problem in much of the early literature, and 

can make historical research difficult. Two of the largest and most prominent entomological 

organizations in the United States formed standing committees just after the turn of the 20th 

century to resolve this matter: the American Association of Economic Entomology (AAEE) in 

1903, and the American Entomological Society (predecessor to the current ESA) in 1907. The 

AAEE published the first list of common insect names in 1908, in which it formally established 

the use of "house fly," vs. "housefly," as the common name for M. domestica. In 1940, the 

AAEE and ESA insect nomenclature committees co-published this list of authorized common 

insect names as a joint committee. In 1953, AAEE was absorbed into ESA and the resulting ESA 

has continued publication of the list to the present. The list was originally published as a book 

(Stoetzel 1989, Bosik 1977), but is now available only online as database (ESA 2009). A more 

detailed description of the history of insect common name nomenclature is available for the 

interested reader (Chapin 1989). 

 Unfortunately, while adherence to the common names in this database is required for 

publication in ESA publications, many other peer-reviewed publications do not comply with this 

attempt to unify nomenclature. This is particularly true in medical publications, but is also true 

for some entomological journals that do not fall under ESA oversight. However, continued 

emphasis of standardized and unified common name nomenclature does seem to have succeeded 

in reducing the number of publications using non-standardized nomenclature; overall usage of 
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insect common names is fairly well established throughout most of the ESA peer-reviewed 

literature in the United States. 

 In non-ESA publications worldwide, "housefly" is still in use today (Zarrin et al. 2007, 

Malik et al. 2007, Black IV and Krafsur 2008, Cafarchia et al. 2009). Additionally, the reader 

will find multiple common names used for a particular insect. One will find that the same 

common name can refer to many different insects, depending on local nicknames found in 

different geographical locations. There might be, as in the case of the house fly, multiple sub-

species of the insect that are so closely related they share not only their common name, but 

Linnaean classification as well. For example, Musca domestica vicina Macquart, sometimes 

referred to as M. vicina, is the oriental house fly; however, it is often reported in the literature 

simply as "house fly," thus confusing it with M. domestica. 

Origin and Distribution 

 The house fly is a cosmopolitan pest that is strongly associated worldwide with human 

habitation, especially when domestic animals such as livestock, horses and poultry are present 

(West 1951). For all practical purposes, wherever humans live, the house fly also resides. The 

house fly is excluded from arctic regions and higher altitudes due to extended cold temperatures 

(West 1951). 

Classification and Taxonomy 

 Within the Order Diptera, the house fly is classified by Borror et al. (1989) as Suborder 

Brachycera, Infraorder Muscomorpha (Cyclorrhapha), Division Schizophora, Section 

Calyptratae, Superfamily Muscoidea, Family Muscidae, Genus Musca, and species domestica 

Linnaeus 1758. Each of these classification levels reflects some morphological trait that is 

characteristic for M. domestica. 
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 The Suborder Brachycera contains the short-horned flies (Borror et al. 1989), so named 

because they typically have short antennae with five or fewer segments. In contrast, flies the 

suborder Nematocera typically have long narrow antennae with 13 or more segments (Borror et 

al. 1989). Placement in Infraorder Muscomorpha (Cyclorrhapha) is based partially on the method 

of adult emergence from the puparium. The Muscomorpha includes the more advanced and 

specialized (higher) Diptera, which emerge through two slits that together appear “T-shaped” on 

the anterior portion of the relatively stout, oval puparium (Jones 1977). Muscomorpha open these 

slits by alternately expanding and contracting a specialized inflatable sac (ptilinum) that is 

present on the head of emerging cyclorrhaphous flies. The pressure of the expanded ptilinum 

against the puparium causes the slits, only a few cells thick, to part so that a roughly circle-

shaped opening is formed from which the fly emerges. The ptilinum retracts into the head shortly 

after emergence, but a seam (frontal suture) that is described both as being circular (Jones 1977), 

or as being shaped like a horse-shoe (Hogsette, personal communication), remains visible in the 

adult fly (Jones 1977). The presence of a frontal suture in adult flies is responsible for 

classification into the Division Schizophora. In contrast, Aschiza adults typically lose their 

ptilinum and lack a frontal suture. Schizophora are divided into two sections (Calyptratae and 

Noncalyptratae) based on possession or lack of a pair of calypters (squamae, alulae) and a 

thoracic transverse suture (West 1951). Calyptrate flies possess well-developed calypters that are 

large enough to conceal the halteres and they have an easily-observed transverse suture. 

Biology and Ecology 

 The literature is replete with bionomic information concerning the house fly and closely 

related filth flies. Excellent monographs on M. domestica are available (Hewitt 1914, West 

1951). A comprehensive monograph on the synanthropic black blow fly, Phormia regina 

Meigan, provides excellent information regarding the physiological aspects of eating that are 
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also illustrative for M. domestica (Delthier 1976). Greenberg (1971, 1973) wrote a thorough two-

volume series that specifically addresses flies and pathogen transmission. Although much of the 

early literature is dated, these monographs provide tremendously useful information that is not 

easily available in the current literature. The wealth of information provided by these authors is 

tremendous, and should not be neglected by anyone interested in studying the house fly or 

related muscids. 

Life-cycle 

 House flies have a holometabolous life-cycle (Borror et al. 1989), which consists of four 

stages: egg, larva, pupa, and adult. Development of house flies at each life stage is temperature-

dependent, so that the entire life-cycle can be completed in as few as 8 d in the summer (West 

1951). However, the typical life-cycle for development from egg to adult in temperate zones 

ranges from 10-14 d. First stage larvae hatch from the eggs within 8-12 h after oviposition. The 

three larval stages are typically completed as follows: first instar in 20 h – 4 d, second instar in 

24 h to several days, and third instar in 3-9 d. The pupal stage lasts an average of 5 d, although 

adverse conditions may extend this to several weeks. The adults live several weeks, with females 

generally living longer than males. During summer, adults may live 2-3 wk while cooler 

temperatures during spring and fall may contribute to adult longevity for up to 3 mo (West 

1951). 

 House fly eggs have a glossy white (West 1951) or creamy color (Mullen and Durden 

2002), are approximately 1 mm in length (West 1951), but can range in size from 0.8-2.0 mm 

(Mullen and Durden), and are approximately 0.25 mm in width (West 1951). House fly eggs 

exhibit a slight concave indentation on the dorsal side that is due to the presence of two 

longitudinal ridges (ribs) that taper towards each other anteriorly (West 1951, Mullen and 

Durden 2002) to form hatching pleats (Mullen and Durden 2002). Gravid females disperse their 
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eggs methodically throughout available breeding substrates, depositing them either individually 

or in masses (West 1951). The females walk over and crawl carefully through the breeding 

substrate, seeking cracks and crevices into which they extend their ovipositor  to dispense ova. 

The ova are laid so that they "rest on their broader posterior ends" (West 1951). Females oviposit 

4-8 d after mating, and may take up to 24 h to deposit each batch of 100-150 eggs. A total 

lifespan deposition of 4-6 batches of eggs can occur when flies are permitted to oviposit every 

two weeks (West 1951). Flies that are maintained in colony are induced to lay eggs every other 

day after they are five days of age (Hogsette, personal communication). 

 House fly larvae are also called maggots (Moon 2002). House fly larval length increases 

approximately 25 percent during each of three molts and body weight can increase 54-fold in 4 d 

(West 1951). Third instars are approximately 12 mm (West 1951) to 15 mm (Moon and Meyer 

1985) in length. House fly larvae possess two fused (Roback 1944) mouth hooks in their reduced 

(Moon 2002), unsclerotized head (Borror et al. 1989) that is located at the anterior, pointed end 

of a tapered body. The head lacks eyes but possesses small papillae-like antennae (Moon 2002). 

The larvae are creamy white in color (Moon 2002). The mouth hooks move in a vertical plane 

(Borror et al. 1989), providing physical evidence that these larvae are non-predaceous, because 

their mouth hooks do not permit grasping. Instead, these mouth hooks permit the larvae to pull 

themselves through the media in which they live. House fly larvae are primarily sarcophagous, 

i.e., they feed on rotting organic matter (West 1951) (Gr. sapros, rotten; phagein, to eat). House 

flies are also reported to be coprophagous, i.e., they feed on dung (Hammer 1941) (Gr. kopros, 

dung). The paired mouth hooks can be retracted into the oral cavity or extended out, and are used 

to help the larva move through food substrates (Moon 2002). House fly larvae are legless (Borror 

et al. 1989). Each of the eight abdominal segments has a transverse row of spines on the ventral 
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surface (creeping welts) that are used to facilitate movement (Moon 2002). House fly larvae 

possess a pair of lateral spiracles on the prothorax of second and third instars and a pair of 

spiracles at the last abdominal segment of all instars (Moon 2002). 

 The posterior (caudal) spiracles and associated structures are useful for aging and 

identifying muscid immatures, especially in third stage larvae (Moon 2002). Posterior spiracles 

are located on a spiracular plate which is encircled either completely or partially by a sclerotized 

peritreme. Developmental age can be determined to instar by counting the number of spiracular 

slits. First and second house fly instars possess two spiracular slits inside the spiracular plate, 

while third instars possess three slits.  

 House fly larvae can be identified to species by examining the shape and orientation of 

the spiracles, the location of the molt scar, and the peritreme shape. House fly larvae have 

sinuous spiracles partially surrounding a large molt scar. The peritreme is completely sclerotized 

and encircles the spiracular area, with the peritreme flattened along the interior edge and the molt 

scar located mid-way along the interior flattened edge of the peritreme. Closely related muscid 

larvae such as the stable fly, Stomoxys calcitrans (L.), with similar body shapes and sizes can be 

differentiated by s-shaped spiracular slits surrounding a small molt scar that is located in the 

center of a spiracular plate that lacks a flattened interior edge (Moon 2002).  

 Mature 3rd instars migrate from the deeper moist, fermenting parts of the larval medium 

up into drier crusty top-layers (Greenberg 1959d). Once there, they wander for approximately 24 

hours, during which time they cease feeding in preparation for pupation so that the prepupal gut 

is empty and contracted (Greenberg 1959d). 

 The third instar’s integument becomes hardened during the process of pupariation, to 

form a puparium, in which the fly will complete its development (Moon 2002). House fly pupae 
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are accurately called puparia (West 1951), to reflect the enclosure of the exarate (coarctate) pupa 

within the sclerotized last larval cuticle, in contrast to larval metamorphosis within a specially 

constructed pupal structure that is typical for insects other orders such as Lepidoptera and 

Coleoptera (Gullan and Cranston 2000). The puparium is red to brown in color and barrel-shaped 

(Moon and Meyer 1985) and typically 6.3 mm in length (West 1951). Pupariation takes at least 6 

h, with sclerotization gradually darkening the integument to its final dark brown color during this 

process (West 1951). 

 The pupal stage typically lasts 5 d (West 1951), but can range from 3-10 d (Moon and 

Meyer 1985), depending on temperature (West 1951, Moon and Meyer 1985). During adverse 

conditions, the pupal stage can last several weeks, and pupae may be able to hibernate (West 

1951). Pupae are usually located in a cooler (West 1951) and drier (Moon and Meyer 1985) 

location than feeding larvae. Third instar nonfeeding prepupae disperse to find suitable locations 

for pupal development. Large pupal aggregations numbering in the thousands can be found close 

to the medium surface and in surrounding soil (Moon and Meyer 1985). 

 Pupal development lasting 4 d at 35 °C (Greenberg 1959b) occurs with daily 

physiological changes. Within the first day, the pupa molts, and is encased in a transparent 

molting membrane with the head uneverted. On the second day, the head everts, and the 

compound eyes are amber. On the third day, the eyes are orange or brown and bristles exhibit 

slight pigmentation. On the fourth day, the fly ecloses (Greenberg 1959b). 

 House fly adults are small to medium sized flies approximately 6mm in length (West 

1951). However, they may range in size from 3-10 mm (Byrd and Castner 2009) or from 4-12 

mm (Moon 2002). Numbers of adults and adult size are reduced by inadequate larval nutrition 

(West 1951) or by high larval population density (Sokal and Sullivan 1963, Black and Krafsur 
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1985). Density-induced adult size changes can influence mating success (Baldwin and Bryant 

1981).  

 The house fly life-cycle length can vary due to one or a combination of multiple factors 

such as: temperature (Hewitt 1910), relative humidity (Hewitt 1910), and light (Greenberg 

1959e). Additional factors that can influence developmental times include geographical region 

(Black and Krafsur 1968); season (LaBreque et al. 1972); breeding substrate composition (Skoda 

et al. 1993), pH, and moisture content (Evans 1916); population density ( Haupt and Busvine 

1968, Taylor and Sokal 1977); and nutrition (West 1951). 

 House flies begin their life-cycle shortly after adult emergence. Males and females 

emerge in approximately equal proportions when adequate nutrition is available (West 1951). 

When insufficient nourishment is available, significantly smaller males develop and these greatly 

outnumber the females (West 1951). 

 The time required for sexual maturity in newly emerged adult house flies was reported as 

1 d by Riemann et al. (1967). Murvosh et al. (1964) found that males are sexually mature at 16 h 

and females at 24 h. A great deal of research has been conducted to determine the preoviposition 

period of house flies, for the purpose of concentrating control efforts against adults before 

oviposition occurs (Hutchison 1916). Hutchison (1916) determined that preoviposition periods 

range from 2.5 – 23 d, and are greatly influenced by temperature. His data imply that 

preoviposition periods also may be influenced by humidity and adult diet. Bishopp et al. (1915) 

also studied preoviposition periods, and they observed a seasonal / temperature influence on the 

preoviposition period, i.e. the period between emergence and oviposition, during which the fly 

becomes sexually mature and copulation takes place (Mellor 1919). Bishopp et al. (1915) 
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observed preoviposition periods of 4 d in summer vs. more than 10 d in spring and fall, and 

Hewitt (1910) observed long preoviposition periods of up to 14 d. 

 Several days elapse between sexual maturity and copulation, so that females typically 

mate when 3-4 d old (West 1951). Adult female house flies are typically monogamous, with only 

a small percentage mating more than once, and none  more than a few times. Monogamy appears 

to occur due to a threshold limit for the receipt of seminal fluid (not of sperm) which can be 

reached by interrupted matings. Matings with castrated males can also result in loss of 

receptivity. Females may become sexually receptive again after 20 consecutive days of 

oviposition. Transfer of sperm is essentially completed within 10 minutes, although flies remain 

coupled for approximately 1 h. Even those adult female flies that mate more than once restrict 

their copulations to only a few times (Riemann et al. 1967). Flies copulate with the smaller male 

positioned directly above and clasping the female, with both insects facing the same direction, 

and with their abdominal tips connected (West 1951). 

Breeding substrates 

 House flies are cosmopolitan opportunists, and are associated with a wide variety of 

decomposing organic materials (Lole 2005). Availability of a natural substrate is the most 

important factor for house fly selection at any particular location and in a specific moment. 

Natural substrates consist of a tremendous variety of materials, including manure from cattle, 

horses, sheep, dogs, and humans; spilled grains; compost; garbage and landfills (Lole 2005). 

House flies are ubiquitously abundant on cattle farms, due to the availability of preferred 

breeding sites such as decaying grain-based feed and manure (Skoda et al. 1993). 

 Larvae spend their entire developmental life-cycle within the substrate selected by the 

gravid females. In general, house fly larval abundance in substrates reflects localized abundance 

of that particular substrate. For example, prior to the development of the automobile, enormous 
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house fly populations were observed in horse manure that was greatly abundant in urban streets. 

Post-automobile, we find very few references to house flies breeding in urban horse manure. 

Currently, we find that house fly problems at animal-rearing facilities, rather than in urban 

streets, dominate the literature. Current fly problems coincide with increased numbers of ever-

enlarging commercial facilities, which struggle to manage the copious amounts of fecal waste 

generated by the intensively-reared animals. 

Nutrition and diet 

 Survival rate at each developmental stage, pupal weight, and adult fecundity are 

important measures of the nutritional status of reared flies. Larval populations that do not receive 

adequate nutrition usually produce smaller flies with higher proportions of males. House fly 

larvae are successfully maintained in the laboratory on a variety of diets. After nutritional 

provision, important factors to consider in selecting a rearing medium are ease-of-use, expense, 

and inhibition of molds and fungi. 

 Sukhapanth et al. (1961) compared fly development in a synthetic diet (“100 g rice bran 

and husk, 350 g dry, low-fat powdered milk, 75 icing sugar, 15 g Baker’s yeast and 200 ml of 

2% KOH in normal saline solution”), a natural diet (“fresh cow meat”), and a combination of the 

two. House fly egg production and survivorship was highest at all developmental stages on the 

combined synthetic/meat diet and lowest at all stages on the synthetic diet. Sukhapanth et al. 

(1961) did not describe pupal weights, or adult sizes, so that comparison to diets used by other 

researchers cannot be made without repeating Sukhapanth’s work. 

 Hogsette (1992) created the Gainesville house fly diet (GHFD) containing 30% alfalfa, 

50% wheat bran, and 20% corn meal to take advantage of year-round locally-available feed 

components. Mean larval weight (15 g) and adult eclosion rates from the GHFD diet did not 

differ significantly from that of the Chemical Specialties Manufacturers’ Association larval 
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medium (CSMA) (Greenberg 1959b). CSMA is composed of 33% wheat bran, 26.7% alfalfa 

meal, and 40.0% brewer’s grain (Greenberg 1959b). Additional benefits that Hogsette (1992) 

described for use of GHFD over CSMA were decreased costs, reduced delivery times, decreased 

storage time, increased feed quality, and suitability for stable fly, Stomoxys calcitrans L. larvae 

by addition of peanut hulls to the GHFD in equal volumes. 

Bacteria as Food 

 The nutritional needs of house fly larvae are fulfilled by consumption of micro-organisms 

and other substances located within the decomposing organic matter that also serves as a 

breeding substrate. Some natural components of substrates used for larval development of M. 

domestica are microorganisms, such as bacteria, viruses, and parasites. Postulation that house 

flies eat bacteria, and not just the decomposing substrate materials used for larval development, 

led to experiments to rear M. domestica in various synthetic media. Schmidtmann and Martin 

(1992) determined that house fly larvae depend either on the bacteria or bacterial metabolic 

products for essential nutrients. In some studies, agar-based systems with known microbial 

organisms have been used to rear house fly larvae (Schmidtmann and Martin 1992, Watson et al. 

1993, Lysyk et al. 1999) and larvae were observed  during development (Perotti and Lysyk 

2003). 

 Bacterial communities of decomposing organic substrates can change rapidly, due to a 

series of complex biotic and abiotic interactions (Archer and Young 1988, Jiang et al. 2002). 

Environmental conditions such as temperature and relative humidity affect several substrate 

factors, including decomposition rate, available water content, pH, and availability of oxygen. 

Bacterial communities can also be impacted by the metabolic processes of the competing 

microorganisms (Jiang et al. 2002). 
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 Investigation into microbial contributions towards house fly larval development has led 

to experiments in which many specialized diets are used for rearing the larvae. These specialized 

diets are narrowly defined by specific nutritional terminology such as "axenic," "gnotobiotic," 

"holidic,” and "meridic.” Because some researchers are describing the substrate as a rearing 

medium rather than defining the nutritional composition of the medium, words such as "aseptic" 

and "sterile" have alternatively been used. Usage of these words is not consistent among 

researchers, and comparison of rearing methods must be carefully assessed by perusal of the 

scientist's methods rather than by the word used to describe the larval rearing medium. 

 Some subtle, but important differences separate each of these words. Although "axenic" 

and "aseptic" are frequently used synonymously in arthropod literature (Rodriguez 1966); both 

terms refer to the rearing of target organisms with no other living organisms present, e.g., rearing 

sterilized house fly in media containing only inert nutrients such as synthetic diets or nutrient 

agars. The composition of inert components might or might not be specified. “Sterile” is 

synonymous to axenic and aseptic, as seen in the rearing of house fly larvae on synthetic egg 

yolk media and on blood agar plates that contained no other living organisms (Watson et al. 

1993). “Gnotobiotic” refers to rearing of the target organism with only one other living organism 

present, e.g.: a gnotobiotically reared house fly is an aseptic fly that was fed known quantities of 

precisely defined foods, such as pure cultures of either Salmonella typhimurium or Proteus 

mirabilis in known concentrations (Greenberg et al. 1970, Watson et al. 1993). Many studies that 

are termed “axenic” would fall under the more specific term “gnotobiotic” due to provision of 

bacteria species; thus, it seems that the term gnotobiotic has been generally supplanted by the 

term axenic. Regardless of gnotobiotic status, axenic studies provide information about 

nutritional responses (Rodriguez 1966) and have been used to determine the relationship of 
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bacteria and immature fly development by many researchers including Schmidtmann and Martin 

(1992), Watson et al. (1993), and Lysyk et al. (1999).  

 The terms “holidic” and “meridic” were introduced by Dougherty (1959), as cited in 

Rodriguez (1966), to differentiate between diets that contain only components with completely 

known chemical structures (holidic) or diets that add components with unknown chemical 

structures, such as agar, to a holidic base (meridic) (Rodriguez 1966). 

Microbiology 

 Musca domestica hosts a large variety of bacterial fauna, both internally and externally 

(Greenberg 1973). Due to the house fly’s association with a wide variety of fecal and 

decomposing organic materials, what can be considered natural fauna versus environmentally 

obtained fauna is unclear. Despite this, Greenberg (1959c) postulated that Proteus vulgaris, 

Proteus mirabilis, Aerobacter aerogens and Escherichia freundii might be considered the 

“normal flora” of house flies, after he isolated these bacteria from both laboratory flies reared on 

the CSMA diet  and from natural populations of flies collected from horse manure. He further 

concluded that these bacteria are probably the predominant species in CSMA 

 The advent of the microscope conferred the ability to study microorganisms, while 

culture methods provided the ability to grow microorganisms. Used together, these two 

technologies contributed greatly to the progress that has been made in isolating pathogens from 

M. domestica and related flies. Since then, the house fly has been determined to be capable of 

transmitting more than 100 microorganisms, including bacteria, parasites, viruses, and yeasts 

(Greenberg 1973). Many of the microorganisms isolated from house flies are pathogenic to 

humans. 
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Microorganism persistence, replication and genetic transfer 

 Extensive research has been conducted to examine the ability of microorganisms to 

survive (persist) (Ledingham 1911; Graham-Smith 1912; Greenberg 1959b, 1959c; Sasaki et al. 

2000; Zurek et al. 2001; Nayduch et al. 2005) and multiply (replicate) within the house fly's 

alimentary canal and associated organs (Petridis et al. 2006, Macovei et al. 2008). The ultimate 

goal is to determine the potential for biological (versus “merely” mechanical) transmission of 

pathogenic agents by the house fly.  

 Microorganisms are consumed by larval house flies which depend on the pathogens or 

their metabolic products for growth and development (Greenberg 1959b). Microorganism 

survival from the larval to the adult fly stages could result in increased dissemination by the 

house fly (Greenberg 1959b,d,e). Greenberg (1959c,d,e) observed large declines in the number 

of bacteria in the prepupae and emergent adults. He attributed the decline in prepupae to a 

cessation of feeding with continued excretion prior to pupation. This was confirmed by 

observation that the house fly prepupal gut is empty and contracted in contrast to the fully 

distended gut of actively-feeding larvae (Greenberg 1959d). The decline of bacterial counts in 

newly emergent flies was attributed to the molting of foregut and hindgut during pupation 

(Greenberg 1965). This was confirmed by counting the number of bacteria present in shed 

puparia (105) versus the number of bacteria on the newly emerged flies (102). Greenberg (1965) 

reported that the bacteria survived the pupal period within the shed foregut and hindgut portions 

outside of the pupal fly, and were separated from the fly by a thin membrane. Therefore, adult 

flies emerged from the puparium with relatively few bacteria. Those bacteria that did remain 

within the fly were in the midgut, which is not shed during molting (Greenberg 1965). 

 Bacteria were reported to survive in the adult fly for up to 12 h on the surface, and up to 

30 h in the gut and feces (Grübel et al. 1997). Sasaki et al. (2000) reported survival of 
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microorganisms for up to 3 d in the mouthparts and up to 4 d in the crop. The adult house fly 

mouthparts consist of a proboscis, which has two fleshy labella that can be spread out, sponge-

like, over food surfaces, to implement a suctorial action for uptake of liquids and minute food 

particles. Finally, the proboscis can be retracted into the head capsule, thus providing a micro-

habitat for bacteria that is relatively protected from desiccation and UV light (Kovacs et al. 

1990). The proboscis also has one row of 5-6 three-cusped (trifurcated) prestomal teeth on each 

side of a central food channel (Macloskie 1880, Broce and Elzinga 1984, Sukontason et al. 

2003). These prestomal teeth scrape food resources, and are important for enhanced pathogen 

digestion (Kovacs et al. 190). 

 Microorganism survival within the house fly gut seems to differ for different 

microorganisms. Nayduch et al. (2005) reported survival of Aeromonas caviae and Serratia 

liquefaciens in the alimentary tract for up to 5 d. Nayduch et al. (2005) described production of a 

bag-like peritrophic membrane structure around feces (fecal pellet). They observed that these 

bacteria were located in the peritrophic membrane folds rather than in the peritrophic space, and 

not within the ectoperitrophic space; indicating that they were not transported out with the feces 

with the peritrophic membrane. They suggest that these bacteria are capable of evading 

entrapment by the peritrophic membrane by some method (Nayduch et al. 2005). Viable 

excretion of Yersinia psuedotuberculosis was reported for up to 36 h with contamination of the 

environment detected for up to 30 h after inoculation by Zurek et al. (2001). Grübel et al. (1997), 

the first to detect viable Helicobacter pylori in house fly feces, reported survival of H. pylori for 

up to 12 h on the exoskeleton, 30 h in the gut, and 30 h in the feces. 

 More than 100 spp. of bacteria have been isolated from adult house flies (Greenberg 

1971), and from the adult’s alimentary tract (Ahmad and Zurek 2006).  The number of bacteria 
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on adults varies for different locations and bacteriological isolation methods. Sulaiman et al. 

(2000) isolated nine spp. of bacteria, including the first reported isolation of Burkholderia 

pseudomallei, from house flies in Kuala Lumpar, Malaysia. 

 Successful replication of bacteria within the digestive tract (Macovei and Zurek 2007) 

and associated organs could play an important role in genetic transfer of virulence factors and 

antibiotic-resistance from one bacterium to another, including transfer to different species, 

because bacteria often exchange genetic material during replication. This is particularly true of 

gram-negative enteric bacteria such as E. coli sp., which possess extra-chromosomal plasmids 

(Johnson 2002). 

Development of antibiotic-resistance in house fly gut 

 Insect guts provide an ideal environment for exchange of genes by plasmid transfer and 

transconjugation between bacteria. The house fly has been implicated as a factor in the transfer 

of antibiotic-resistance genes among bacteria (Macovei and Zurek 2006) because bacteria 

replication, which is usually accompanied by genetic exchange, occurs in the house fly gut 

(Petrides et al. 2006). Additionally, antibiotic-resistance was observed on organic pig farms 

where antibiotics were not used, but fly numbers were large (Meerburg et al. 2007). 

 There is evidence that E. coli O157:H7 exchanges genetic material such as virulence 

factors and antibiotic-resistance by plasmid transfer (Perna et al. 2002) or phage-mediated 

transduction (Johnson 2002). Plasmid transfer of antibiotic-resistance genes has led to disease 

outbreaks that were difficult to control because of development of multidrug-resistant 

Staphylococcus aureus (MRSA) (Perna et al. 2002). This bacterial exchange of genetic material 

can occur within the house fly alimentary tract, which provides an environment conducive to the 

evolution and emergence of new pathogenic bacterial strains (Petrides et al. 2006). Exchange of 

antibiotic-resistance between infectious bacteria is responsible for the worldwide increase in 
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nosocomial (hospital-acquired) infections that are resistant to all known antibiotics (Weinstein 

1998). The potential for bacterial exchange of genetic material within the house fly gut presents 

potentially serious complications for any disease caused by pathogens that are disseminated by 

house fly movement within a hospital environment. The potential for development of resistance 

to multiple antibiotics is particularly troublesome if the flies have access to the pathogen’s 

natural reservoirs; for example, access to dairy cattle for transmission of E. coli O157:H7. 

 The potential for fly-borne bacteria dissemination coupled with bacterial exchange of 

antibiotic-resistance is of concern in regards to the development of nosocomial infections 

(Boulesteix et al. 2005). In hospitals, intensive-care units serve as the epicenter for these 

infections (Weinstein 1998). While hospitals and animal-rearing facilities, such as dairies, both 

report increased antibiotic-resistance due partially to over-use (drugs to humans for treatment of 

bacterial infections and inclusion of drugs in animal feed for use as a growth stimulator), 

dispersal of flying insects such as the house fly between hospitals and dairies also could 

introduce new antibiotic-resistance genes in each site. 

 The potential for pathogen transmission, including antibiotic-resistance, plus the 

possibility of economic losses due to infestations of synanthropic flies, has led to attempts to 

reduce fly populations wherever flies aggregate or build to annoying levels. Insects that harm 

human or animal health or damage valued resources are considered pests (Foster and Harris 

1977). The importance of pest control for reduction of disease outbreaks is highlighted by reports 

of paired reduction of fly populations and a corresponding decrease in the disease incidence 

(Nash 1909, Lindsay and Scudder 1956, Cohen et al. 1991). This permits an estimated 

quantification of the house fly’s role in pathogen transmission. For example, Emerson (1999) 

reports a 75% reduction of muscid flies corresponding to a reduction in the number of new cases 
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of trachoma and a 22-26% reduction of muscid flies corresponding to a reduction in the number 

of new cases of diarrhea for villages in Gambia after fly control efforts reduced the numbers of 

muscid flies by approximately 75%.  

Insect Movement 

 Terrestrial insect movement can occur by walking or by flying. Flight is used to both 

disperse and migrate (Angelo and Slansky 1984). Dispersal is typical of small, r-strategist insects 

that produce large numbers of short-lived offspring: movement out of a location with high 

population densities prevents overcrowding and decreases competition for resources. Dispersal is 

somewhat localized, so that insects disperse from one resource to another within a limited 

geographical range: for example, house flies and stable flies. Dispersal of insects may be similar 

to diffusion of small particles in air, so that dispersal may be randomized, and may even go back 

and forth between food/breeding resources during the insect's life-span (Schoof and Siverly 

1954). In contrast, migration is typical of larger, longer-lived K-strategists that produce fewer 

offspring. Migration generally involves longer distances, is uni-directional, and is a permanent 

relocation. In insects, migration usually occurs over multiple life stages and/or generations: for 

example, monarch butterflies. However, the differentiation between dispersal and migration can 

be blurred, as is seen for locusts which migrate over long distances, with an environmentally 

induced morphologically changed body, in response to limited food resources (Angelo and 

Slansky 1984). 

 Although house flies are not thought to migrate, they do disperse frequently and readily. 

Adult house fly behavior and dispersal is influenced by climatic factors (also referred to as 

"environmental influences") such as temperature (Hewitt 1910), relative humidity (Hewitt 1910), 

barometric pressure, light intensity (Greenberg 1959b), and electrostatic fields (Johnson 1969). 

Dispersal of house flies and other synanthropic flies is of great interest, especially in livestock 
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and public-health situations, for both economic and medical reasons. Dispersal of house flies is 

frequently studied through mark-release-recapture studies. 

Mark-Release-Recapture Studies and Techniques 

 Mark-release-recapture (MRR) techniques are used to study insect dispersal, because 

they provide point-to-point dispersal information about insect movement from a release site to a 

recapture site. However, they do not describe the method or the path used (Turchin et al. 1991). 

MRR studies have been conducted using different substances to mark the flies. Ideally, a marker 

is not ubiquitous in the natural environment, but is quick and easy to apply, remains detectable 

for a long period, does not adversely affect fly behavior or mortality, is inexpensive, readily 

available, and has a long shelf-life (Turchin 1991). 

 Flies are marked using many different methods. In previous studies, flies have been made 

radioactive (by digestion of P-32 radiolabelled diets) and been individually hand-painted, or 

dusted with fluorescent dusts (Wong and Cleveland 1970). Another marking technique involves 

amputating specific combinations of body parts and/or notching the exoskeleton in specific 

locations. Of these techniques, fluorescent dusts are the most convenient to use (Hogsette, pers. 

comm.), and best meet the above-listed requirements of an ideal insect marker. 

 Fluorescent dusts can be applied directly to adult flies, or the flies can self-mark (auto-

mark) themselves (Hogsette 1984). Auto-marking is accomplished by dusting a known breeding 

site or by dusting flies in the pupal stage. Adult flies auto-mark themselves by direct contact with 

the breeding substrate. Emerging flies will auto-mark themselves during emergence as the 

ptilinum typically is dusted while emerging. However, detection of fluorescent dust on the 

ptilinum is more difficult and time-consuming than detection of fluorescent dust on the 

exoskeleton of flies that were marked as adults, because the ptilinum folds into the head capsule 

after emergence. Therefore, detection of fluorescent dust on the ptilinum involves squeezing the 
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head capsule. Additionally, the quantity of dust on the ptilinum is typically much less than that 

found on flies that are dusted as adults, further increasing the difficulty of using auto-marked 

pupae. 

 Fluorescent dusts come in multiple colors which permits selection of colors that are best 

for working with a particular insect. Day-Glo™ arc-yellow and corona-magenta are the easiest to 

use and detect with house flies (Hogsette, pers. comm.). Fluorescent dusts are sometimes visible 

to the unaided eye, particularly if a great quantity is present on the insect, but these dusts are best 

observed under long-wave ultraviolet (UV) light.  

Flight and Dispersal 

 Flight is a dominating characteristic of most adult insects (Johnson 1969). Therefore, any 

attempt to understand insect influence on disease transmission should incorporate learning about 

the flight behavior and dispersal and/or migratory tendencies of the target insect. Insect dispersal 

and migration is reviewed thoroughly by Johnson (1969). Insight into insect populations is 

provided by Southwood (1966); his work has been revised so that newer editions are also 

available. Methods to quantify insect movement are presented by Turchin (1998). Pedigo and 

Buntin (1994) compiled the work of several authors to present a detailed resource for various 

sampling methods applicable to agricultural, including livestock, insects. 

 Flight and dispersal behavior specific to house flies and related species of synanthropic 

flies with similar breeding habits, such as stable flies and blow flies, has been reported by a 

number of researchers and varies drastically in individual studies. In rural areas, house flies can 

disperse 12 km (Broce 1993a) and have been documented dispersing up to 21 km (13 mi) 

(Bishopp and Laake 1921, Alam and Zurek 2004) from their breeding sites. In urban 

communities, most flies disperse within 1.7 km (1 mi) of release sites (West 1951, Quarterman et 

al. 1954, Schoof and Siverly 1954bb; Hanec 1956; Saccá 1964, Milio et al. 1988). However, 
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house flies have been documented to disperse distances up to 33 km in urban environments 

(Murvosh and Thaggard 1966). House fly dispersal speed has been documented at a rate of 1 

km/h for the first 3-4 h, when dispersal occurred as direct flight over a large swampy area and 

across rivers with 300-500 m widths in 24-50 h (Shura-Bura et al. 1962). Dispersal distances and 

recapture rates might be influenced by the type of flies used, i.e., field-collected or laboratory-

reared. Previous studies have indicated that use of field-collected flies is more representative of 

dispersal under natural conditions than flies that are reared for multiple-generations in the 

laboratory. Eddy et al. (1962) recaptured a 10-fold higher percentage of field-collected flies than 

laboratory-reared flies; this implies that laboratory colonies may lose the ability to disperse. 

 Dispersal of house flies increases the potential for transmission of zoonotic pathogens to 

urban-residing humans, particularly from sites conducive to fly breeding such as dairies 

(Kaufman et al. 2005, Ahmad et al. 2007, Conn et al. 2007), beef cattle feedlots (Skoda et al. 

1993, Thomas 1993, Baldwin et al. 1996, Sanderson et al. 2006), swine facilities (Rosef and 

Kapperud 1983, Halverson 2000), and poultry facilities (Hald et al. 2004, Watson et al. 2007). If 

house flies can maintain a travel speed of 1 km/h for an extended period of time, and if house fly 

dispersal flight occurs in a straight line from a breeding site, then house flies could potentially 

transmit infectious pathogens as far as 12 km in only 12 h (Meerburg et al. 2007). The house fly 

readily utilizes decomposing fecal/organic matter as well as human food, and moves freely 

between the two. In locations where dairies and human communities are in close proximity, 

house fly dispersal between the two could facilitate the transmission of enteric bacteria to 

humans. External contamination of house flies can range from 2.5 to 29.5 million bacteria per fly 

(Hawley et al. 1951), and some bacteria can survive up to 3.5 d on the surface of house flies 

(Peppler 1944). Bacterial contamination of house flies can also occur after flies contact food 
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crops that have been fertilized with liquid slurry or solid fecal waste (Islam et al. 2005). 

Mechanical transmission of bacteria by house flies has been well-established by many 

researchers (Echeverria et al. 1983, Fotedar et al. 1992, Sasaki et al. 2000, Alam and Zurek 2004, 

Buma et al. 2004, Ahmad et al. 2007, Nmorsi et al. 2007), whereas, biological transmission also 

appears likely if E. coli O157:H7 is capable of replicating within the house fly gut (Hawley et al. 

1951, Petridis et al. 2006). 

 Fly dispersal has been measured by many types of mark, release and recapture studies 

using fluorescent dusts, sticky traps, and UV lights (Hogsette 1983, Osek 2001). One of the 

easiest and most efficient techniques for marking and releasing of large numbers of small insects 

is the application of fluorescent dust (Hagler and Jackson 2001). Insects such as house flies are 

collected in the field or mass-reared in the laboratory, marked for future identification, released 

in the field, and recaptured at various distances from their release site.  

Mark and Release Techniques 

Many types of markers have been used effectively in the past, but are no longer 

recommended or are sometimes prohibited under existing regulatory legislature, due to human, 

animal and/or environmental health concerns. For example, radioactive phosphorus (32P) has 

been added to adult fly laboratory diets; after successful feeding, 32P-labeled flies were released 

and recaptured in the field (Lindquist et al. 1951, Yates and Lindquist 1952, Eddy 1962, Shura-

Bura et al. 1962). Marked flies were subsequently counted using readings on Geiger-counters 

(Hoffman and Lindquist 1951, Lindquist et al. 1951, Yates and Lindquist 1952, Eddy 1962, 

Shura-Bura et al. 1962). Hoffman and Lindquist (1951) reared flies in media containing 32P to 

compare the efficacy of this method against application by ingestion, and determined that 

feeding 32P to adult flies was both more effective and cost-effective. Lindquist et al. (1951) 

compared marking adult house flies by adding 32P to the diet against dusting with fluorescent 
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dusts. They determined that marking with dietary 32P was more efficient and less labor-intensive, 

and they observed that the dusts wore off within 48 h so that identification of dusted flies was 

difficult. Similarly, Eddy et al. (1962) concluded that ingestion of 32P was a more useful marking 

method than fluorescent dusts, because wild flies had natural fluorescence that was easily 

confused with the fluorescent marker used in their study. 

 Although there is no universal method of marking insects, dusts are possibly the most 

frequently used external markers, due to their ease of use in both application and observation, as 

well as their low cost, ready availability, and low toxicity. Fluorescent dusts, in particular, Day-

Glo® powdered pigment dusts, have been used to track dispersal and population dynamics, 

without any observed adverse changes to insect behavior or mortality (Hogsette 1983, Hogsette 

1984, Kristiansen and Skovmand 1985). Fluorescent dusts also offer potentially long-term 

investigative study possibilities, because the dust has been shown to last up to 3.5 mo in the field 

(Taft and Agee 1962). Flies are dusted with fluorescent powder, released, and recaptured; 

subsequent UV light examination of recaptured flies illuminates any retained fluorescent dust on 

areas of the body that the fly has difficulty grooming. Flies dusted as adults will typically retain 

dust particles on portions of the thorax; when the puparia are dusted, flies emerge, crawl through 

the dust, and retain it on their ptinilum (Hogsette 1983). 

 An additional advantage of fluorescent dusts is that their visibility is greatly enhanced 

when examined under long-ultraviolet (UV) light. Thus, large numbers of recaptured house flies 

on sticky traps can be examined rapidly and easily under UV light to determine how many are 

marked. This eliminates time- and labor-intensive observation methods used with alternative 

marking techniques, as there is no need to destroy individual insects to observe internally 

expressed dyes, to apply solvents, or to perform genetic analysis. Application of fluorescent 
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dusts is relatively easy, inexpensive, and less labor-intensive than other insect marking 

techniques, and enables marking of thousands of insects simultaneously (Zhao et al. 1999). 

Additionally, application of fluorescent dusts can be accomplished using mechanical dusters 

(Hogsette et al. 1993). 

Population Dynamics: Monitoring House Fly Populations 

 Fly populations at dairy barns typically need to be monitored in order to determine the 

effectiveness of control methods or to measure seasonal and weather-related fly population 

changes. There are many different methods available to monitor fly populations; each has its 

strengths and limitations. Ideally, a fly monitoring method will provide sensitive, accurate 

results, be easy to use and interpret even by inexperienced persons, be inexpensive, require very 

little investment of time and labor (Pickens et al. 1972), be protected from cattle (Morgan and 

Pickens 1978), and not interfere with cattle operations or endanger cattle health and safety. 

Monitoring devices must be placed out of reach of cattle, particularly if they are small enough to 

be eaten by cattle. This is particularly true of spot cards, described further below. Fly monitoring 

can be conducted either by passive or active methods. 

Passive monitoring methods 

 Passive methods of monitoring dairy barn fly populations are those which use one or 

more of the following: spot cards, sticky traps, ultraviolet (UV) light traps, and baited traps 

(Morgan and Pickens 1978). Spot cards are plain white cards (8 x 13 cm) that are conveniently 

sized for easy transport and use (Axtell 1970, Lysyk and Axtell 1986), but they alternatively may 

be of larger dimensions such as 13 x 20 cm cards (Pickens et al. 1972). Standard office-supply 

index cards are often used as spot cards. Regardless of size, spot cards are placed vertically or 

horizontally flush against barn walls, beams, or rafters (Lysyk and Axtell 1985), in areas where 

house flies rest. Spot cards offer many advantages for monitoring of fly populations. They are 
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convenient, economical, easy to transport, readily available, and can be used by relatively 

untrained personnel, including busy farmers. 

 Flies continuously regurgitate and excrete while resting, so spot cards provide a 

convenient method to obtain house fly relative abundance data in dairy barns when placed in 

house fly resting areas. Spot cards provide useful information about the changes in house fly 

populations from week to week, and help ensure optimal fly control efforts, because the success 

of fly treatments can readily be ascertained. If the number of house fly spots decreases, then the 

treatment decreased the fly population. Successful treatment would be defined by reducing the 

number of spots per card below some pre-defined threshold that often is farm-specific. 

 Spot cards may also be suspended or hung vertically from barn rafters, however, this does 

not appear to provide useful results as Pickens et al. (1972) did not find spot cards sensitive to 

changes in house fly population density. They observed that the number of fecal and 

regurgitation spots remained relatively the same despite an artificially doubled house fly 

population due to releases of marked flies within an enclosed barn. However, they hung their 

spot cards vertically from the ceiling rather than placing them flush against the wall as reported 

by Lysyk and Axtell (1985). House flies prefer to rest along straight edges. Therefore, hanging 

large cards from the ceiling was probably not ideal, especially since Pickens et al. (1972) 

described the presence of a large exhaust fan at one end of the barn. Presumably, the fans created 

air currents that might have inhibited fly resting on their spot cards, particularly if their spot 

cards were moving in an air current. Furthermore, Pickens et al. (1972) released laboratory-

reared flies, and there is some evidence that laboratory-reared flies do not take flight as readily as 

flies from natural populations (Eddy et al. 1962). Thus, the flies used in their experiment might 

not have dispersed throughout the enclosed dairy barn as readily as native flies.  
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 In addition to monitoring house fly population changes when placed correctly, spot cards 

also might permit isolation of fecal and/or regurgitation spots for microbial or genetic analysis of 

digestive tract contents, although they do not appear to have been used for this purpose yet. In 

dairy barns that have multiple species of flies, fecal and regurgitation spots could be due to any 

of the various species present. However, judicious placement can reduce species overlap by 

placing cards where house flies are observed resting. Because house flies are not actually 

captured on spot cards, individual fly species cannot be identified from spot cards using standard 

methods. However, if fecal and vomit spots contain any host cells from the flies, then the 

potential exists for identification of particular fly species by genetic analysis such as polymerase 

chain reaction (PCR). Feces are typically surrounded by a layer of peritrophic membrane and 

excreted as discrete “fecal pellets.” Therefore, host cells should be present with the fecal spots, 

so that the potential for identification of fly species by analysis of spot cards offers an interesting 

and promising possibility. 

 Sticky cards (Hogsette et al. 1993) provide another useful house fly population 

monitoring method. Like spot cards, they are easy to transport, easy to use by untrained 

personnel, and inexpensive. Fresh cards are recommended to achieve optimal results, because the 

adhesive coating can dry out over time. An advantage that sticky cards offer is the ability to 

easily identify captured flies to species. Flies become stuck on the adhesive and are therefore 

readily available for examination, either in the field or in the laboratory. Like spot cards, sticky 

cards offer the potential for genetic analysis. Because the entire fly body is present, genetic 

analysis could be used to determine the genetic makeup of the flies (for phylogenetic studies) or 

to analyze the gut contents. Although sticky cards do not appear to have been used for either 

purpose, they potentially provide another tool for increased understanding of house fly 
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population dynamics as well as determination of microorganism survival on and within the house 

fly. Preuss (1951) obtained viable Salmonella sp. from a house fly seven days after it was killed, 

so the potential for isolating bacteria from house flies captured on sticky cards is strong. A 

disadvantage of sticky cards is that they can become ineffective if conditions are dusty, because 

the adhesive becomes covered with dust and debris, so that flies do not adhere after landing on 

the card. Attempts to correlate spot card and sticky counts have been variable. Turner and 

Ruszler found no correlation, while Geden et al. (1999) found a high correlation. 

 Originally used to capture and monitor stable flies, alsynite traps (Williams 1973) have 

proven effective for capturing and monitoring house flies and other species of insects. The 

fiberglass panels reflect sunlight in plane-polarized ultraviolet wave lengths, making them 

attractive to many flying insects: e.g., stable flies (Williams 1973), alate red imported fire ants, 

Solenopsis invicta Buren, (Milio et al. 1988), and house flies (Geden 2006). The original alsynite 

trap consisted of translucent rectangular fiberglass panels coated with an adhesive (Williams 

1973). Berry et al. (1981) modified the trap by placing adhesive-coated sleeves on the 

interlocking panels instead of applying adhesive directly to the alsynite panels. The sleeves can 

be removed and taken to a laboratory where insects can be examined and counted. Alsynite traps 

have proven to be effective, easy to transport, and easy to use in the field. A modified alsynite 

trap (Broce 1988) consists of a translucent rectangular fiberglass panel wrapped to form a 

cylinder with an adhesive coated clear plastic sleeve that wraps around the outside of the 

cylinder for easy removal and replacement in the field. 

Active monitoring methods 

 Active methods of monitoring house fly populations include visual counts, Scudder grids 

(Scudder 1947, 1949; Pickens et al. 1972), and sweep netting (Morgan and Pickens 1978). Non-

biting fly population densities can be estimated for some species by active visual counts. For 
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example, Fannia canicularis (L.), the lesser house fly, has a behavioral habit of hovering in 

sunny areas. Therefore, one can estimate a lesser house fly population by estimating the number 

of flies hovering in a sunlit circular field 2 m in diameter, by counting in increments of 10 

(Morgan and Pickens 1978). Visual observations invariably are estimations, and can be biased 

due to researcher experience and ability to recognize house flies versus similar-appearing 

muscids. A disadvantage of visual observation is that flies cannot be identified, sexed or aged, so 

that the population dynamics remain unknown.  

 Scudder grids (Scudder 1947, 1949) are another active monitoring method. They provide 

instantaneous “snapshot” pictures of house fly population densities, and are very useful for 

monitoring changes in activity levels and population densities. Scudder grids are particularly 

effective for monitoring the success of control efforts if used repeatedly at the same physical 

location both before and after treatment (Scudder 1947). Placement of the grids is critical. 

Because house flies are not distributed randomly throughout a dairy, but aggregate at food and 

breeding sites, Scudder grids should be placed in areas of highest fly density. Scudder (1947) 

found that results were most consistent with observed population trends and most consistent 

from week to week when he obtained multiple counts at each site and recorded the average of the 

highest three counts. Some disadvantages of the Scudder grid are that researcher proximity, 

especially if casting a shadow over the grid ; or repeated placement of the grid in one spot within 

a short period of time, which can decrease Scudder grid counts, because the flies move away 

from the disturbance. Due to fly responses to this monitoring method, Scudder grid counts do not 

necessarily correlate to an observable population of house flies for the purposes of quantifying 

population densities. Grids should be placed by the same person to decrease user-induced 

variability influences on fly counts. As with visually observed flies, flies that land on Scudder 
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grids cannot be identified, aged or sexed, so information regarding the population dynamics 

remains unknown. However, for the experienced person, Scudder grids can provide an 

inexpensive, easy-to-use and reliably repeatable method for monitoring increases or decreases in 

fly populations. Their ease-of-use and portability in the field make them useful monitoring 

methods at dairies and other animal-rearing facilities. 

 Sweep netting at dairies is another fast and easy method used to monitor adult house fly 

populations. Like Scudder grids, sweep netting is performed on-site to gain an instantaneous 

“snapshot” picture of house fly and other flying insect population densities (Dhillon and Challet 

1985, New 1998). However, unlike the Scudder grids, repeated sweep netting reduces the 

available population, because one is removing individuals from the environment and greatly 

disrupts flies in a given area. In contrast, Scudder grids do not directly impact population sizes 

and minimally impact flies in a given area. Sweep netting would not noticeably impact high-

density populations; however, when fly populations are low, sweep net counts for successive 

sweeps may decrease with each sweep. Like the Scudder grid counts, sweep nets should be 

performed in fly aggregation areas, at the same time of day, and by the same person. Sweep net 

counts can vary dramatically between collecting individuals, based on experience and technique. 

It might be important to note that sweep netting captures only airborne flies, and flies are 

typically captured by purposely disturbing adult flies that are resting, feeding or ovipositing. 

Therefore, sweep netting might not provide accurate information regarding the normal level of 

airborne activity. However, an advantage of sweep netting over other monitoring methods is the 

capture of live adults, so that analysis of population ratios can be made. Collected flies can be 

identified to species, sexed and aged and female flies can be examined for reproductive status. 

Collection of mostly young adults 1-3 d old would provide information that the flies had only 
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recently emerged. Because sweep netting enables the researcher to obtain information regarding 

population dynamics, it is a useful monitoring method at dairies and other animal-rearing 

facilities.  

House Fly Economical Impacts and Disease Outbreaks 

 House flies are strongly associated with humans and livestock. This synanthropy, when 

combined with the house fly's caprophagic and saprophagic eating habits, makes the house fly an 

important vector of human diarrhegenic pathogens. Diseases which are transmitted via the fecal-

oral route are especially prone to dissemination by the house fly. In locations where food is being 

prepared for consumption, such as restaurants, the potential for bacterial contamination by the fly 

is tremendous, as the fly travels freely between decomposing organic matter found in restaurant 

garbage dumpsters, exposed kitchen surfaces and foods, dining tables, and even restaurant 

bathrooms. The bacterial diversity and quantity on restaurant-associated house flies has been 

examined (Nayduch et al. 2001, Butler et al. 2010), especially at ready-to-eat (RTE) food 

establishments (Macovei and Zurek 2008). 

 Diarrheal diseases impart an enormous economic toll on human and agricultural animal 

(e.g., cattle) populations, with severe health and economic impacts. Hospital expenses for human 

patients with infectious diarrhea can four times greater than for other patients. Similarly, 

medication expenses can be four times higher and the length of hospitalization can be three times 

longer (Suda et al. 2003). Economic impacts include lost income for families that must miss 

work, as well as lost profits for employers (CDC 2002). For cattle, increased operating expenses 

are incurred by dairy farms, feedlots and cattle rendering plants that must increase fly and 

pathogen surveillance and management measures to comply with federal regulatory mandates 

(CDC 2009). Indirect losses include increased labor costs associated with fly control and 

sanitation efforts, which may include increased fuel costs to operate composting and waste-
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removal equipment, increased water costs to wash barns and clean equipment, increased 

expenses for insecticides and traps, and additional wages to employees who perform all the 

additional tasks (Lazarus et al. 1989). It is interesting to note here that expenses related to 

insecticides can increase quickly because of the house fly’s rapid development of insecticide 

resistance. House fly insecticide resistance can occur quickly enough to necessitate increased 

usage of insecticides, thus driving up the expense dramatically. Alternatively, one may switch to 

a pesticide containing a different active-ingredient; however, this still results in overall increased 

expenditure towards the effort of controlling fly populations in an effort to prevent diarrheal 

disease occurrence. 

 Additional indirect losses can include legal expenses and forced farm closures (Thomas 

and Skoda 1993). Courts can impose stiff fines upon many different food-related industries 

including producers, distributors, and restaurants. A recent example: in June, 2008, a lawsuit led 

to a $13.5 million settlement after a child in Milwaukee, Wisconsin died due to consumption of 

E. coli O157:H7-contaminated food (Powell, 2008). 

House Fly Management 

Pest control efforts include cultural, mechanical, biological, and chemical methods. Each 

method is discussed below, and the integration of these methods into one comprehensive control 

program known as Integrated Pest Management (IPM). 

Cultural control 

 Cultural control includes sanitation and management efforts, e.g., moisture and manure 

removal at dairies designed to prevent fly populations from building to unacceptable levels 

(Stafford 2008) by eliminating immature fly development areas. Flies breed in spilled feed, moist 

hay and manure. Weekly removal of these materials is recommended (Rutz et al. 1994). Spilled 

feed and manure can accumulate and retain moisture under fence edges, along the sides of liquid 
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manure pits, and in other hard-to reach areas (Rutz et al. 1994, Farkas and Hogsette 2000). 

Preventing moisture in fly breeding areas, e.g., in spilled grains, is an important part of cultural 

control (Farkas and Hogsette 2000). Watering devices should be maintained to prevent leaks, and 

manure should be removed to maximize drainage. Flies can breed in manure that lines manure 

pits or floats on the surface of manure pits and lagoons. Therefore, cultural control of fly 

breeding sites includes preventing manure clumps from lining manure pits or from floating on 

the surface (Farkas and Hogsette 2000). Without adequate removal of manure and other fly 

breeding sources, chemical efforts to control the house fly population will be less effective and 

more expensive (Farkas and Hogsette 2000). Cultural control methods also encourage the growth 

and development of house fly predators and parasites (biological control).  

Additional cultural control methods include using screens as exclusion barriers on 

windows and doors, preventing access to garbage, and composting garbage, manure and soiled 

bedding properly so that decomposition is aerobic and hot enough to kill developing flies 

(Stafford 2008).  

Mechanical control 

 Mechanical control methods use non-chemical devices to kill flies that are in the 

environment. Fly swatters provide low-tech mechanical control of individual house flies 

(Stafford 2008). Low numbers of flies can be controlled by using sticky traps, jug or cylinder 

traps and bag traps. Sticky traps are coated with adhesive materials, so they are less effective 

when fly numbers are high or when environmental conditions are dusty (Stafford 2008). Sticky 

traps are most effective when used indoors; however, they cannot be used in food-preparation 

settings because become unsightly and they can drip when temperatures become too warm 

(Carlson and Hogsette 2007). Fluorescent or ultraviolet light emitting electrocution traps are 

useful for mechanically controlling larger fly populations (Stafford 2008). The flies are 
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electrocuted when they contact the electric mesh. However, electrocution of insects results in 

airborne-scattering of insect parts and infectious microorganisms (Pickens 1989, Ananth et al. 

1992, Broce 1993b, Tesch and Goodman 1995, Broce and Urban 1998). Therefore, use of 

electrocuting traps is not recommended, and is sometimes prohibited, in medical and food-

preparation settings. An additional disadvantage of electrocuting grids is that they kill high 

numbers of non-target insects (Frick and Tallamy 1996). Many mechanical traps use ultraviolet 

light traps with sticky glue boards instead of electrocuting grids, although the attractiveness of 

these traps relative to the attraction of food in the food-preparation area is unknown (Carlson and 

Hogsette 2007). Bulbs in light traps lose their effectiveness over time, so that they become less 

attractive to flies. Thus, it is important to replace bulbs on a timely basis. Additionally, indoor  

traps should be installed so that they attract flies that are already in the local environment, rather 

than attracting flies from far away into the establishment. 

 Some mechanical control traps use attractant baits that draw house flies into a non-toxic 

solution (Stafford 2008). Examples include jug traps, bag traps, and metal or plastic cylinder 

traps. Baited traps are useful for controlling large numbers of house flies; some use only water as 

the bait, while others add proprietary chemical mixtures that mimic natural food materials or 

pheromones, such as the female house fly sex attractant (Z)-9-tricosene. Because (Z)-9-tricosene 

is odorless to humans, it is a useful indoor bait. In contrast, baits that mimic natural food sources 

typically have strong unpleasant odors and are therefore best suited for outdoor use. Bait traps 

come in a wide variety of styles and sizes, with some designed to be hung and others designed to 

be placed on the ground. In general, bait traps take advantage of the house fly’s positive 

phototrophic behavior by providing small access holes through which the flies can enter the trap, 

but not exit. Therefore, the flies die inside the trap. Jug and cylinder (container) bait traps can be 
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reused by emptying them when approximately one-third full, and rebaiting, so that they provide 

an economical control method. Homemade bait traps are easily made from milk cartons and 

plastic soda bottles by cutting the top portions off and replacing them in an inverted position to 

acts as a funnel. Flies will readily enter the carton or bottle through the funnel, but will not exit. 

Like bag traps, carton and bottle traps are disposable (Stafford 2008). 

Biological control 

 Biological control of house flies is achieved through predation or parasitism by natural 

house fly enemies or by infection with pathogens that kill the house flies. While biological 

control occurs unassisted in the natural environment, attempts to amplify its actions through 

release of increased biological control agents are ongoing. Natural enemies of house flies include 

other arthropods, fungi, bacteria, and viruses (Barnard 2003, Geden 2006, Stafford 2008).  

 Parasitoid wasps used for biological control of house flies are often species in the family 

Pteromalidae, from the following genera: Spalangia, Muscidifurax, and Nasonia (Morgan et al. 

1979, Crespo et al. 1998, Tobin and Pitts 1999, Floate et al. 2000, Kaufman et al. 2001a, Geden 

2006, McKay et al. 2007, Birkemoe et al. 2008). One benefit of the parasitoid wasps is their 

relative target-specificity, due to the postulated co-evolution of the parasitoids with their 

synanthropic muscoid hosts (Pimentel et al. 1963). Some species of wasps will target both house 

flies and stable flies, which are two of the most economically-damaging fly species in livestock 

environments. Efforts to identify new species of parasitoid wasps, and to commercially rear them 

are ongoing. 

 Six hymenopteran parasitoids that specifically attack fly pupae were evaluated by Geden 

(2006): Muscidifurax raptor Girualt and Sanders, Spalangia cameroni Perkins, Spalangia 

nigroaenea Curtis, Spalangia endius (Walker), Spalangia gemina Boucek (Hymenoptera: 

Pteromalidae), and Dirhinus himalayanus (Hymenoptera: Chalcididae). Hogsette et al. (2001) 
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obtained seven hymenopteran pupal parasitoids from house fly pupae in Hungary: Spalangia 

cameroni Perkins, S. nigroaenea Curtis, S. endius Walker, Pachycrepoideus vindemiae Rondani, 

Trichomalopsis sp., and two undetermined spp. of Diapriidae. Other types of wasps reported as 

parasitoids of house flies include species in the family Ichneumonidae: for example, Exeristes 

comstockii (Cress) (Hymenoptera: Ichneumonidae) (Bracken 1965). Hogsette et al. (2001) 

reported an undescribed species of Brachymeria parasitizing a house fly pupa in Hungary. 

 Some dipteran species are also useful for biological control of house flies. Some are 

predators, such as the bronze dump fly (Byrd and Castner 2009), sometimes called the black 

garbage fly, Hydrotaea (=Ophyra) leucostoma (Weidemann) (Diptera: Muscidae) (Anderson and 

Poorbaugh 1964), and the black dump fly, Hydrotaea (= Ophyra) aenescens (Weidemann) 

(Diptera: Muscidae) (Hogsette and Jacobs 1999, Hogsette et al. 2002). Hydrotaea larvae actively 

pursue and attack house fly larvae, but rarely the pupae (Anderson and Poorbaugh 1964). 

Hydrotaea eat the visceral tissues, but not the larval integument or puparium. One Hydrotaea fly 

can kill up to 20 house fly larvae in one day (Anderson and Poorbaugh 1964). Hogsette and 

Washington (1995) developed a method to mass-rear Hydrotaea aenescens for biological control 

studies.  

Other Diptera are effective biological control agents by non-predatory methods. One such 

example is the black soldier fly, Hermetia illucens (L.) (Diptera: Stratiomyiidae) (Furman et al. 

1959; Sheppard 1983; Sheppard et al. 1994; Sheppard et al. 2002). Studies indicate that soldier 

fly larvae outcompete house fly larvae for food resources in the breeding habitat, and, in this 

manner, limit house fly growth and larval development (Sheppard 1983).  

 Bacteria such as Bacillus thuringiensis (Zhong et al. 2000, Ruiu et al. 2007) and 

Brevibacillus laterosporus (Ruiu et al. 2006) have been reported as useful for biological control 
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of house flies, caterpillars and mosquito larvae (Swadener 1994), due to production of 

insecticidal endotoxins (Zhong et al. 2000; Ruiu et al. 2006, 2007). Bacillus thuringiensis subsp. 

israelis (Bti) produces a delta-endotoxin (Zhong et al. 2000, Ruiu et al. 2006). However, there is 

evidence that Bti and B. laterosporus are toxic against the house fly parasitoid, M. raptor, 

although much less so than against the house fly (Ruiu et al. 2007).  

 Fungi are considered by some researchers to show promise as biological control agents 

against house flies (Mullens and Rodriguez 1986, Geden et al. 1993, Steinkraus et al. 1993, 

Watson and Petersen 1993). Two fungi that successfully infect and kill adult house flies are 

Entomophthora muscae (Chon) Fresenius and Beauveria bassiana (Balsamo) Vuillemin. 

However, these fungi are limited to specific climatic conditions, and are dependent upon high fly 

population densities (Watson and Petersen 1993). Although these fungi difficult to produce 

commercially well enough to be effective and economically viable commercial house fly 

biological agents (Geden et al. 1993, Watson and Petersen 1993), recent rearing techniques have 

resulted in a commercial product that is highly effective (Kaufman et al. 2005a). Beauveria 

bassiana has proven to be effective against both adult and larval house flies (Watson et al. 1995). 

Chemical control 

 In general, chemical control of house flies has been the most widely used approach over 

the past 60 years. Insecticides are applied in a variety of ways, including space sprays, residual 

wall sprays, feed through products, on-animal applications, misting systems and toxic fly baits 

(Rutz et al. 1994). Pyrethrin fogs and space sprays are recommended for initial use because they 

work well in conjunction with biological control for integrated pest management (Kaufman 

2002). Insecticides can adversely affect biological control agents, particularly if used early in the 

season because parasite populations lag behind house fly populations (Rutz et al. 1994). 

Elimination of biological control agents can result in an increased dependence on insecticides 
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that can increase the development of insecticide resistance in the house fly population (Rutz et al. 

1994). Residual pesticides are recommended only for use emergencies and for use late in the 

season (Kaufman 2002). Toxic fly baits cannot be used in food establishments, including milk 

storage rooms on dairies, or in areas where children are present. They also should be avoided in 

areas frequented by children or pets, and must be placed in a container but not sprinkled on the 

ground. 

 Resistance to chlorinated hydrocarbons develops more quickly in larvae than in adults 

(Miles 1959). He concludes that chemical control should therefore be restricted to adults, to 

minimize development of resistant fly strains. However, adult flies can develop tremendous 

resistance against over-used pesticides: Cao et al. (2006) reported 13- to 250-fold greater 

deltamethrin resistance in adult house flies collected from urban garbage dumps in Northern 

China than from laboratory susceptible strains. 

Integrated Pest Management 

 Integrated pest management incorporates a combination of several available fly control 

methods (Kaufman et al. 2002). Each control method that is used to control fly populations at 

animal-rearing facilities such as dairies is insufficient or uneconomical if used alone. The 

foundation of any successful IPM program is sanitation and manure management. Without 

adequate cultural controls, neither biological nor chemical controls will be effective. 

Use of biological control decreases dependence upon chemical insecticides (Farkas and 

Hogsette 2000). However, natural parasitoids used for fly control differ in efficacy depending 

upon geographical region, season, climate, habitat, host density and host distribution. Thus, it is 

important to use naturally-occurring species of parasitoids for a particular area, and it is vital to 

understand both the house fly and parasitoid bionomics to effect a successful long-term 

biological component of the overall IPM program (Farkas and Hogsette 2000). Parasitoid 
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populations can be reduced below effective levels by indiscriminate use of broad-spectrum 

insecticides used to control house fly populations, and by manure removal. Mass releases of 

parasitoid wasps are often necessary to reduce house fly populations throughout the season, 

because the parasitoids need to be consistently present in the manure. For this reason, although 

sanitation is the first step in successful fly control, manure removal should not be complete, but 

should leave a base of old manure for house fly parasites and predators (Farkas and Hogsette 

2000). 

Chemical control can achieve a rapid reduction in adult flies, but is limited in use due to 

side effects or poisoning when overused, to breed sensitivity, to interactions with medicatioin 

administered to livestock animals, to contamination of food products such as milk, and to the 

development of resistance among the fly populations (Farkas and Hogsette 2000, Pimentel 

2002). Therefore, chemical control should be used in conjunction with cultural/sanitation, 

mechanical, and biological control methods (Rutz et al. 1994, Farkas and Hogsette 2000, 

Kaufman et al. 2002). 

Usefulness of House Flies  

 House flies are useful in some ways that might be unexpected. For example, house fly 

pupae have been used to achieve relatively species-specific chemical control of several ant 

species, including Solenopsis invicta Buren, the red imported fire ant (RIFA). Ants are extremely 

effective predators of house fly larvae. Williams et al. (1990) administered hydramethylnon- and 

fenoxycarb-coated house fly pupae to eight species of ants. They achieved 100% mortality in 

three species (including RIFA) and <20 % mortality in the remaining five species by using house 

fly pupae as bait carriers. They note that use of house fly pupae permits more selective control 

over species that consume house fly pupae, and that mass-production of the house fly pupae 

could make this potential method of ant control more economical (Williams et al. 1990). For 
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baits, house fly pupae was not practical. However, house fly pupae treated with cyclodienes were 

used for aerial applications in parts of the United States. 

 House flies are potentially useful in an interesting agricultural application to help prevent 

browning of apples. House fly pupae contain high levels of an apple polyphenol oxidase 

inhibitor that inhibits adverse browning in apple and apple products (Yoruk et al. 2003). 

 The house fly might be a promising livestock and poultry food resource (Eby and Denby 

1978, Boushy 1991) due to the very aspects of the house fly’s biology and behavior that make it 

a global pest. The house fly converts decomposing organic matter and fecal materials into body 

tissue during its larval stages. In doing so, it reduces waste, generates energy and creates a high-

nitrogen food resource. House flies have been used as feed supplements for swine (Poluektova et 

al. 1980, Chiou and Chen 1982) and poultry (Calvert et al. 1969, Papp 1974, Teotia and Miller 

1974, Gawaad and Brune 1979). Freeze-dried fly larvae are also commercially available for use 

as fish feed. 

 However, the use of immature flies as feed supplements might not be advisable unless 

they can be subjected to bactericidal conditions, because there is evidence that animals can 

become infected with pathogenic bacteria present in the consumed flies (Gerberich 1952). Even 

if flies are not used as a feed resource, they are still useful because they perform the beneficial 

act of decomposing manure (Miller et al. 1974, Beard and Sands 1973). This could reduce the 

amount of waste and decrease labor costs associated with waste-management efforts. 

 Although not intentionally provided as supplemental feed, adult flies might be consumed 

by animals, particularly poultry, after they are killed by pesticide treatment at an animal-rearing 

facility. Therefore, efforts to reduce consumption of flies killed by pesticides might be advisable. 

Greenberg (1959e) postulates that consumption of adult flies might result in pathogen 
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transmission after citing the work of Gross and Preuss (1951) in which they determined that 

viable Salmonella sp. were recovered in flies 7 d after they were killed with DDT. Survival of 

pathogenic bacteria in dead insects illustrates the importance of sanitation in conjunction with fly 

control in order to reduce disease transmission potential at animal-rearing facilities. 

Enterobacteriaceae 

 Enterobacteriaceae Rahn 1937 is a family of opportunistic, facultative anaerobic, non-

spore-forming, gram-negative, rod-shaped bacteria, found as normal commensal fauna in healthy 

human and domestic animal gastrointestinal tracts (Caprioli et al. 2005, Madigan and Martinko 

2006, FDA-CFSAN 2007a). Enteric microbiological communities tend to be very complex, with 

bacterial populations of more than 1014 cells, which is ten times more cells than the number of 

cells that constitute the human body (FDA-CFSAN 2007a). Enteric bacteria belong to more than 

500 different species (Steinhoff 2005), which collectively perform various metabolic activities, 

such as digestive fermentation and vitamin synthesis upon host-consumed nutrients (FDA-

CFSAN 2007a). With this level of complexity, resultant fecal bacteria concentrations can exceed 

1012 cells/g of feces (Couteau et al. 2001). 

 Some enterobacteria are opportunistic pathogens that cause diarrhea, dysentery, 

meningitis, typhoid fever, and food poisoning (MEDIC 1995) to mammalian hosts through a 

variety of mechanisms (Manafi 2003). Disease-causing enterobacteria include several closely 

related genera: Escherichia, Shigella, Salmonella, Yersinia, Klebsiella, Proteus, Edwardsiella, 

Citrobacter, Enterobacter, Serratia, Providencia, and Morganella (FDA-CFSAN 2007a). 

Although Escherichia is listed at the genus level with the above group, it is unique due to the fact 

that only one of its seven species (Euzeby 2008, NCBI. 2008), E. coli, is known to be pathogenic 

to mammals. In contrast, other genera have several pathogenic species. 
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 In addition to shared morphological and physiological traits, members of the 

Enterobacteriaceae share biochemical characteristics that make differentiation and identification 

difficult: all ferment glucose, reduce nitrates, and are oxidase-negative. Despite these 

similarities, other biochemical characteristics are diagnostic for differentiation. For example, 

lactose fermentation is typical of non-pathogenic enterobacteria, while non-fermentation of 

lactose is typical of pathogenic enteric bacteria. Selective and/or differential media used in the 

laboratory to identify pathogenic strains takes advantage of this lactose-fermentation 

characteristic by inclusion of lactose and dyes which provide presumptive identification by easily 

observed color changes where fermenting and non-fermenting bacteria will produce colonies of 

distinctly different colors. 

 Among the Enterobacteriaceae, the genus Escherichia is comprised of seven species 

(Euzeby 2008, NCBI 2008), one of which is E. coli. Pathogenic strains of E. coli present health 

risks, partially because of their low infectious dose, which is variously reported as less than 100 

organisms/g of feces (USDA-FSIS 2008a, USDA-FSIS 2008b), less than 50 organisms/g of feces 

(Tilden et al. 1996), and possibly as few as 10 organisms/g of feces (FDA-CFSAN 2007b). 

Escherichia coli 

 Escherichia coli was originally described in 1885 as Bacterium coli commune, by 

Theodor Escherich (Janda and Abbott 2006, NCBI 2008, Todar 2008). An additional synonym of 

E. coli used in older literature is Bacillus coli Migula 1895 (NCBI. 2008). Esherichia coli is the 

most abundant, commensal, facultative anaerobic bacteria in many mammals, including humans. 

(Donnenberg 2002). Homeothermic animals are the natural reservoir of E. coli, and E. coli is part 

of the normal gut fauna in nearly all domestic animals (Bettelheim 1991), and accounts for 

approximately one percent of fecal biomass (Janda and Abbott 2006). Human stool contains a 

diverse bacteria fauna of 1011 cells per cubic centimeter, with 109 E. coli per cubic centimeter 
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(Neidhardt et al. 1996). Escherichia coli is a rod-shaped bacterium with an approximate length of 

2.5 µm and diameter of 0.8 µm (Berg 2004). In contrast, a human hair is 80 µl in diameter 

(Neidhardt et al. 1996). When placed in warm nutrient broths, E. coli replicates in 20 min (Berg 

2004). 

 Commensal E. coli appears to produce cofactors and to inhibit pathogenic colonization in 

the digestive tract (Donnenberg 2002). Escherichia coli is comprised of more than 700 strains 

(Todar 2008) and more than 200 of these strains produce Shiga toxins (Thorpe et al. 2002), of 

which most of those strains are pathogenic (Madigan and Martinko 2006, FDA-CFSAN 2007a). 

All pathogenic strains are enteric (Madigan and Martinko 2006), but the pathogenic potential of 

a particular strain depends on the specific collection of virulence genes (Donnenberg 2002). 

 Within the anaerobic gastrointestinal tract of animals, non-pathogenic commensal strains 

of E. coli synthesize vitamins and inhibit growth of pathogenic microorganisms  (FDA-CFSAN 

2007c). Both behaviors benefit the mammalian host with improved nutritional uptake. In 

humans, E. coli is the predominant bacterium in the large intestines  (FDA-CFSAN-2007a), 

whereas in cattle, E. coli is a normal component of the rumen, the largest chamber of the four-

chambered stomach (Callaway et al. 2004). Although consistently present in all animal 

gastrointestinal tracts, E. coli prevalence, density, survival and fecal shedding rates can differ 

among hosts. For example, cattle shed E. coli O157:H7 intermittently (Zhao et al. 1995, Shere et 

al. 1998). Differences in host diet have been implicated in increased fecal shedding of E. coli 

O157:H7. For example, E. coli from grain-fed cattle are especially resistant to low pH and have 

greater survival rates in acidic enteric environments than E. coli from forage-fed cattle (Callaway 

et al. 2003). 
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 Outside the host's facultative anaerobic intestinal environment, E. coli can be 

outcompeted by other species of bacteria. Host excretion of manure rapidly exposes E. coli to 

multiple systemic shocks. The two most important shocks relate to transition: 1) from an ideal 

37º C to ambient air temperature, and 2) from an anoxic environment to a highly oxygenated 

environment, which is relatively toxic to E. coli (Doyle and Beuchat 2007). Separately, either of 

these two shocks can result in serious, but reversible, injury to E. coli; however, when combined, 

they can cause irreversible damage and mortality. 

 Because E. coli is a facultative anaerobe, the aerobic environment is not directly lethal to 

E. coli. Instead, the aerobic environment presents an indirect, potentially more harmful, obstacle 

to E. coli's survival outside of the enteric environment: competition with aerobic 

microorganisms. Competing organisms can inhibit E. coli directly by secreting antibiotics or 

toxins (Xavier and Russell 2006), or indirectly by consuming available nutrients (Hibbing et al. 

2010). 

 Concentrations of E. coli in hosts differ among host animal species. Within a particular 

animal, concentrations also can differ depending on gastrointestinal location. In cattle, 

concentrations are high in the mucosal-anal region because it is the site of E. coli O157:H7 

attachment (Greenquist et al. 2005). In cattle, prevalence and density of E. coli in fecal samples 

varies widely, and may be influenced by factors including diversity of the bacteria community 

within the gastrointestinal tract, diet, season, lactating stage (Hancock et al. 1994), and 

application of vaccines (Van Donkersgoed et al 2005). Many different strains of E. coli may be 

present in one individual simultaneously, as seen in humans (Beutin et al. 2004) and cattle 

(Majalija et al. 2008).  
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 There is some level of host specificity between certain strains of E. coli and a particular 

animal host. While commensal bacteria serve a useful, and essential role in digestion for the host 

animal, these bacteria can become pathogenic if they are introduced into a different animal 

species. For example, E. coli O157:H7 is a commensal bacterium in both livestock and wild 

ruminants. However, this strain of E. coli is a human pathogen that can result in severe illness 

and death. In humans, E. coli O157:H7 causes diarrhea, dysentery, hemolytic colitis (HC), and if 

left untreated, can lead to development of hemolytic uremic syndrome (HUS) and acute kidney 

failure (Tarr and Neill 2001). 

Pathogenic Escherichia coli 

 Although most E. coli are beneficial to their associated host, a subset of E. coli are 

pathogenic, and can cause diarrheal diseases (FDA-CFSAN 2007b). Escherichia coli is a clonal 

species, with clones differentiated into serotypes based on various combinations of somatic (O) 

and flagellar (H) antigens (Wang and Reeves 1998). The O and H antigens are most frequently 

used for serotype identification and differentiation. There are at least 181 E. coli O antigens 

(Durso et al. 2007). Many of these antigens are associated with pathogenicity (Wang and Reeves 

1998) whereby these O antigens are considered virulence factors (Wang and Reeves 1998). 

There are approximately 200 pathogenic strains of E. coli, and they are broadly grouped into 

large subsets: pathogenic E. coli (FDA-CFSAN 2007b), enterovirulent E. coli FDA-CFSAN 

2007b), diarrheagenic E. coli (Nataro and Kaper 1998, FDA-CFSAN 2007c), and 

enterohemorraghic E. coli  (FDA-CFSAN 2007b). There is overlap between some of the groups, 

because E. coli strains are placed into groups based on possession of particular virulence factors 

such as O and H antigens and biochemical traits. Therefore, serotypes that possess multiple 

virulence factors sometimes fall into more than one group. In general, diarrheagenic E. coli are a 

subset of pathogenic E. coli, and enterohemorrhagic E. coli are a subset of diarrheagenic E. coli. 
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 Pathogenic E. coli include all of the disease-causing strains, regardless of etiology. Some 

of the more infectious and therefore most studied O antigen serogroups include: O26, O55, O86, 

O103, O111ab, O119, O125ac, O126, O127, O128ab, O142, and O157 (Murinda and Oliver 

2006, (FDA-CFSAN 2007a, Monday et al. 2007). Some infectious strains of E. coli result in 

urinary tract infections (FDA-CFSAN 2007b), meningitis, or other non-diarrheagenic diseases. 

However, most pathogenic E. coli cause some type of diarrhea. The primary cause of diarrhea 

resulting from E. coli infections is due to release of Shiga toxins (CDC 2008), but not all E. coli 

that cause diarrhea possess the Shiga toxin-producing genes. Clinical presentation of diarrhea 

can differ greatly among diarrheagenic strains of E. coli, and among patients, so that grouping of 

strains based on symptoms can be ambiguous or misleading. Therefore, laboratory identification 

of suspected E. coli bacteria samples should be performed to identify the particular serotype. 

 Enterovirulent strains are those E. coli that can be categorized by virulence factors (VFs), 

which are unique within each group: enterohemorrhagic E. coli (EHEC), enterotoxigenic E. coli 

(ETEC), enteropathogenic E. coli (EPEC), enteroinvasive E. coli (EIEC), enteroaggregative E. 

coli (EAEC) and diffusely adherent E. coli (DAEC) (FDA-CFSAN 2007b). Of the enterovirulent 

E. coli, EHEC causes the most food-borne outbreaks, and the primary serotype is E. coli 

O157:H7. Note that additional serogroups O26, O111, O126, and O103 are non-O157 

serogroups which have recently resulted in infectious disease outbreaks (Food Source 2006). 

However, the focus of this review is limited to EHEC, E. coli O157:H7, a diarrheagenic and 

enterohemorrhagic serotype. 

 Diarrheagenic strains include those featuring the clinical symptom, namely diarrhea, that 

accompanies enteric E. coli infections. However, it should be noted that diarrhea can result from 

infections of other pathogens, so that diarrhea is not necessarily indicative of E. coli infection. In 
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fact, diarrhea is not even limited to bacterial infections. For example, most diarrhea in children is 

caused by two viruses: norovirus and rotavirus  (Doyle and Beuchat 2007). Gastrointestinal 

diseases, regardless of causative organism, generally always result in diarrhea from a sloughing 

off of the epithelial cells lining the intestine. 

 Enterohemorrhagic E. coli strains are a subset of diarrheagenic strains. These disease-

causing E. coli strains are limited to those that cause bloody diarrhea. Norovirus, rotavirus, and 

adenoviruses also can all result in bloody diarrhea (Doyle and Beuchat 2007). Within E. coli 

strains, several serotypes are enterohemorrhagic, particularly those that possess the Shiga toxin-

producing genes. Some strains of E. coli overlap into other areas of pathogenicity, because they 

possess multiple virulence factors. For example, although E. coli O55:H7 is primarily 

enteropathogenic, it is also enterohemorrhagic. Thus, it is often grouped together with O157:H7 

into an "O157:H7 complex" of enterohemorrhagic E. coli strains (Feng and Monday 2005). 

Escherichia coli O157:H7 

 Within the E. coli O157:H7 complex, E. coli O157:H7 is an enterohemorrhagic strain that 

possesses many disease-causing virulence factors (Janda and Abbott 2006). This pathogen is 

known as Shiga toxin-producing E. coli (STEC) because it produces Shiga toxins, and is also 

referred to as enterohemorrhagic E. coli (EHEC) because it is an enteric bacteria that causes 

diarrhea and dysentery (Janda and Abbott 2006). 

Escherichia coli O157:H7 and Cattle 

 Escherichia coli O157:H7 is a zoonotic bacterium that causes human disease. Cattle are 

the primary reservoir (Hussein et al. 2003, Davis et al. 2005, Sargeant et al. 2005, Alam and 

Zurek 2006) although other species of domestic animals reared for food also serve as reservoirs, 

including sheep (Chapman et al. 1997, Keen et al. 2006), goats (Pao et al. 2005, LeJeune et al. 

2006), swine (Chapman et al. 1997, Keen et al. 2006) and poultry (Chapman et al. 1997). 
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According to a report issued by USDA:APHIS:VS (2007), recent cattle herd prevalence rates in 

the United States ranged from 22-100%, although prevalence rates for individual animals within 

the herds ranged from 0-9.5%. Hancock et al. (1997) found the prevalence of O157 lowest in 

adult cattle (0.4%) and highest in weaned heifers (1.8%). He also determined that E. coli 

O157:H7 of the cattle gut is transient, with fecal shedding lasting a median of 30 d. Infection 

with E. coli O157:H7 is not limited to livestock and poultry as it has also been isolated from 

many other mammals and arthropods including deer (Asakura et al. 1998, Dunn et al. 2004a), 

opossum (Renter et al. 2004b), pigeons (Morabito et al. 2001), rabbits (Scaife et al. 2006, 

Fremaux et al. 2008) house flies (Alam et al. 2004, Sanderson et al. 2006), blow flies (Fotedar et 

al. 1992) and slugs (Sproston et al. 2006). 

 Although adult cattle are asymptomatic carriers of E. coli O157:H7 bacteria (Porter et al. 

1997), E. coli O157:H7 can cause disease in unweaned cattle that do not possess a fully 

developed rumen, making their digestive system comparable to that of humans. In adult cattle, E. 

coli O157:H7 is a commensal microorganism in the rumen, which helps provide dietary nutrients 

to the host animal (Frandson 1969). Caprioli et al. (2005) reported that poultry and pigs do not 

serve as EHEC sources; however, other researchers reported contradictory results (Doane et al. 

2002). Caprioli et al. (2005) concluded that poultry and pigs become infected by exposure to 

cattle and other ruminant (sheep, goats, water buffalo, and deer) excrement. 

Although all ruminants may potentially serve as reservoirs for E. coli O157:H7, cattle 

serve as a dominant reservoir of E. coli O157:H7, and are considered by many as the primary 

reservoir (Loneragen and Brashears 2005). Feedlot cattle pre-harvest diets have been modified in 

various ways in an effort to reduce the levels of E. coli O157:H7 in feedlot cattle. Addition of 

microorganisms to the diet appears to be one of the most promising diet modifications. In 
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contrast, addition of brown seaweed does not seem to reduce levels of E. coli O157:H7 

(Loneragen and Brashears 2005). 

In addition to modification of diet, administration of vaccines, sodium chlorate, and 

neomycin sulfate to feedlot cattle has demonstrated beneficial results towards reduced E. coli 

O157:H7 pre-harvest levels. In contrast, addition of chlorine to water sources does not appear to 

reduce E. coli O157:H7 levels in pre-harvest feedlot cattle (Loneragen and Brashears 2005). 

Escherichia coli O157:H7 Outbreaks 

 The origin of the enterohemorrhagic strain of E. coli has not been identified, although it 

emerged very recently. It was first identified, although not associated with disease, in 1975 by 

the Centers for Disease Control and Prevention (CDC) (Riley et al. 1983). Between 1978 and 

1983, laboratory analysis of stool specimens from six sporadic gastrointestinal cases resulted in 

isolation of E. coli O157:H7: five of the cases were for patients with clinical symptoms of 

hemolytic colitis, while the sixth was isolated from a patient with an unknown medical history. 

In addition to isolation from sporadic cases, E. coli O157:H7 was isolated and determined to be 

the causative agent for three 1982 gastrointestinal outbreaks. The first two occurred in Oregon 

and Michigan, USA, and caused 47 known illnesses among fast-food patrons (Riley et al. 1983). 

The third outbreak in 1982 resulted in 31 cases, 4 hospitalizations, and one fatality among a 

population of 353 elderly persons in Ottawa, Ontario, Canada (CDC 1983). Thus, within a very 

short span of seven years, a newly emerged E. coli strain quickly expanded its pathogenic impact 

upon the human population. 

 Denny et al. (2008) and Feder et al. (2003) cite annual E. coli O157:H7 disease estimates 

provided by Mead et al. (1999) for the United States. They estimate that approximately 73,000 

cases and 61 fatalities occur each year in approximately 500 outbreaks. An estimated 27-40% of 

stricken individuals progress to either severe hemorrhagic uremic syndrome (HUS) or renal 
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sequelae. They infer that the number of illnesses, hospitalizations and deaths due to E. coli 

O157:H7 may be under-reported, due to different reporting mechanisms between states and 

among doctors. As of 1999, all food-borne illnesses, including but not limited to E. coli 

O157:H7, were determined to be responsible for as many as 5,000 fatalities, with 325,000 

hospitalizations out of a total of 76 million illnesses (Mead et al. 1999, Mai et al. 2006). It is 

possible that some of the cases of unknown etiology were due to undetected E. coli O157:H7. 

Shiga toxin-producing E. coli were responsible for an estimated 100,000 cases with 2,000 

hospitalizations and 91 deaths (Frenzen et al. 2005 as cited in DuPont 2007). For humans, 

hospital expenses for patients with infectious diarrhea can be as high as $24,000 versus $9,000 

for patients that do not have infectious diarrhea (Suda et al. 2003). Similarly, medication 

expenses can be four times higher (~$4,000 vs. ~$1,000) and the length of hospitalization can be 

three times longer (22 vs. 7 days) (Suda et al. 2003). Economic impacts can also include lost 

income for families that must miss work, as well as lost profit for the employers of affected 

persons (CDC 2002). Shiga toxin-producing E. coli were responsible for an estimated 100,000 

cases with 2,000 hospitalizations and 91 deaths.(Frenzen et al. 2005 as cited in DuPont 2007). 

 Total numbers of E. coli O157:H7 cases worldwide from 1982-2006 reflects movement 

into new geographical regions. During this 24-yr period, Doyle et al. (2006) reported worldwide 

E. coli O157:H7 statistics garnered from reviews of the published literature as: 207 outbreaks 

and 26,179 cases. The economic impacts of diarrheal disease in the cattle industry are also 

significant. Increased operating expenses are observed for dairy farms, cattle rendering plants 

and other livestock and poultry businesses that must increase surveillance and management 

measures to comply with increased federal regulatory mandates (CDC 2002). Courts can impose 

stiff fines upon many different industries including producers, distributors, and restaurants. 
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Escherichia coli O157:H7 Pathogenicity 

 Escherichia coli O157:H7 possesses multiple virulence factors, including production of 

Shiga toxins (Stx1 and Stx2) (Renter et al. 2004a), also termed verotoxins (Kruger et al. 2007). 

Escherichia coli O157:H7 is closely related to other STEC organisms, including Shigella 

species, as well as other strains of E. coli, such as E. coli O55:H7, O111:H8 and O26:H11 

(Renter et al. 2004a). Of the Shiga toxin-producing E. coli strains, E. coli O157 is isolated from 

humans most often, and is responsible for most cases of HUS (Wang and Reeves 1998). Tarr et 

al. (1995) reported that E. coli O157:H7 was responsible for approximately two-thirds of HUS 

cases in North America and Europe. The second-most common E. coli serotype that causes HUS 

are E. coli O111 in the United States and E. coli O26 in Europe (Monday et al. 2007). In Europe, 

a strain of E. coli O157 (SFO157) that, unlike E. coli O157:H7, does not ferment sorbitol, has 

been implicated as a cause of HUS (Monday et al. 2007). 

Infections of E. coli O157:H7 can lead to severe symptoms including hemorrhagic colitis 

(HC), and acute kidney failure due to hemolytic uremic syndrome (HUS) (Ogden et al. 2001). 

Hemolytic uremic syndrome is the most common cause of acute kidney failure in North America 

(Karmali 1989). In the United States, HUS is the primary cause of kidney failure in children 

(Breuer et al. 2001). Since it was initially identified in 1982 (Riley et al. 1983), E. coli O157:H7 

has caused enteric outbreaks with 8% (Slutsker et al. 1998) and 9% (Bell et al. 1994, CDC 2009) 

of cases progressing to HUS (Slutsker et al. 1998). Progression of E. coli O157:H7 infections to 

HUS occurs throughout the world, especially in developed countries (Ooka et al. 2009). In Japan, 

6% of persons infected with E. coli O157:H7 developed HUS (Watanabe et al. 1999). In 

Scotland, E. coli O157:H7 has been determined responsible for more than 90% of HUS cases 

(Pollack 2005). 
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In the United States, infection with E. coli O157:H7 was made a nationally notifiable 

disease in 1995 (CSTE 2005). Enterohemorrhagic E. coli O157:H7 (EHEC) is commonly found 

in association with livestock, especially cattle (Rasmussen et al. 1999, Hussein and Sakuma 

2005). In the United States, bacterial outbreaks due to E. coli O157:H7 have occurred with 

increasing frequency since the discovery of this pathogenic strain (Hancock et al. 1994). 

Escherichia coli O157:H7 Prevalence and Persistence 

 Escherichia coli O157:H7 can persist in a wide variety of substrates for varying lengths 

of time. These substrates include livestock manure, human waste, garbage, compost, soil, and 

food crop plants, animal watering troughs, and natural water sources such as lakes, rivers and 

puddles (Avery et al. 2008). Persistence of E. coli in livestock fecal matter has been observed in 

manure from dairy cattle, beef cattle, swine, and sheep. Escherichia coli O157:H7 has also been 

observed to persist for up to three days in the acidic gut and feces of the house fly (Kobayashi et 

al. 1999). 

 Escherichia coli O157:H7 can survive for up to 2 yr in dairy farm environments (Shere et 

al. 1998). This increases its potential for disease transmission. Longitudinal prevalence (i.e., 

persistence over long period of time) of E. coli on dairy farms is seasonal, with highest 

prevalence in spring and late summer (Hancock et al. 1997, shere et al. 1998, Vidovic and 

Korber 2006). Persistence of E. coli O157:H7 has been observed in soil (Islam et al. 2004), water 

(Sargeant et al. 2003) and for up to 21 mo in composting manure (Kudva et al. 1998). Islam et al. 

(2004) observed that E. coli O157:H7 can survive in soils amended with cattle manure for more 

than five months. 

 Persistence of E. coli O157 and specifically, E. coli O157:H7, in farm environments has 

been linked to its prevalence in water, including water tanks (Sargeant et al. 2003) and open 

water (Shere et al. 1998). Sargeant et al. (2003) reported higher individual cattle shedding rates 
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for beef cattle in feedlot pens that tested positive for E. coli O157 than for beef cattle in pens that 

tested negative for E. coli O157. They also observed that E. coli O157 was more likely to infect 

the water if it was detected in water-tank sediment. 

 Our understanding of the ability of E. coli O157:H7 to persist on plants has been further 

understood by recent evidence that plants take up the bacterium through their stomata and 

translocate the organism to their tissues (Teplitski et al. 2009) . However, isolation frequency of 

E. coli O157:H7 serotype has been lower than  that of other enteric pathogens (Tyler and Triplett 

2008). The ability to find "safe harborage" inside plant tissues could potentially permit greater 

persistence in plants than is possible by mere surface contamination. Persistence of E. coli 

O157:H7 and other enteric pathogens in and on plants is closely associated to the common 

agricultural application of animal manures (Brandl 2006). 

Escherichia coli O157:H7 Detection, Isolation and Identification 

Several different selective media have been used to detect, isolate and identify E. coli 

O57:H7 in samples collected from dairy cattle and other livestock farm environments, including 

Sorbitol MacConkey (SMAC) agar, Levine’s Eosine-Methylene Blue (L-EMB) agar, and 

CHROMAgar. These media contain selective agents, such as dyes and bile salts that inhibit the 

growth of competing microbial organisms, such as gram positive bacteria. Their specificity is 

increased further by addition of antibiotics (Heuvelink 2002). Although E. coli O57:H7 is 

difficult to isolate from fecal samples, it occurs in low densities as compared to other enteric 

microorganisms. In fecal samples, enrichment culture provides more sensitive isolation of E. coli 

O157:H7 than direct culture (Sanderson et al. 1995, Zhao et al. 1995, Wallace and Jones 1996), 

largely due to the inclusion of selective agents and/or antibiotics. 

Although selective media inhibit competing bacterial growth to improve recovery of E. 

coli O157:H7, each selective medium used to isolate and identify E. coli O157:H7 has 
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disadvantages. For example, although SMAC agar contains selective agents to increase its 

specificity for isolation and identification of E. coli O157:H7, SMAC agar has poor overall 

specificity. Another disadvantage of SMAC agar is its propensity to change colors when 

incubated for prolonged periods, making it difficult to interpret results. 

Although supplementation of microbiological media, both selective and non-selective 

(general growth) types, with cefixime and potassium tellurite increases specificity, such 

supplementation can result in false positives, particularly when genetically similar enteric 

bacteria such as P. mirabilis or E. hermanii (Wallace and Jones 1996) are competing for growth. 

In addition to providing false negative results, supplementation with antibiotics and/or bile salts 

can actually inhibit recovery of acid- or freeze-stressed E. coli O157:H7, regardless of whether 

the media used is selective or non-selective (Stephens and Joynson 1998). 

 Escherichia coli is commonly found in complex media such as manure (Pell 1997). 

Although widely present in fecal matter, E. coli O157:H7 is difficult to isolate, because there are 

also high concentrations of competing, "background" microorganisms (BM), such as Proteus, 

Klebsiella, Salmonella, and Shigella (Vold et al. 2000). Escherichia coli populations decrease 

rapidly after host excretion, because of changes in temperature, light, pH and moisture conditions 

(Unc and Goss 2006), and from increased growth rates of competing bacteria. Historically, the 

largest concentrations of E. coli have been obtained from fresh manure, either during or 

immediately after deposition.(Bolton et al. 1999, Duffy 2003). More recently, still higher 

numbers of E. coli have been collected by insertion of anal-rectal swabs (Chapman et al. 1997, 

Pearce et al. 2004, Ahmad et al. 2007), a sampling method that is considered by some to be more 

sensitive than collection of deposited manure (Rice et al. 2003). However, Vidovic and Korber 



 

71 

(2006) determined that large 10-g fecal samples provided more accurate isolation of E. coli than 

swabs.  

 Isolation of E. coli strains from manure is complicated by the large numbers and variety 

of different bacteria species present. Kudva et al. (1998) and Tutenal et al. (2003) observed that 

animals inoculated with 105 CFU/g of E. coli had average initial E. coli concentrations of 105 – 

108 CFU/g in fresh feces, that concentrations in manure piles remained at 105 – 106 CFU/g for 

approximately one year, but decreased to 101 – 102 CFU/g when aerated (Tutenel et al. 2003, 

Dunn et al. 2004b) determined that prevalence rates of E. coli O157 in dairy cattle manure were 

commonly < 1%, and never exceeded 5%. 

 Pearce et al. (2004) tested up to three samples from individual cow pats, and determined 

that E. coli O157 distribution within single cow pats is highly variable; thus, prevalence rates can 

vary significantly, depending on where in the cow pat samples are obtained. Echeverry et al. 

(2005) also tested multiple samples per cow pat, and determined that prevalence rates increased 

from 8.2% when one sample/pat was tested, and up to 20% when 5 samples/pat were tested. 

 Isolation of E. coli strains differs for diarrheagenic versus non-diarrheagenic species 

(Heuvelink 2003). Within diarrheagenic E. coli strains, differentiation of enterohemorrhagic E. 

coli (EHEC) O157:H7 can be accomplished by any of several methods, and there is no general 

consensus on which method is superior. Typical E. coli biochemical characteristics include the 

following: Lysine +, Citrate -, Indole +, Acetate +, Lactose +, and aerogenic + (production of gas 

with carbohydrate metabolism). 

 Escherichia coli O157:H7 does not ferment sorbitol within 24 h (Doyle and Schoeni 

1984), and is therefore described as "non-sorbitol-fermenting" (Desmarchelier et al. 1998). 

Because most isolation culture methods involve 24-h incubation, this characteristic provides easy 
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differentiation from similar and closely related enteric bacteria species. Escherichia coli 

O157:H7 has a characteristic morphology and color when grown on Sorbitol MacConkey agar 

(SMAC) supplemented with selective antibiotics such as potassium tellurite and cefixime (CT-

SMAC) that inhibit gram-positive bacterial growth and enhance gram-negative enteric bacterial 

growth. Such media is commonly used, although the percentages of the respective antibiotics 

may differ among researchers. Typically, antibiotic concentrations are: potassium tellurite (1.25 

µg/l), sometimes referred to simply as "tellurite," (Alam and Zurek 2004) and cefixime (15 µg/l) 

(Desmarchelier et al. 1998). Antibiotics are added to provide selective growth of enteric bacteria, 

especially of E. coli O157:H7, as well as to provide differentiation of E. coli O157:H7 from its 

close enteric relatives. When cefixime and potassium tellurite are supplemented into SMAC, the 

resulting agar is referred to variously as CT-SMAC, SMAC-CT, or even as mSMAC, where the 

"m" represents "modified," even though the type of modification may differ dramatically. 

Comparison of results obtained from use of SMAC modified with antibiotics needs to be 

conducted very carefully, for upon examination, not all researchers use the same concentrations 

of antibiotics. Thus, while multiple researchers may all refer to "CT-SMAC," they may be using 

fundamentally different selective media. Additionally, some researchers add yet another 

antibiotic, vancomycin; again, with differing concentrations. In some rare instances, the 

antibiotic cefsulodin has been used, either in addition to those listed previously, or as a 

replacement for one or more of them. Cefsulodin is recommended along with cefixime and 

potassium tellurite in an FDA protocol for isolation of E. coli O157:H7 (FDA-CFSAN 2007b). 

 There is one caveat regarding the use of potassium-tellurite antibiotics in media. 

Although primarily used to select for non-sorbitol fermenting E. coli O157:H7, potassium 

tellurite also permits growth of other Shiga toxin-producing E. coli strains such as O26, O111, 
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and O145 which possess the ter gene that confers resistance to this antibiotic. Possession of the 

ter gene appears to be positively correlated with possession of the eae gene. Therefore, use of 

this antibiotic in selective plating media makes isolation of O157:H7 more likely, but not 

guaranteed. Strains of E. coli isolated with potassium-tellurite tend to possess the eae gene (Orth 

et al. 2007). 

 Even without supplemental antibiotics, SMAC is selective for gram-negative bacterial 

growth, because crystal violet is a selective component of sorbitol MacConkey agar (SMAC) that 

inhibits growth of competing enteric gram-positive bacteria (Doyle and Beuchat 2007). For this 

reason, SMAC is widely considered to be the best media to use for successful isolation of E. coli 

O157:H7 (CDC 1994). Chou et al. (2000) observed that E. coli O157:H7 cultured in non-

selective general-growth trypticase soy broth (TSB) culture tubes for one day at the low-

temperature stresses of -5 ºC, -18 ºC and -28 ºC exhibited respective survival rates of 87.55%, 

0.72%, and 1.66%, when followed with a subsequent 1-h exposure to crystal violet. This high 

mortality of cold-stressed E. coli O157:H7 after 1 h exposure to crystal violet illustrates the 

importance of crystal violet dye for the selective isolation of E. coli O157:H7, even without 

antibiotics. The use of antibiotics is helpful against competing gram-negative bacteria after 

crystal-violet inhibition of gram-positive bacteria. 

 Although it may seem frustrating that researchers use various concentrations and 

mixtures of antibiotics to supplement SMAC for selective growth and isolation of E. coli 

O157:H7, there is ample justification for it: different strains or serotypes of E. coli O157:H7 may 

react dissimilarly when exposed to environmental stresses. Development of antibiotic resistance 

in a given bacterial population may change an organism’s ability to grow in antibiotic-treated 

media. Escherichia coli O157:H7 is typically resistant to many antibiotics, and will usually grow 
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on media that contains cefixime and potassium tellurite, whereas other enteric bacteria will be 

inhibited by these two antibiotics (Desmarchelier et al. 1998). 

 While CT-SMAC, in all its variations, appears to be the most selective and most effective 

media for differential isolation of E. coli O157:H7, direct plating may not be sensitive enough to 

identify the low levels of O157:H7 that are typical of samples with low concentrations of E. coli 

O157:H7 such as exist in many food samples (Willshaw et al. 1994). This might also be true for 

fecal samples, particularly because cattle shed E. coli O157 both seasonally and sporadically, so 

that bacterial concentrations may vary widely from one sampling occasion to the next (Matthews 

et al. 2005). This lack of sensitivity led to the development and wide use of immunomagnetic 

separation (IMS) for selective isolation of E. coli O157:H7 on magnetic beads coated with anti-

E. coli O157:H7 antibodies. IMS permits very selective binding of E. coli O157:H7 to the beads. 

The conjugated bacteria-bead complex is manually separated from bacterial enrichment broths 

magnetically and by simultaneous rinses in buffered detergent, such as PBS Tween-20. The 

benefit of IMS is that it permits a more sensitive detection of E. coli O157:H7 than traditional 

direct plating (Grif et al 1998). However, the disadvantage of IMS is that specificity may be 

decreased by the many sorbitol non-fermenting microorganisms that bind non-specifically to the 

immunomagnetic beads (Chapman and Siddons 1996).  

 Standard microbiological selectivity of isolation has been greatly improved by 

immunomagnetic separation (IMS) technology which increases sensitivity 100-fold over direct 

culture methods (Karch et al. 1996). Immunomagnetic separation utilizes magnetic beads coated 

with polyclonal pathogen-specific antibodies into specimen enrichment samples for inoculation. 

The magnetic beads specifically bind to the O157 somatic antigen of E. coli O157. Sequential 

rinsing steps remove any sample debris and/or non-specifically bound pathogens from the beads, 



 

75 

and the beads are then plated directly onto selective media (Heuvelink 2003). The IMS protocol 

is especially effective in samples such as feces which contain large populations of competing 

(background) microorganisms (Manafi 2003). 

 Detection of E. coli O157:H7 by direct culture is an expensive, difficult, labor-intensive 

and time-consuming process with little consistency in chosen isolation methods among 

researchers (Manafi 2003, Heuvelink 2003). Standard microbiological tests typically take 3-4 

days to complete and require repetitive re-plating of suspect organisms onto new media each 

day. High background microfauna concentrations typical of fecal samples greatly increase the 

difficulty with which E. coli O157:H7 is successfully isolated. Competing microorganisms can 

be so numerous that they result in lawns of bacterial overgrowth, even when plated onto selective 

media plates that contain antibiotics specifically designed to inhibit the growth of non-E. coli 

O157:H7 organisms (Heuvelink 2003). Identification by biochemical and morphological traits 

can take as long as 7 d, depending on how many traits are examined and which selective media 

are used. Biochemical tests have low specificity and selectivity (Visetsripong et al. 2007), 

making it difficult to accurately identify and isolate O157:H7, especially if present in very low 

numbers. Successful detection and isolation of E. coli O157:H7 is further confounded by the 

presence of closely related bacteria species.  This is particularly evident in fecal environments 

where competing microorganisms share similar phenotypical and biochemical traits with E. coli 

O157:H7, even when isolates are plated on selective media designed to differentiate between 

bacteria species. Thus, isolation of individual colonies with typical E. coli O157:H7 

characteristics on any particular media require subsequent transfer to additional selective media 

to confirm identification. 
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 Rapid, selective and sensitive detection methods are important (Ogden et al. 2001). 

Although addition of inhibitors and/or antibiotics to growth media increases the selectivity of the 

media for successful isolation of the target bacteria, it often decreases the sensitivity, so detection 

of small numbers of bacteria becomes increasingly more difficult.  

Escherichia coli O157:H7 and DNA-based Isolation Techniques 

Polymerase chain reaction (PCR) provides a more selective and sensitive method than 

direct-culture to identify E. coli O157:H7 in samples (Visetsripong et al. 2007), and permits 

serotyping (Beutin et al. 2007). PCR can be performed in 6 hours (Szalanski et al.  2004), 

making it more promising for timely identification of E. coli O157:H7. Primer pairs can be used 

individually in uniplex or combined in multiplex PCR to amplify one or more specific target 

gene fragments, respectively.  

 Shiga toxin (Stx) gene fragments are often targeted in PCR because they are probably the 

main virulence factors (VFs) of E. coli O15:H7 that lead to HUS and HC (Beutin et al. 2007, 

Krüger et al 2007). Successful PCR amplification of Stx gene fragments confirms the presence of 

the Shiga toxin-producing gene, but does not specifically confirm E. coli O157:H7, because Stx 

genes are also present in more than 200 serotypes of E. coli (Beutin et al. 2007) and in closely 

related Shigella spp. (Donnenberg 2002). 

 While PCR provides quick identification of positive E. coli O157:H7 samples, one 

disadvantage of using PCR is that fecal components inhibit polymerase chain reaction, and thus 

result in false-negative PCR results (Wilde et al. 1990, van Zwet et al. 1994). However, these 

chemicals can be removed by detergents (Wilde et al. 1990). Another disadvantage of PCR is 

that there is evidence that E. coli O157:H7 strains can lose Shiga toxin-producing genes (Feng et 

al. 2001) so that PCR might not detect positive E. coli O157:H7 samples that are detected by 

serological or biochemical methods. 
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Summary 

 While cattle are a primary reservoir of E. coli O157:H7, they shed this pathogen 

intermittently in their feces (Wetzel and LeJeune 2006). The highest cattle shedding of E. coli 

O157:H7 occurs during warm summer months when both E. coli O157:H7 and house fly 

populations are also at their highest levels (Alam and Zurek 2004). Standard fecal cultures based 

on 25 g of cattle feces inoculated in 225 ml of a non-selective nutrient broth typically detect E. 

coli O157:H7 concentrations that range from 2 x 102  to 8.7 x 104 CFU/ml. (Hancock et al. 

1997). In contrast, adult house flies weighing only 0.13 g have E. coli O157:H7 in concentrations 

ranging from 3 x 101  to 3.0 x 105 CFU/fly (Alam and Zurek 2004), the equivalent of 3 x 102  to 

3.0 x 106 CFU/ml, so there is as much as a 100-fold higher concentration of E. coli O157:H7 in 

house flies than in manure. Thus, it is possible that  E. coli O157:H7 on dairy farms might be 

more accurately detected by testing adult house flies instead of cattle manure samples, regardless 

of which isolation method is utilized. 
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CHAPTER 2 
HOUSE FLY DISPERSAL 

Introduction 

 Musca domestica L., the house fly, is capable of transmitting more than 100 

pathogenic organisms (Greenberg 1973) that can cause disease in humans. Musca 

domestica has especially strong links to enteric diseases, such as typhoid, cholera, 

dysentery, and diarrhea (Steinhaus 1946), which cause high mortality rates worldwide, 

particularly in children of developing countries (Kosek et al. 2003, iOWH 2008). The 

house fly's ability to transmit pathogens is due to the following synergistic factors: 1) its 

predilection to breed in fecal or rotting organic material that may be teeming with 

disease-causing microorganisms, 2) its habit of constant regurgitation and excretion while 

eating, and 3) its ability to disperse over wide geographic areas as far as 33 km (20 mi) 

(Murvosh and Thaggard 1966, Meerburg et al. 2007), including direct flight over large 

swamps and across rivers 300-500 m wide (Shura-Bura et al. 1962). Considered alone, 

none of these behaviors creates a human disease threat. However, considered together, 

the potential for disease transmission expands exponentially, as the house fly can 

potentially transmit many fecal pathogens to any food source within its dispersal range. 

Dispersal of the pathogen-infected house fly from a dairy to a town introduces and 

increases the potential for disease transmission to humans. 

 Flight and dispersal behavior for house flies and other species of synanthropic 

flies with similar breeding habits, such as stable flies and blow flies, has been reported by 

a number of researchers and varies drastically in individual studies. In rural areas, house 

flies can disperse 12 km (Broce 1993a) and have been documented dispersing up to 21 

km (Bishopp and Laake 1921, Alam and Zurek 2004) from their breeding sites. In urban 
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communities, most flies disperse within 1.7 km (1 mi) of release sites (West 1951, 

Quarterman et al. 1954, Schoof and Siverly 1954b; Hanec 1956; Saccá 1964, Milio et al. 

1988). However, house flies have been documented to disperse distances up to 33 km in 

urban environments (Murvosh and Thaggard 1966). House fly dispersal speed has been 

documented at a rate of 1 km/h for the first 3-4 h, when dispersal occurred as direct flight 

over a large swampy area and across rivers (Shura-Bura et al. 1962). Dispersal distances 

and recapture rates might be influenced by the type of flies used, i.e., field-collected or 

laboratory-reared. Previous studies have indicated that use of field-collected flies is more 

representative of dispersal under natural conditions than flies that are reared for multiple-

generations in the laboratory. Eddy et al. (1962) recaptured a 10-fold higher percentage 

of field-collected flies than laboratory-reared flies, implying that laboratory colonies may 

lose their ability to disperse. 

 Dispersal of house flies increases the potential for transmission of zoonotic 

diseases to humans, particularly from sites conducive to fly breeding such as dairies that 

house large numbers of cattle (Kaufman et al. 2005b, Ahmad et al. 2007, Conn et al. 

2007), beef cattle feedlots (Skoda et al. 1993, Thomas 1993, Sanderson et al. 2006), 

swine facilities (Rosef and Kapperud 1983, Halverson 2000), poultry buildings (Hald et 

al. 2004, Watson et al. 2007) as well as non-agricultural sources of fecal waste, such as 

dog excrement (Wilton 1963), to nearby human population centers. If house flies can 

maintain a travel speed of 1 km/h for an extended period of time, and if house fly 

dispersal flight occurs in a straight line from a breeding site, then house flies could 

potentially transmit infectious pathogens as far as 12 km in only 12 h (Meerburg et al. 

2007).  
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 The house fly readily alights on decomposing fecal/organic matter as well as 

human food, and moves freely between the two. External contamination of house flies 

can range from 2.5 to 29.5 million bacteria per fly (Hawley et al. 1951), and some 

bacteria can survive up to 3.5 d on the surface of house flies (Peppler 1944). Bacterial 

contamination of house flies can also occur after flies contact food crops that have been 

fertilized with liquid manure or solid fecal waste (Islam et al. 2005). Mechanical 

transmission of this bacterium by house flies has been well-established by many 

researchers (Echeverria et al. 1983, Fotedar et al. 1992, Sasaki et al. 2000, Alam and 

Zurek 2004, Buma et al. 2004, Ahmad et al. 2007, Nmorsi et al. 2007). Biological 

transmission also appears likely if E. coli O157:H7 is capable of replicating within the 

house fly gut (Hawley et al. 1951, Petridis et al. 2006). 

 House fly dispersal has been measured by many types of mark, release and 

recapture studies using fluorescent dusts, sticky traps, and UV lights (Hogsette 1983, 

Osek 2001). One of the easiest and most efficient techniques for marking and releasing of 

large numbers of small insects is the application of fluorescent dust (Hagler and Jackson 

2001). Insects such as house flies are collected in the field or mass-reared in the 

laboratory, marked for future identification, released in the field, and recaptured at 

various distances from their release site. Ideally, the substance used to mark the insects is 

long-lasting, is non-toxic to both the insect and the environment, does not change insect 

behavior, and is easy to observe on recaptured specimens. Additionally, the ideal insect 

marker is inexpensive, readily available, has a long shelf life, performs consistently, and 

can be applied quickly and easily (Osek 2001). Quick and easy application of markers is 
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particularly beneficial in the field, where access to tools used to decrease insect activity 

for easier application of markers, such as chill tables or CO2 anesthetic, is limited. 

Many types of markers have been used effectively in the past, but are no longer 

recommended or are sometimes prohibited under existing regulatory legislature, due to 

human, animal and/or environmental health concerns. For example, radioactive 

phosphorus (32P) has been added to adult fly laboratory diets and 32P-labeled flies 

released and recaptured in the field (Lindquist et al. 1951, Yates et al. 1952, Eddy 1962, 

Shura-Bura et al. 1962, Williams, J. R. P. 1973). Marked flies were subsequently counted 

using readings on Geiger-counters (Hoffman and Lindquist 1951; Lindquist et al. 1951; 

Yates et al. 1952; Eddy 1962; Shura-Bura et al. 1962; Williams, J. R. P. 1973). Hoffman 

and Lindquist (1951) reared flies in media containing 32P to compare the efficacy of this 

method against application by ingestion, and determined that feeding 32P to adult flies 

was both more effective and cost-effective. Lindquist et al. (1951) compared marking 

adult house flies by adding 32P to the diet against dusting with fluorescent dusts. They 

determined that marking with dietary 32P was more efficient and less labor-intensive, and 

they observed that the dusts wore off within 48 h so that identification of dusted flies was 

difficult. Similarly, Eddy et al. (1962) concluded that ingestion of 32P was a more useful 

marking method than fluorescent dusts, because wild flies had natural fluorescence that 

was easily confused with the fluorescent marker (C-205 yellow, Ultra Violet Products, 

Inc.) used in their study. 

 Although there is no universal method of marking insects, dusts are possibly the 

most frequently used external markers, due to their ease of use in both application and 

observation, as well as their low cost, ready availability, and low toxicity. Fluorescent 
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dusts, in particular, Day-Glo® powdered pigment dusts, have been used to track dispersal 

and population dynamics, without any observed adverse changes to insect behavior or 

mortality (Hogsette 1983, Hogsette 1984, Kristiansen and Skovmand 1985). Fluorescent 

dusts also offer potentially long-term investigative study possibilities, because the dust 

has been shown to last up to 3.5 mo in the field (Taft and Agee 1962). Flies are dusted 

with fluorescent powder, released, and recaptured; subsequent UV light examination of 

recaptured flies illuminates any retained fluorescent dust on areas of the body that the fly 

has difficulty grooming. Flies dusted as adults will typically retain dust particles on 

portions of the thorax; when the puparia are dusted, flies emerge, crawl through the dust, 

and retain it on their ptinilum (Hogsette 1983). 

 An additional advantage of fluorescent dusts is that their visibility is greatly 

enhanced when examined under long-wave ultraviolet (UV) light. Thus, large numbers of 

recaptured house flies on sticky traps can be examined rapidly and easily under UV light 

to determine how many are marked. This eliminates time- and labor-intensive 

observation methods used with alternative marking techniques, as there is no need to 

destroy individual insects to observe internally expressed dyes, to apply solvents, or to 

perform genetic analysis. Application of fluorescent dusts is relatively easy, inexpensive, 

and less labor-intensive than other insect marking techniques, and enables marking of 

thousands of insects simultaneously (Zhao et al. 1999). Additionally, application of 

fluorescent dusts can be accomplished using mechanical dusters (Hogsette et al. 1993). 

 Flies can be captured on a wide variety of traps. Alsynite traps have proven 

effective, easy to transport, and easy to use in the field. One type of alsynite trap consists 

of a translucent rectangular fiberglass panel folded to form a cylinder that is then 
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wrapped with an adhesive coated clear plastic sleeve (Hogsette and Ruff 1990). The 

fiberglass panels reflect ultraviolet light, making them attractive to many flying insects 

such as stable flies, Stomoxys calcitrans (L.), (Williams, D. F. 1973), alate red imported 

fire ants, Solenopsis invicta Buren, (Milio et al. 1988), and house flies (Geden 2006). 

Flies that land on the adhesive become stuck. Traps can be examined under UV light to 

observe fluorescence on individual flies, and flies can be identified to species. 

 Although flies ostensibly have all their physiological needs met in the dairy 

environment and have no discernible reason to leave the dairy, there is evidence that they 

disperse in all directions without aid of vehicle transport, in direct flight, away from the 

dairy. The true pathogen transmission potential of M. domestica in north-central Florida 

can be better estimated if house fly dispersal behavior can be determined. The goals of 

this study are: 1) determine if house flies disperse from a dairy to a town, 2) determine 

recovery rates of marked flies, and 3) evaluate possible deleterious impact of fluorescent 

dusts used to mark the flies. 

Materials and Methods 

Laboratory Facilities and Rearing 

 Unless otherwise stated, all laboratory studies and fly rearing were done in the 

fly-rearing laboratory at the USDA-ARS-CMAVE in Gainesville, FL. Standard USDA 

rearing conditions for all fly stages in the fly rearing chambers were 26 ± 2 °C, 60 ± 5% 

RH, 12:12 L:D. (Hogsette 1996). Any mention of fly larval growth medium refers to the 

Gainesville House Fly Diet (GHFD) (wheat bran 50%, alfalfa meal 30%, cracked corn 

20%) (Hogsette 1992), unless another medium is specifically described. Larval growth 

medium was moistened with water in a 1:1 (v:v) diet:water ratio. Adult house flies were 
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provided with food comprised of 6:6:1 powdered milk: granulated sugar: powdered egg 

yolk, and ad libitum access to water (Hogsette et al. 2002). 

 During this study, dairy-collected adult and immature house flies were frequently 

reared in the laboratory. Fly transport cages measured 30.5 x 30.5 x 30.5 cm (Model 

1450B, Bioquip, Rancho Dominguez, CA) and were used to move adult dairy-collected 

flies back and forth between the field and laboratory, and to release marked adult flies at 

the field site. Rearing cages were either: 46 x 46 x 46 cm (Model 1450C, Bioquip, 

Rancho Dominguez, CA), or 45 x 36.25 x 36.25 cm (USDA) (USDA-ARS-CMAVE, 

Gainesville, FL). 

 Regardless of which cage was in use, adult house flies were maintained under 

standard USDA rearing conditions as previously described. Approximately 100 g of fresh 

GHFD was placed in each cage in 237-ml Styrofoam® deli cups (Model # 8SJ32, Dart 

Water Corp., Mason, MI). Approximately 400 ml of water was placed in 473-ml clear 

plastic deli cups (Model #L2516, Newspring Packaging, Kearny, NJ), and covered with a 

single layer of foam packing pellets to prevent drowning. In adult rearing cages, fresh dry 

diet was added to cages every 3 d, and additional containers of water were added if water 

levels dropped to less than 25% or if dry diet or water showed mold growth. Transport 

cages were in use for only a few hours, so replenishment of dry diet and water was not 

necessary. 

Description of Study Area 

 The study area used from 16 October 2008 to 4 December 2008 and from 14 May 

to 25 June 2009 is located in north-central Florida, in a geographical region dominated by 

small livestock farms, primarily dairies and poultry broiler farms. The area was relatively 

flat, with gentle rises (hillocks). Patchy habitats of scrub forest were interspersed 
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throughout the area, with fields often separated by tree-lines (wind-breaks). Dairy 

pastures on the release farm were irrigated with water and fertilized with slurry (liquefied 

manure), both of which were applied with water sprayers of various types. The study area 

was the area between a small town and the dairy upon which the flies were released. This 

dairy is hereafter referred to as "Dairy A." There were two other dairies nearby: both 

were adjacent to Dairy A with shared property lines. "Dairy B" was located W of Dairy 

A, and "Dairy C" was located S of Dairy A. The town was located entirely within 3.5 km 

SSW of Dairy A, so that traps placed at the closest edge of town relative to Dairy A were 

located approximately 2.5 km from the dairy, and the trap that was placed in town 

furthest from Dairy A (trap 12, at Restaurant D) was located 3.5 km from the Dairy A 

release site. House flies were collected from both Dairy A and Dairy B; however marked 

adult flies were released only from Dairy A. 

 Dairy A milked between 400-500 cows and maintained 4-5 bulls at the beginning 

of the study. Approximately 50% of the cattle were sold during the summer of 2009, so 

the herd decreased to 200-300 by the end of the study. The cattle grazed on Bahia grass 

fields during the day, and came to the open-sided barn twice daily to eat grain and be 

milked. Hay was provided in the fields to supplement grazing. The barn contained 2-3 

large cement water-troughs located mid-way between the south and north barn edges, and 

was equipped with misters that sprayed water over the cows, and large fans that increased 

air-flow within the barn. The barn was located atop a small hillock, and consisted of a 

large cement floor that was slightly graded to enhance twice-daily rinsing of feces and 

urine into a cement culvert that emptied into a nearby cement waste-containment system. 

The floor was rinsed by flooding it with water that was stored in a large tank located at 
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the eastern end of the barn at the point of highest elevation. After cattle feeding was 

completed, a release valve on the tank was opened, so that the entire contents of the water 

tank flooded the floor of the barn, and rinsed fecal waste into the culvert. 

  The barn had two cement feeding troughs, one along each of the south and north 

lengths. The feed troughs were located at ground level, at the edge of the barn's roof drip 

line, so that the grain was largely protected from rainfall except during windy conditions. 

The troughs did not receive water spray from the barn misters. After rain, large puddles 

formed next to the feeding troughs, and some runoff entered the open ends of the feeding 

troughs. Grain was poured into the troughs mechanically by a truck twice daily. Cattle 

entered the barn approximately 30-60 min before the grain was delivered, and also were 

observed eating grain that remained in the troughs from previous feedings, even if it was 

slightly moist from rain or infested with fly larvae. The feeding troughs consistently 

served as house fly breeding sites during this study. Intermittent applications of toxic fly 

bait containing imidacloprid (QuickBayt™, Bayer, Shawnee Mission, KS) and 

insecticides containing permethrin both inside and outside the barn were used to suppress 

adult house fly populations. Additionally, permethrin-impregnated ear tags were used for 

horn fly, Haematobia irritans (L.), control.  

 Dairy B was a dairy with 500-600 milking cows, approximately 30 bull calves, 

and 7-8 bulls. The cattle spent the majority of their time in open-sided barns, where feed 

was available ad libidum. When in the barn, cattle were packed so tightly that they were 

pressed together. Cattle were milked twice daily. Cattle sometimes grazed in the grass 

fields, and supplemental hay was available in the fields. There were two barns, 

respectively placed north and south of the milking parlor, which were identical in 



 

87 

structure. Each barn contained one large cement water trough located in a corner. Several 

large ceiling fans were evenly distributed throughout the barns. Water misters were also 

located throughout the barns. The barns were located on an inclined patch of land so that 

the north barn had the higher elevation. The cement barn floors had little or no grade, 

limiting runoff. Fecal and urine waste products accumulated rapidly, and were removed 

by spraying water with a hand-held hose. Liquefied waste flowed into a nearby earthen 

lagoon system situated south and downhill of the south barn. 

 A large cement feed trough ran east to west through the center of each barn. Feed 

was provided daily to the trough by a mechanical feed auger system. The feed troughs 

were elevated, so that cattle could consume feed without stooping. Fecal and urine waste 

did not appear to contact grains. New feed was apparently added to old feed as troughs 

were never completely empty. The troughs were within range of the water misters, and 

the feed was frequently damp. The feed troughs were surrounded with steel poles that 

provided abundant horizontal and vertical resting surfaces for adult house flies. 

Additionally, rough wood support beams were located at regular intervals along the feed 

troughs. The barn's exterior was constructed of rough wood, with wood beams extending 

from floor to ceiling, and plywood panels covering the top half of the barn. Cattle were 

restrained in the barn by a wood fence that surrounded the perimeter of the barn. 

 The south barn was built so that its southern edge was above-ground. Fecal waste 

draining from the south barn usually overflowed onto the ground, and possibly 

contaminated spilled grains that were located underneath the auger used to supply new 

feed to the feed trough. Overflow of fecal waste into spilled grains was further facilitated 

by a constantly flowing hose that supplied the water trough inside the barn. The trough 
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overflowed out of the south barn onto the ground through which the fecal waste moved 

en route to the lagoons. The spilled grains were located slightly downhill of the fecal-

waste ditch. Therefore, grains that spilled onto the cement pad beneath the auger were 

moistened by various sources, including rainfall and diluted fecal waste. Between the 

south barn and the lagoons, there was a large patch of untended grass and herbaceous 

growth.  

 Some of the calves were kept in individual calf hutches, while others were 

permitted free range in a field. This field was not mown during the 2009 6-wk study and 

the forage growth was taller than calf-height by the end of the study. The calves were all 

located in a pasture approximately 0.5 km south of the feed barns. Calves in hutches were 

supplied with feed and water. Hutches were placed in the shade under large deciduous 

trees. Feed was provided to the calves in a large plastic drums with and without 

protective coverings. Water was provided by insertion of a water hose into a large plastic 

drum set on its end. 

 Similar to Dairy A, fly control was attempted by scattering imidacloprid fly bait 

and spraying permethrin around barns. Additionally, permethrin-impregnated ear tags 

were attached to cattle ears. 

House Fly Collection and Rearing 

 Adults and immature stages of house flies were collected from both dairies 

weekly for this mark, release and recapture dispersal study. Adult house flies were 

collected via repeated sweep-netting above the feed troughs for up to 30 min by 1-2 

persons, and transferred into a transport cage that already contained water and adult 

house fly diet, as previously described. Transfer of flies from sweep nets into transport 

cages was accomplished by inverting the net into the cage through a cotton sleeve 
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attached to the front of the cage, and shaking flies loose inside the cage. Adult flies that 

were captured and subsequently released on-site at Dairy A in this manner are referred to 

as the sweep netted flies (SN). 

 The total number of adult house flies captured each week was estimated using the 

following two methods. During the first week, an average sweep net count rate was 

established for each individual, by having each person collect two extra sweep net 

collections, one at the beginning of sweep-netting, and one at the end of sweep-netting. 

When dairy-collected house fly populations at the dairy were visually low, the number of 

flies caught in initial sweeps was much greater than the number caught in final sweeps. 

The first and final sweeps were used to determine average sweep net values per 

individual researcher, to compensate for the decreased house fly population in the 

vicinity resulting from the sweep-netting impact. After determining each researcher's 

average sweep count rate, the total number of house flies collected per individual was 

estimated by multiplying the number of sweeps that each person performed by that 

individual's respective average sweep net count rate. Finally, the total count of house flies 

captured for the mark and release technique was calculated by adding individual counts 

together. This method was used only during the first week, because fly numbers appeared 

to be reduced too much by this method. Therefore, during the remainder of the study 

period, visual estimates of the reared adult house flies were made. 

 To supplement dairy-collected-caught adult flies, immature dairy-collected flies 

were reared in the laboratory (IR). House fly eggs, larvae, and/or pupae were collected by 

filling 3.79 liter plastic buckets (Model # 8671-2 NRC 65 MIL, Letica Corporation, 

Rochester, MI) with decomposing grains and other dairy sources (dairy-collected 
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materials) where immature flies were observed prior to collection. Dairy-collected 

materials and immature flies were transported back to the USDA laboratory in an air-

conditioned vehicle. 

 In the laboratory, dairy-collected materials containing IR developing flies of all 

immature stages were evenly dispersed among several enamel-coated steel dental pans 

(19 x 31 x 5 cm) so that each pan was filled to a depth of approximately 2.5 cm. The 

remaining depth of each pan was filled to the top by addition of moistened Gainesville 

house fly diet (GHFD) (Hogsette 1992), as previously described. Larval rearing pans 

were placed individually inside Bioquip rearing cages. Adults were permitted to emerge 

from the rearing material, and were provided with adult house fly diet and water as 

described previously, in the rearing cages, for up to 6 d. After 6 d, all emerged adult flies 

were transferred to a transport cage as described below. 

 In preparation for transport to the field, adult IR house flies were transferred from 

the rearing cages to smaller transport cages using CO2 introduced to a cage placed in a 

plastic bag. Flies were examined after each application of CO2 for recovery. 

Anaesthetized adult flies were gently shaken out of the rearing cage and into a transport 

cage. Flies were provided water and adult house fly diet during transport back to the 

dairy. The IR adult flies thus produced from dairy-collected-caught larvae ranged in age 

from 1-6 d (some adults emerged within hours of collection), depending on the day of 

emergence during the week spent in the rearing cage. 

 After adult flies were removed from the rearing cages and transferred into the 

transport cages, the adult house fly diet, water, and larval rearing pans containing dairy-

collected larvae and pupae were placed back into the rearing cages to allow the 
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emergence of additional IR adult house flies. These rearing pans continued to produce 

adult house flies for up to 3 wk. 

 To further supplement numbers of adult flies, gravid dairy-collected females were 

used to produce an F1 generation of adults that were subsequently marked and released at 

the dairy. Parental adult house flies were collected in the field by sweep-netting, and 

transported back to the USDA fly-rearing laboratory, as described previously. 

Oviposition chambers were prepared for each rearing cage and consisted of 

approximately 400 ml of 1:1 (v:v) water:GHFD (Hogsette 1992) as described above, 

placed in a 473-ml clear plastic deli cup (Model #L2516, Newspring Packaging, Kearny, 

NJ). Oviposition chambers were placed inside each rearing cage for up to 3 d to provide 

oviposition sites for dairy-collected house flies. After 3 d, the moistened GHFD 

containing F1 “dairy-collected” house fly immatures was removed from each oviposition 

chamber and added to a fresh mixture of moistened house fly diet in a large 58 x 46 x 8 

cm rearing tray (Model #400-3N, Del-Tec Panel Controls, Greenville, SC) by spreading 

it evenly across the surface of the fresh diet. This facilitated movement of fly larvae into 

the fresh material, eliminating the need to separate larvae from spent material. The 

rearing trays were then placed inside a dark-colored close-woven cloth bag, which was 

twisted shut tightly and secured with a rubber band to prevent egress of adult house flies. 

These covered trays containing the F1 larvae were placed in the previously described 

rearing room, and were examined daily until pupation occurred. 

 After pupation occurred, the pupae were separated from the diet via flotation, then 

gently air-dried and separated from chaff in a forced-air chamber (Bailey 1970, Hogsette 

1992) for up to 2 h. Finally, the clean, laboratory-produced F1 house fly pupae were 
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permitted to emerge in a transport cage which already contained 1- to 6-d old IR adult 

house flies that had emerged from dairy-collected collected larvae. Because oviposition 

chambers were left in the rearing cages for up to 3 d, F1 adults emerged over a 3-d 

period. Because daily emergence data were not recorded, the percentages of flies for each 

daily age are unknown.  

 On the next scheduled field release day, cages containing all adult IR and F1 

house flies were transported to the release point. The age and sex of flies that were 

marked and released were not recorded. 

Transport of Adult Flies to the Field 

 During transport to the field, food and water were provided ad libidum as 

described previously. The transport cage containing adult flies was placed within a 41 x 

42 x 35 cm cardboard box (transport box) and covered with a loose-fitting lid. This box 

provided shade and was positioned in the center of the vehicle to further decrease 

sunlight impact upon the house flies. 

Marking, Releasing and Recapturing Adult House Flies 

 Upon arrival at the release site, the transport cage was removed from the box, and 

placed in a sheltered, well-ventilated, and shady location. The transport cage was stored 

in this protected location for 2-3 h while alsynite traps were placed in the field as 

described below and while additional adult house flies were collected by sweep net. After 

all alsynite traps had been placed, adult house flies collected by sweep netting were 

added to the transport cage and flies were marked with fluorescent dust in the following 

manner. 

 Corona-magenta (CM) and arc-yellow (AY) Day-Glo fluorescent dust (Day-Glo 

Color Corp., Cleveland, OH) were applied on alternating weeks to the caged flies using 
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metal plunger dusters (Hudson Manufacturing Co., Chicago, IL) to gently pump dust 

through the screen. Prior to dusting, the cage was placed inside a large 170-L plastic bag 

to simultaneously enhance the application of dust to the flies and reduce the deposition of 

dust into the dairy environment. No attempt was made to quantify the amount of dust 

applied, or to calculate the amount of dust per fly. Dust was applied until it was visually 

apparent that all flies in the cage were well-coated. After the dust was applied, the plastic 

bag was tightly closed by twisting and knotting the top. The bagged cage was gently 

shaken for 5-10 sec to disperse the dust onto caged house flies. The bagged cage was then 

set aside in the shade for up to 2 min to permit the dust to settle inside. 

 After the dust settled for 2 min, the large bag containing the dusted cage with 

marked flies was opened carefully, and downwind of all personnel and vehicles, to 

reduce excess transfer of dust to the environment, and to prevent airborne dust from 

drifting onto traps without said transfer being performed by active fly transport. The lid 

of the cage was lifted slowly and completely to permit egress of dusted adult house flies. 

Flies that remained in the cage after 1 min were removed by forcibly tapping the cage 

while holding it upside-down directly above the plastic bag. This action resulted in a 

secondary dusting for these flies, as they landed in a pile of dust inside the plastic bag. 

This pile of dusted flies and excess dust was left undisturbed until all flies had groomed 

adequately to permit them to disperse out of the bag and into the dairy environment. 

Dispersal of all flies away from the dust pile was completed within 30 min. 

 Commercially-available alsynite traps (Olson Products Inc., Medina, OH) (Fig. 2-

1) were placed at approximately 0.5-km intervals between the dairy release point and the 

adjacent town. Traps consisted of 66 x 33 cm corrugated alsynite panels that were formed 
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into a 30-cm diameter cylinder. Traps were secured into their cylindrical form with a 2.5-

5.0 cm overlap by insertion of 2-pronged metal fasteners into holes drilled along the edge 

of the panels. Traps were inserted into pre-cut slits in either 2 x 2 x 50 cm wooden stakes 

(short stakes, provided with trap) or hand-crafted 3 x 3 x 90 cm wooden stakes (long 

stakes). Regardless of size, stakes were inserted into the soil until the base of the trap was 

approximately 30 cm above ground, to provide a total trap plus stake height of 

approximately 65 cm. Sticky Sleeves® (Olson Products Inc., Medina, OH), clear plastic 

sheets coated with an adhesive and protected with a waxy white peelable paper backing, 

were wrapped around the exterior cylindrical portion of the traps, and secured with 2-4 

large paper clips. The waxy paper backing was then removed, and the sticky surface was 

exposed. Sleeves were labeled with trap number and date of placement on the non-sticky 

surface of the clear sheet using a permanent-ink black marker prior to wrapping them 

around the alsynite cylinders. 

 Some traps were placed along the edge of main roads between the dairy and town. 

Traps were positioned so that some traps could be used to determine corridor and habitat-

edge movement (Anderson and Danielson 1997, Fried et al. 2005) by placement along 

well-travelled roads. Other traps were placed in patchy habitats away from roads. On the 

dairies, traps were placed near barns, milking parlors, and calf hutches. In town, traps 

were placed close to dumpsters outside two restaurants (traps 12 and 15), two 

convenience food stores (traps 17 and 23) and the local post office (trap 16), representing 

a non-food site. Four traps (13, 14, 17, and 19) were moved due to difficult access or 

human-animal disturbance after wk 2 and renamed (21, 22, 23, 24) so that they were site-

specific. Geographical Information System (GIS) coordinates were recorded at each trap 
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location and used to generate a diagram of trap placement, and trap locations were 

mapped on an aerial image (Google Earth 2009) (Fig. 2-2). Direct distances to each trap 

from the release site were determined using the GIS data, and concentric arcs were used 

to roughly indicate 0.5 km direct distances. Trapping sites located between the 2.5- and 

3.5-km rings from the release site were within the town's border and traps at 3.5 km were 

at the far edge of town.  

 In all instances, attempts were made to ensure that the traps were located as 

closely to the 0.5-km concentric arcs as possible. In instances where such placement 

involved placing traps on non-public sites, permission was obtained by the respective 

homeowner or local business or public school. The purpose of placing traps in multiple 

environments allowed for both corridor movement and straight-line flight assessment and 

enhanced the probability of recapturing dairy-released, marked house flies. Although it 

would be interesting to make the distinction between dispersal due to fly direct flight 

versus fly transport on automobiles from the dairy into the town, the data being sought 

here were solely to determine if dispersal was occurring rather than to determine how the 

dispersal was occurring. 

 Sticky sleeves were collected weekly, and taken back to the laboratory for 

examination under a hand-held 100W long-wave UV light (Model # B-100AP, BLAK-

RAY, Upland, CA). Muscoid flies were identified to genus; house flies and stable flies 

were identified to species and the number of fluorescing house flies was recorded. 

 Dispersal studies were performed from 16 October 2008 to 4 December 2008 and 

from 14 May 2009 to 25 June 2009. In 2008, 20 traps were placed in the field weekly for 

5 wk, for a total of 5 replications. In 2009, 18 traps were placed in the field weekly for 6 
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weeks, for a total of 6 replications. Traps were placed in the field on Thursday mornings, 

and collected the following Thursday morning. House flies were marked and released 

within 1 h after placement of the last trap. Unless otherwise stated, traps were not visited 

during the 7 d. 

 Trap maintenance was conducted so that new sticky sleeves were placed on traps 

immediately after the removal of the 7-d exposed sticky sleeves. Collection of used sticky 

sleeves was accomplished by placing a protective waxy paper sleeve cover on top of the 

adhesive side of the sticky sleeve so that captured flies were protected between sleeve 

and cover. This was secured in place with one large paper clip on each end, attaching it to 

a cardboard sheet that was cut to the same dimensions as that of the sticky sleeves. 

 Precautions to minimize secondary transfer of fluorescent dust were taken. These 

included covering the sticky sleeves as described. Additionally, researchers involved in 

collection of traps used alcohol-based hand-wipes and/or 70% ethyl alcohol, to clean 

hands after processing each sticky sleeve. Both of these cleaning methods had proven 

successful in removing fluorescent dust from hands and surfaces in preliminary tests 

conducted prior to fieldwork. Finally, between field visits, the interior of the vehicle 

where traps were stored was wiped down with alcohol-based wipes. 

Effects of Fluorescent Dust on House Fly Adults 

 To evaluate the potentially deleterious impact of fluorescent dust upon dairy-

collected adult house flies, mortality was examined in the laboratory over 24 h under 

excessive dusting treatment conditions (Fig. 2-3), hypothesizing that mortality due to 

excessive dusting would occur within the first 24 h. Adult house flies were collected 

using the aforementioned sweep net at the release site, placed in a transport cage, 

provided with food and water ad libidum as described previously, and transported back to 
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the laboratory. In the laboratory, adult house flies were removed from the transport cage 

by anaesthetizing the flies with CO2, in a manner similar to that described previously to 

transfer flies from rearing to transport cages. The only difference in administration of 

CO2 was that the transport cage containing dairy-collected house flies was placed inside a 

transport box and lid prior to being enclosed inside the large plastic bag. Because only a 

few flies were needed to test mortality impacts of dust treatments, three groups of 

approximately 100 anaesthetized flies were removed from the cage by gently scraping a 

small index card (62.5 x 75 mm) along the floor of the cage to scoop up the immobile 

house flies. Each group was placed in a cardboard ice-cream cup (237 ml, Solo Cup Co., 

Urbana, IL) modified by removing the cardboard base and replacing it with window 

screen (940 x 813 microns (16 x 18 mesh); lids were placed upon the ice-cream cup 

before flies revived. 

 The experimental design consisted of three groups of 50 dairy-collected house 

flies. Two treatment groups were marked with fluorescent dust (application technique 

described below): one group with 0.1 g of corona-magenta dust, and the second group 

with 0.1 g of arc-yellow dust. The third group served as a control and was not dusted; 

however, the ice cream cup "cage" was shaken in the same manner as if dust had been 

added. 

 Dust was administered by placing the dust on top of the window screen, and 

gently pressing it through the window screen with a spoon. A second lid was placed over 

the screened base, and the cup plus the two lids were placed inside a self-locking plastic 

bag (0.95-L, Ziploc®, Racine, Wisconsin), and agitated for 5-10 sec. Dust was allowed to 

settle inside the cardboard cups for 5-15 min before opening the bags. Afterwards, the 
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cups were removed from the bags, and the second lid was removed to reveal the screen 

base. Each cup was placed in a plastic deli container with lid, and CO2 was gently 

administered without disturbing the dust to achieve knockdown. The flies were then 

placed on a sorting tray, where a low-level release of CO2 kept the flies from egressing, 

but permitted leg-twitching, while flies were counted into test chambers. 

 Rectangular pieces of window screen (25 x 20 cm) were folded to form 

rectangular test chambers (12.5 cm x 20.5 cm). Test chambers were stapled along two 

edges, leaving one short edge open. Ten marked house flies were counted into each test 

chamber, and a cotton-ball saturated with 5%-sucrose solution was placed inside to 

provide food and water to the flies and to prop the sides of the test chamber apart to 

permit fly movement within a 3-dimensional space. Test chambers were maintained in a 

laboratory at 33-35% RH, 26-28 °C. House fly mortality was assessed 24-h after dust 

treatment and flies that were ataxic were considered dead. 

Weather 

 Weather conditions that were observed during the time spent in the study area 

were recorded on the days that fieldwork was conducted. To obtain more complete 

weather data for the entire study period, weather conditions were obtained from Weather 

Underground (2009) at a field recording station located 29 km NE of Dairy A. 

Downloaded weather data included daily temperature, relative humidity, precipitation, 

barometric pressure, wind speed, and wind direction. Daily data were used to generate 

weekly mean values for each climatic factor for the 7-d test period. The 7-d period for 

each week began on Friday, and concluded on the following Thursday when traps were 

collected, so that weekly mean values were for the 6 d prior to and including the day of 

trap collection. 
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 In association with extreme weather conditions, such as approaching storm fronts, 

adult fly behavior anomalies were observed. These behavioral anomalies were recorded, 

particularly if they appeared to impact house fly dispersal. Additionally, any observations 

of unusual larval conditions, such as high mortality due to flooded larval breeding sites 

following heavy rains, were also recorded. 

Statistical Analysis 

 Mean, minimum and maximum dispersal distances were calculated using 

Microsoft Excel (Excel 2002). Released and recaptured fly data were subjected to PROC 

UNIVARIATE to examine normality and PROC MEANS to calculate means using SAS 

Version 9.1 (SAS 2002). Paired correlations between numbers of released and recaptured 

flies were analyzed using PROC CORR (Pearson's coefficient) (SAS 2002) for both years 

combined, for 2008, and for 2009. These data were then submitted to linear regression 

analysis with recaptured numbered of house flies regressed against released numbers of 

house flies using PROC REG (SAS 2002). These data were regressed for both years 

combined, and for each year individually. 

Results 

 The mean dispersal distance for marked flies each week was 0.22 km (range 0.00 

– 0.35 km) in 2008 and 0.62 km (range 0.03 1.12 km) in 2009 (Table 2-1). The maximum 

weekly dispersal distance ranged from 0.00-1.00 km in 2008 and from 0.10-3.00 km in 

2009. Two marked house flies were recovered in the nearby town in 2009 (traps 11 and 

15) (Table 2-2). The estimated number of flies that were marked and released each week 

ranged from 500-3,700 in 2008 and from 2,000-10,000 in 2009 (Table 2-3). No flies were 

marked and released on 7 November 2008 due to a lack of SN-collected flies. No flies 

were marked and released on 21 May 2009 due to severe thunderstorms and heavy rain 
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that prevented collection of house flies. Approximately 9,200 and 28,000 house flies 

were marked and released during the 5-wk 2008 test and the 6-wk 2009 test, respectively 

(Table 2-3). In 2008, 20 traps collected a total of 13,141 marked and unmarked house 

flies; of those, 106 were marked (Table 2-3). The 106 marked flies represented 1.15% of 

the 9,200 marked flies released during the 2008 test period (Table 2-3). In 2009, 18 traps 

collected a total of 48,435 marked and unmarked house flies; of those, 144 were marked 

(Table 2-3). The 144 marked flies represented 0.51% of the 28,000 marked flies released 

during the 2009 test period (Table 2-3). Weekly recapture percentages for marked flies 

ranged from 0.00 to 1.93% in the 2008 test period and from 0.12 to 0.81% during the 

2009 test period (Table 2-3). 

 Weekly numbers of marked flies that were released varied between 0 in weeks 4 

and 7 and 10,000 in week 11. The lowest recapture rate of 0.00% in 2008 followed three 

weeks of cold air temperatures that ranged from a weekly average of 7.4 °C to a weekly 

average of 12.3 °C. The preceding two capture weeks also had lower recapture rates as 

compared to the recapture following the first two releases. Notably, flies recaptured at the 

end of week 4 were part of a release of 500 flies in week 3, so that the 0.20% recapture 

rate of week 4 reflects flies that were in the environment in 2008 for 7-14 d (Table 2-3). 

The lowest recapture rate of 0.12% in 2009 was obtained at the end of week 7 when no 

marked flies were released. These marked flies that were captured on 28 May 2009 were 

actually part of a 6,000-fly release made at the beginning of the previous week (week 6) 

and had remained in the local environment for 7-14 d (Table 2-3). The highest weekly 

recapture rate of 1.93% was obtained in week 2, following release of 3,000 marked flies. 
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 When the cumulative recovery of marked flies over distance from the release site 

was calculated, 99.1% (105/106) of the marked flies that had been recaptured were 

collected from traps within 0.5 km (<0.5 mi) of the release site in 2008. In 2009, 88.9% 

(126/144) and 93.8% (128/144) of the marked flies that had been recaptured were 

collected from traps within 0.5 km (<0.5 mi) and 1.5 km (<1.0 mi) of the release site, 

respectively (Table 2-2). Total, daily mean and trap mean numbers of all captured house 

flies including recaptured marked house flies are reported for each trap in Table 2-4. 

Weekly mean weather parameters are shown in Table 2-4. There did not appear to 

be any relationship between house fly recapture rates and the weekly mean temperature, 

the weekly mean precipitation, or the weekly mean barometric pressure. Dust treatments 

did not appear to impact dispersal, as mortality following exposure to AY and CM dust 

was 4%, while 2% of control flies died over the 24-h evaluation period.  

 Production of adult house flies was increased by allowing dairy-collected adult 

house flies to oviposit in the house fly diet, resulting in production of approximately 

7,000 F1 adults in 2009. Of these, 4,000 were marked and released in wk 3 and 3,000 in 

wk 4, representing 40% and 50% of these releases, respectively. F1 progeny adults were 

similarly aged (within 3 d) house flies. No F1 progeny were produced in 2008. 

 The overall number of flies that were released was not correlated to the number of 

marked flies recaptured (r=0.72099, p=0.0123). When tested by year, there was still no 

correlation between release and recapture rates for either 2008 or 2009. Linear regression 

analysis results also indicated no correlation in 2008. However, a positive correlation 

existed in 2009 (df=1,4; F=9.28, P=0.0381). Multiple regression analysis for both years 

combined showed an overall positive correlation (df=1,9; F=9.74, P=0.0123). The linear 
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regression line for both years combined is: recaptured_flies = 0.402 + 

0.0066*released_flies. 

Discussion 

 Insects disperse for many reasons, including: to avoid overcrowding, to take 

advantage of extended resources available in nearby locations and, to avoid unfavorable 

conditions (Stein 1986). Dispersal of house flies and other insects of medical and 

veterinary importance needs to be more fully understood, because more than 50% of 

infectious diseases world-wide are transmitted by insects (Stein 1986). 

 Dispersal of house flies, and the impact of fly dispersal on transmission of human 

diseases such as epidemic diarrhea, has been scientifically observed for more than 100 

years (Kumar and Carmichael 1998). Although the earliest studies are more anecdotal 

than quantitative, they nevertheless provide useful clues that have been confirmed 

repeatedly using quantitative techniques in the intervening century, regarding house fly 

behavior and environmental impacts upon dispersal. For example, Nash (1913) concluded 

after his 1904-1909 studies that house flies tend to remain within 0.8 km of their breeding 

site in more urban areas, but will readily travel 1.6 km in more rural locations with fewer 

human habitations. The tendency of house flies to typically disperse within only 0.8-1.6 

km from a breeding or release site has been repeated consistently by multiple researchers 

working independently in different geographic locations, unique environmental 

conditions, and with different experimental designs (Quarterman et al. 1954, Lysyk and 

Axtell 1986, Schoof and Siverly 1954b, Nazni et al. 2005, Winpisinger et al. 2005). This 

is consistent with the current study, where the typical distance in 2008 was 0.5 km, and 

1.5 km in 2009. For both years combined, >95% of flies were captured on traps placed 

less than 1.5 km from the farm. 
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 House flies can disperse over long distances in a short period of time. Peppler 

(1944) collected house flies that travelled 5 km in 1.5 d. Bishopp and Laake (1921) 

observed that house flies travelled 8.3-10 km, and as far as 21.3 km in 24 h. Shura-Bura 

et al. (1956) reported dispersal of 3-4 km within one hour. Saccá (1964) reported house 

fly dispersal up to 8 km, while exceptional dispersal distances of >32 km and 33 km were 

reported by Schoof and Siverly (1954b) and Murvosh and Thaggard (1966), respectively. 

 One of the three objectives of this study was to determine if house flies could be 

dispersing from the dairy to the town, a 3-km straight-line flight. Because one marked fly 

was recovered from a trap in the town, this hypothesis was confirmed by the data. In 

general, this short distance is typical for house flies, whose flight range has repeatedly 

been reported to be within 1.6 km, despite the exceptional distances travelled by 

individual house flies (Schoof and Siverly 1954a,b). Dispersal studies with house flies to 

determine the flight range have always been difficult to conduct successfully, especially 

in urban settings (Murvosh and Thaggard 1966). Urban communities offer many 

substrates that are attractive to house flies, including garbage, decaying grass, coffee 

grounds, and excrement from mammals and birds (Schoof et al. 1954b). Schoof and 

Siverly (1954b) estimated that an individual house fly may travel 9 km in its lifetime, due 

to meandering movements between sites. In my study, traps were placed near garbage 

dumpsters outside two restaurants and two convenience stores in town, but not near 

residential garbage cans. If residential garbage is attractive to dispersing house flies in the 

current study area, then the dispersal data reported in my study would be under-reported. 

 In my study, dispersal of house flies was observed up to a maximum direct-line 

distance of 3 km over a 7-d test period. However, because I collected traps only weekly, I 



 

104 

was unable to determine dispersal rate. It would be informative to repeat this study with 

collection of sticky traps over shorter intervals, such as daily or hourly, to obtain detailed 

information about the temporal dispersal rates of house flies from dairies into this north-

central Florida town. It would also be useful to track fly meandering movement between 

sites by placing self-marking traps (Hogsette 1983) with a unique color of dust at each 

site. By doing so, recaptured flies that possess more than one color of dust would clearly 

have been present at multiple sites between release and recapture. 

 Although house flies may disperse away from a breeding site, their dispersal may 

be more complicated than merely traveling from point A to point B. There is evidence to 

substantiate observations that flies disperse with "randomized, reciprocal type 

meanderings" (Williams 1973) that result in back and forth travel between the 

breeding/release site and some other site(s) of interest as distant as 17 km (Schoof and 

Siverly 1954b). This type of dispersal is of particular importance in areas where large 

animal-rearing facilities such as dairies with endemic pathogenic E. coli O157:H7 are 

located within close proximity to human populations because it could greatly increase the 

potential for pathogen transmission to humans. Because flies were only marked at the 

release site, I was unable to determine if captured house flies had been at an alternative 

attractant site other than the dairy release site. Future studies could examine the 

meandering behavior of house flies in this study area by release of differently colored 

marked flies at multiple locations within the study area. For example, the dusting of flies 

at several dairies and at the garbage dumpsters in town would allow observation of 

dispersal patterns within the entire study area. 
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 Dispersal of house flies may be complicated by behavioral tendencies of insects to 

use landscape features to facilitate movement along corridors or to follow habitat-edge 

environments (Anderson and Danielson 1997, Fried et al. 2005, Reisen 2010). 

Furthermore, distances travelled by dispersing house flies are typically measured as direct 

flights from point A to point B, with no regard to potential fly dispersal along corridors 

such as highways and/or vehicle-assisted movement (Nazni et al. 2005). If flies use 

highways as corridors for undirected dispersal movement, then distances travelled could 

actually be under-representative of the capability of flies that travel directly to new sites. 

Interestingly, Quarterman et al. (1954) report that house flies have a “living space” of up 

to 6 km diam over which they roam freely. Flies travel randomly throughout this space 

and aggregate at multiple feeding and breeding sites so the populations at multiple sites 

becomes one huge metapopulation. Quarterman et al. (1954) also observed that house 

flies disperse rapidly away from the release site, and that trap catches were highest on the 

first 3 d following releases. Similarly, Schoof and Siverly (1954b) demonstrated that 

house flies display random dispersal and directional reversals by using three secondary 

mark and release sites in addition to the primary release site. Their release of radio-

labeled flies from a primary site followed by dusting and release and recapture of these 

radio-labeled flies at three secondary sites indicated movement in all directions between 

the multiple sites.  

 Interestingly, my study indicates that house flies dispersed by both direct overland 

flight and by corridor movement. Direct flight is strongly implicated by the recapture of 

many flies at a neighboring dairy located 1.5 km to the west, with no direct road access 

connecting the two dairies. These two dairies were separated only by a common fence 
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line and patchy habitat that included tree wind breaks between their mostly open pastures 

that held cattle. Similar dispersal of house flies from one dairy to an adjacent dairy was 

also observed by Denholm et al. (1985) and Lysyk et al. (1986). 

 House fly movement along landscape corridors with barriers, such as tree lines, is 

also likely (Fried et al. 2005), and can occur by both vehicle-assistance and by direct 

flight. Vehicle-assistance is likely due to milk and feed trucks, and other service vehicles 

that visited both dairies on multiple occasions during the field study. Similarly, Saccá 

(1964), Nazni et al. (2005) and Sievart et al. (2006) reported passive transportation of 

flies between dairies by automobiles. House flies were frequently observed on the 

exterior of the research vehicle after departing the release site, for up to 5 min. To reduce 

the potential for providing vehicle-assisted transport to the flies, typical departure from 

the release site was followed by driving away from the town along roads for up to 15 min 

until no flies were observed on the vehicle. During this time, efforts were taken to rid the 

interior of the vehicle of any flies. Additionally, there was no travel in this study towards 

the town after releasing the marked flies. It is unknown what impact the milk and feed 

trucks, and other vehicles had on fly dispersal between the release site and the town. 

 Using only traps located 0.5 – 3.5 km, and excluding the four traps that were 

removed from the study after wk-2, the number and percentage of traps that were positive 

for recovery of a marked house fly were approximately equal for both roadside (5/8 traps, 

62.5%) and patchy-habitat (7/11 traps, 63.6%) traps. Although the number of positive 

traps was very similar, the roadside traps recovered higher numbers (n=39) of marked 

flies than patch-habitat traps (n=16). This suggests that flight by house flies along 

corridors (Fried et al. 2005, Reisen 2010), as reported for other insects, is more important 
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than flight through patchy-habitats in this region of north-central Florida. However, it 

also clearly indicates that both types of dispersal occurred, and that marked flies were 

disseminated throughout and active at multiple sites throughout the study area. Further 

dispersal by recaptured individuals might have occurred had they not been prevented 

from continued travel by the adhesive sticky sleeve. 

 One marked house fly was recovered at a trap placed at Restaurant C, located at 

the maximum recapture distance (3.0 km) obtained in this study. Although Restaurant C 

was located in a tree-covered patchy habitat, it was also located close to the major road 

that ran east-west through town. Therefore, no conclusions can be made regarding the 

probable dispersal method or direction of approach used by the fly that was recovered at 

Restaurant C (trap 15). The fly could have arrived there by undirected flight, visiting 

multiple attractive sites along the way (Schoof and Siverly 1954b), by following 

corridors provided by roads (Johnson 1966), or by direct flight through-the-woods flight 

(MacLeod and Donnelly 1960). 

 Marked flies were recaptured every week except week 5 (Table 2-3), which 

followed several weeks of lower temperatures (7.2 to 9.5 °C) than surrounding weeks 

(Table 2-4). Dispersal in the study area occurred consistently with average weekly 

temperatures that ranged from 12.9 to 25.7 °C. This was not unexpected because the 

house fly flight temperature threshold is approximately 13 °C (Taylor 1963). Although 

the last three weeks in 2008 had weekly average temperatures above the house fly 

activity threshold, it is possible that the accumulation of low temperatures and shorter 

daylight hours inhibited dispersal behavior. This is reflected in the very low recapture 
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rates following week 3 and 5 releases. Because week 5 was 21 d in duration, the last three 

collections of the 2008 study period represented a 5-wk calendar period. 

 A further challenge of dispersal studies is the diffusion (dilution) of marked 

insects across a landscape as the distance from the release site increases (Schoof and 

Siverly 1954b, Stein 1986). The capture of one marked fly 3 km from the release site 

could be equivalent to capture of several house flies at the release site, because the 

density of traps present at more distant concentric distances was less over a greater 

geographic area per trap than traps located more closely to the release site. Schurrer et al. 

(2004) determined that captures of house flies diminished with increased distance from 

the release site. House flies are attracted to a wide variety of substrates, and every time a 

fly lands on an attractive substrate, the number of flies moving away from the release site 

is diminished (Murvosh and Thaggard 1966). Schoof and Siverly (1954b) estimated that 

approximately 50% of flies that land on an attractive site might subsequently progress 

towards an urban community that contains numerous attractants, so that the number of 

flies decreases by half at each visited site between the dairy and the town. 

 The fact that such a small number of flies were recovered in town is probably a 

result of the manner in which the numbers of marked flies spread out spatially, thereby 

diluting the likelihood of recapture as they moved further from the release site 

(Quarterman et al. 1954, Schurrer et al. 2004, Krafsur et al. 2005). An estimated total of 

37,200 marked flies were released during this study. The release of more marked flies, in 

theory, should increase the likelihood of capturing a marked fly on the far side of the 

town. Thimijan et al. (1972) increased their recapture rates from 0.17% (3 traps) to 0.51% 

(44 traps); however, their study was conducted in a closed barn so that an increased 
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number of traps would likely influence recapture rates in their study more than placement 

of additional traps in my 3 km outdoor study area. 

 If the marked flies in this study were dispersing from the release site in all 

directions as reported in previous studies (MacLeod and Donnelly 1960, Pickens et al. 

1967), then the numbers of flies moving towards the town after a release represents only 

a portion of the released flies. I placed traps and recaptured marked flies in only one 

eighth (SSW portion) of a full 360° circle, to study the dispersal of flies from the dairy 

into town. If the flies were dispersing equally in all directions (undirected), then 106 and 

144 recaptured flies in 2008 and 2009 respectively, would be equivalent to a recapture 

rate of 848 (9.2%) and 1,152 (4.1%) in all eight ordinal directions. Dispersal of the house 

flies in multiple directions was very likely in the current study area, because there are 

several nearby dairies and poultry farms surrounding the release dairy. If dispersal of flies 

was nondirectional, then attractive sites in town that are sufficiently attractive to interrupt 

flight might receive a disproportionate number of flies from the dairies (MacLeod and 

Donnelly 1960. 

 The effect of wind speed and direction upon house fly dispersal has been 

examined with varying results by previous researchers. Flies have been reported to be 

blown long distances. Bishopp and Laake (1921) cite wind-assisted dispersal of flies for 

distances ranging from 3.6 km (Hodge 1913) to a remarkable distance of 153 km (Ball 

1917). During this study, monthly prevailing wind directions were southerly overall for 

the entire study. In 2008, prevailing winds were initially SSE and changed to SSW. In 

2009, prevailing winds for June, July, August, and September were W, SW, SSW, and 

SE, respectively (Weather Underground 2009). Although in coastal areas of Florida, sea-
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breeze fronts can influence wind direction, central Florida is too far from coastal fronts to 

have any influence most of the time (Jones et al. 1991). The town was SW of the dairy 

release site, so for all months, fly dispersal was at least partially into the wind. In this 

situation, fly dispersal from the dairy into town would not passively rely on wind.  

 Evidence that flies actively travel into the wind or at right angles to the wind 

using olfactory and optomotor senses for direct flight, rather than being passively or 

actively transported by the wind was noted by Bishopp and Laake (1921) and Johnson 

(1966). Such movement would have resulted in flies dispersing towards the town. 

The discrepancy between directed and undirected dispersal concepts suggests that a 

better-designed study on the potential of fly pathogen transmission into communities is 

needed to implement improved fly control programs at animal-rearing facilities. The 

scope of such a study would need to include all house fly-producing facilities within 6 

km. However, each of those facilities also would share a fly population with additional 

sites located within another 6 km distance, making such a study impractical and perhaps 

impossible. 

 Fly density could have been a dispersal factor in my study, because increased 

population density leads to increased displacement (Stein 1986), and by laboratory-

rearing of dairy-collected progeny followed by release of those flies at the dairy, the 

density of the house fly population may have been artificially increased. However, adult 

fly density on the dairy was not estimated, so the effect of population density upon 

recapture rates cannot be determined in the current study. When recaptured numbers of 

flies were regressed against the number of released flies, there was a linear relationship 

for both years combined, and for 2009. However, there was no relationship in 2008. This 
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implies that the numbers of flies that were released, including the laboratory-reared flies, 

might have influenced the overall dispersal rates or patterns of the representative fly 

population in 2009, but not in 2008.  

 Capture of marked house flies 8- to 14-d after traps were placed demonstrates the 

ability of some marked flies to survive for longer than 7 d (Table 2-3), which confirms 

the findings of previous studies (Lindquist et al. 1951; Schoof and Siverly, 1954a,b; 

Pickens et al. 1967). Recapture of marked flies for up to 8-14 d after their release also 

provides information for how long any adult fly, whether marked or not, lives in the 

environment. This is probably highly variable and is not known with certainty. Survival 

of marked flies for more than 7 d also implies that flies might disperse from breeding and 

aggregation sites on different days during their lifetime. While placement of traps for a 7 

d period might be sufficient to capture most marked flies, it clearly is not long enough in 

all cases, as adult-marked flies have been recaptured 10 d (Schoof and Siverly 1954a) and 

20 d (Lindquist et al. 1951) after release, and pupal-emergent marked flies have been 

recaptured 18 d after release (Pickens et al. 1967). In the current study, survival of 

marked house flies for more than 7 d was only recorded during weeks 4 and 7, so most 

house fly dispersal likely occurred within 7 d after release. This is consistent with 7-d 

mean recovery rates of 84.7% and 95.5% in two field trials conducted by Pickens et al. 

(1967). Because most house flies seem to disperse within 7 d, it is likely that the principle 

potential health threat posed by house fly transmission of disease-causing pathogens 

might be heavily concentrated within this time period.  

 However, the ability for a few flies to survive for longer periods, combined with 

their continuous, random dispersal (Schoof 1959) from a release site to adjacent dairies 
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and into urban areas could result in successful pathogen transmission over an extended 

period of time, so that control of house fly populations should include measures that are 

effective for longer than 7 d. In my study, flies that had been in the environment for 

longer than 7 d were recaptured in wk 4 (7 November 2008) and wk 7 (21 May 2009). 

Therefore, survival in the environment past 7 d does not appear to be limited by season 

(Table 2-1). Daily replacement of trap sleeves over a 2-wk period would provide more 

thorough information for daily dispersal rates and total recapture percentages. Increased 

trapping periods should be accompanied by incorporation of additional dust colors, so 

any flies that might survive 15 d or more could be observed. 

 Flies should be caught, marked and released early enough in the day to promote 

fly activity, including dispersal. Pickens et al. (1967) observed that marked house flies 

tended to rest for 15-30 min on buildings, fence posts and trees near the release site 

before dispersing. If releases are done too late in the day, then flies may not groom 

adequately or disperse due to decreased metabolism and avoidance of nighttime flight. 

Flies in this study were released at approximately 3:00 p.m. 

  The weekly number of marked and released house flies ranged from 0 (no release 

due to low fly numbers or weather conditions) to 10,000. The total number of flies 

marked and released in this study (37,200) was low in comparison to those of previous 

mark-release-recapture studies: e.g., 171,427 (Schoof and Siverly 1954b) and 160,000 

(Nazni et al. 2005). However, my weekly release levels were similar to Quarterman et al. 

(1954) who marked and released 13,500 flies, and Thimijan et al. (1972) who marked and 

released 5 groups of 2,500-5000 flies. However, the test area used by Thimijan et al. 

(1972) was a closed barn (17 x 10 x 3 m) that restricted fly dispersal. This study's 0.50% 
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marked house fly recapture rates are higher than the filth fly recapture rates of 0.014-

0.029% (mean 0.022%) obtained by Tsuda et al. (2009). 

 When examining the Yates et al. (1952) data following exclusion of their highest-

capture trap which was placed adjacent to the release site, it is interesting to note that I 

obtained higher per trap recapture rates with placement of traps in only one ordinal 

direction (SW) away from the release site. Yates et al. (1952) placed their traps in eight 

ordinal directions. One can speculate from the relatively high mean recapture rates per 

trap during my week of highest release (wk 9) that house flies dispersed directionally 

towards the town. The presence of SSW prevailing winds during wk 9 further strengthens 

this hypothesis, because flies that dispersed towards town during wk 9 dispersed into the 

wind. This in turn implies that the role of house flies in potential pathogen transmission 

from dairies into urban communities might be more important than currently recognized. 

Overall prevailing winds during the entire study were southerly, so that dispersal of 

recaptured flies was probably not wind-assisted, but attractant-seeking or odor-driven 

instead. Identification by dispersing flies of attractive sites in urban communities is likely 

a factor in house fly dispersal into these areas. 

 Dispersal distances and recapture rates might be influenced by the type of flies 

used, i.e., field-collected or laboratory-reared, as mentioned briefly above. Previous 

studies have indicated that use of field-collected flies is more representative of dispersal 

under natural conditions than flies that are reared for multiple-generations in the 

laboratory. Eddy et al. (1962) recaptured a 10-fold higher percentage of field-collected 

flies than laboratory-reared flies, implying that laboratory colonies may lose the ability to 

disperse. Although laboratory-reared flies might lose the ability to disperse, their 
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introduction in large numbers might increase the population of adult flies, causing 

increased dispersal of flies from the dairy, either of the natural population or of the newly 

introduced flies. It would be interesting to study the effect of large releases of flies upon 

existing house fly populations, to determine if natural dispersal rates match dispersal 

rates of recaptured marked flies. 

 There were weather conditions that made collection of adult flies very easy, such 

as on days that storms were approaching when adult flies were very active in the air and 

remained hovering in the air in large numbers, even without human disturbance. This 

corresponds with previously reported accounts that fly activity greatly increases under 

falling barometric pressure conditions associated with storm fronts (Wellington 1945, 

Holzapfel and Harrell 1968). Although there were no appreciable changes in overall 

barometric pressure (BP) during the entire study period, it is possible that changes in the 

barometric pressure in the hours preceding release of marked flies might have influenced 

house fly dispersal in this study. Barometric pressure decreases in an undulating fashion 

and can only be observed with a column of mercury (Wellington 1945); thus, a net 

change in barometric pressure might be slight, yet still influence fly behavior. However, 

hourly weather data were not available, so that examination of the effect of weather for 

periods of less than 24 h was not possible. 

 On 21 May 2009, the study area was experiencing its fifth consecutive day of 

steady, heavy rain that resulted in extensive flooding. Adult fly activity was negligible on 

this date. On 4 June 2009, fly behavior at both dairies consisted of hovering in large 

clouds approximately 2-3 m above the ground instead of the usual feeding and resting 

behavior. The daily average weather data obtained from the nearest weather station does 
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not support these field observations. This is very likely due to the fact that the weather 

station was located approximately 29 km inland. Proper determination of weather 

influences upon house fly behavior should be tracked locally in future studies, as distant 

weather stations do not provide data that always accurately responds to local 

microclimates. 

 In Florida, adult house flies are primarily active mid-day during spring and fall 

when maximum temperatures are cooler (Hogsette, personal communication). They adopt 

a diurnal activity behavior with increased summer temperatures, so that they become 

inactive during the hottest part of the day, and have two activity peaks: the first peak 

occurs in the morning and the second peak before dusk. During the 2009 portion of this 

study period, the daily temperatures steadily increased necessitating an earlier sweep-net 

collection before the temperatures became hot enough to inhibit fly activity. Because the 

hot weather decreased adult house fly activity, another obstacle for sweep netting 

collection was created by flies congregating near the feed troughs that lined the edges of 

the barn. As the temperature became progressively hotter, the cattle spent increasingly 

longer periods in the shaded protection of the barn that also was equipped with large 

ceiling fans and mist sprayers that cooled the animals. When cattle were present in the 

barn, they had ad libitum access to the feed troughs, and therefore frequently had their 

heads in the grain where flies were located, making sweep netting difficult. Because 

cattle are easily frightened by sudden movements, in the interests of cattle safety, flies 

were not sweep netted at the feed troughs when cattle were present.  

 The collection and rearing of immature flies and F1 rearing of adult flies greatly 

increased the number of house flies available for mark and release. In particular, 
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laboratory-rearing enabled the release of more uniform numbers of flies even when field 

populations were at relatively low levels. Release of mass numbers of laboratory-

produced F1 dairy-collected adult flies could have changed dispersal behaviors for a 

couple of reasons. Increased larval density in the laboratory could produce smaller adults 

(Haupt and Busvine 1968), increase developmental time (Black and Krafsur 1986), or 

decrease adult emergence. These factors could delay adult emergence of earlier instars so 

that multiple age-groups of flies entered the adult population simultaneously. Previous 

authors have noted that overcrowding led to decreased food consumption resulting in 

smaller adult sizes (Haupt and Busvine 1968) with increased activity, and increased 

dispersal tendencies (Johnson 1969, Stein 1986). Smaller adult size may influence sexual 

maturity as well, so that small individuals might not be sexually mature. Because sexual 

maturation of the ovaries inhibits or decreases the dispersal tendencies of the adult female 

fly (Johnson 1969, Stein 1986), it is possible that small stature could prolong the 

dispersal period past the typical 3 d previously reported for the house fly. Similar 

observations of reduced size and increased activity were previously described by Taylor 

and Sokal (1976), who also stated that larval overcrowding increases the tendency of 

adults to disperse.  

 Initial efforts to maximize production of adult house flies from dairy substrates 

containing immature fly stages of all ages were very time-consuming and inefficient, 

because of the emergence of adults in small numbers over a 1-3 wk time period. 

Allowing dairy-collected adult house flies to oviposit in the house fly diet increased the 

production of same-age house flies that could be mass-reared using well-established 

standard USDA house fly rearing procedures (Hogsette 1992).  
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 Provided that laboratory-rearing did not alter oviposition behavior or larval 

mortality, the F1 generation produced by dairy-collected adult flies should accurately 

represent the real fly population's relative mixture of sexes. However, age might not be 

accurately represented because natural populations have uneven distribution of different 

larval stages in the spilled grains at the dairy (Johnson 1966), whereas oviposition of 

dairy-collected females generated a same-age population that was 1-3 d post-eclosion. 

During the rearing process, larvae were observed clumping together in groups comprised 

largely of same-age instars. This behavior could indicate different nutritional or 

environmental needs or changing feeding capabilities of each life stage. However, this 

observed behavior in the laboratory might be changed from their behavior in the field, 

because they were reared under a different light:dark regime and were fed a different diet. 

One example of changing environmental needs for developing house fly larvae is seen 

when third instars migrate before pupating. While feeding larvae are active throughout 

relatively moist grain, aggregates of pupae are found in drier sections of the grain. Dairy-

collected house flies were observed to pupate just under the crust of spilled grains at the 

dairy. In the USDA laboratory-rearing facility, IR and F1 larvae mostly migrated 

completely out of the tray, and pupated in the folds of the cotton pillowcase used to cover 

the trays. Many larvae were also clumped together in the corners of the rearing trays.  

 My dispersal study also may have been influenced by the age of released flies. 

Johnson (1966, 1969) observed that younger flies disperse more readily than older flies. 

Because laboratory-reared progeny of dairy-collected flies were young flies aged 1-6 d, 

their dispersal activity might be higher than that of the typical dairy farm flies in the 

study area. In apparent contrast to Johnson (1966), Taylor and Sokal (1976) observed that 
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older flies (3-6 d) dispersed readily while younger flies (1-3 d) did not disperse. 

However, Johnson (1966) noted that muscid flies disperse inter-reproductively, i.e., after 

ovaries have matured, as well as pre-reproductively, and that females are more likely to 

disperse before egg development occurs, while gravid females are more likely to cease 

flight, and to land on suitable oviposition sites. Similarly, Sasaki et al. (2000) observed 

that female flies aged 6-8 d were more dispersive than 6-8 d old males. On a different 

note, Johnson (1966) states that populations, rather than dispersing, tend to mix within 

wide areas. Evidence of this is seen in the current study, because marked flies were 

recaptured at neighboring farms. 

 On the one hand, the laboratory rearing methods used in this study may have 

produced well-fed adults, as the nutrition level could have been greater in the GHFD 

media than in the dairy’s spilled grains. This might have resulted in "fatter" or healthier 

flies that may not have been inclined to disperse. Larval weights were not measured, so it 

cannot be determined which situation might have prevailed for either laboratory-reared or 

dairy-collected flies. Furthermore, it is possible that conditions changed from week to 

week in the laboratory-reared flies, because the density of fly larvae in the GHFD was not 

measured. Eddy (1962) observed that laboratory-reared flies do not disperse as readily as 

field-collected flies. However, Pickens et al. (1967) did not observe any difference in 

dispersal rates or patterns between field-collected and laboratory-reared flies. 

 Conversely, larval crowding may have occurred in the trays, so that the house fly 

larvae were underfed and subsequently produced undersized adult flies (Black and 

Krafsur 1986). Although I did not record fly weights or sizes for any fly stages used in 

this study, I did observe larval overcrowding during production of F1 field-collected 
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progeny for release on 4 June 2009. During week 2, the F1 progeny exhausted the GHFD 

media, and half of each tray's larvae and exhausted media were transferred into clean 

trays containing fresh GHFD. Exhausted media containing flies was spread on top of 

fresh GHFD. The flies moved into the new media. The adult flies resulting from this 

production took longer to develop (19 d) than the USDA colony flies (14 d), appeared 

smaller, and were noticeably more active than same-age laboratory colony flies (personal 

observation), which were maintained in an adjacent USDA rearing cage. Therefore, the 

laboratory-rearing methods used in this study probably served, in at least one release 

week, to increase the dispersal behavior of the IR and F1 flies. This could have occurred 

if population pressure was placed on the house fly populations upon release due to mass-

introduction of thousands of flies. It might also have occurred because the individual flies 

were more inclined to disperse due to effects of larval overcrowding (Taylor and Sokal 

1976, Black and Krafsur 1986). Increased dispersal rates due to these factors may have 

contributed to the high 0.81% (81/10,000) recapture rate of flies that had been released on 

4 June 2009, when 40% of the released flies were F1 laboratory-reared progeny. 

Conversely, transport of laboratory-reared progeny to the field in cages containing mixed 

sexes of flies aged 1-6 d with food and water provided ad libitum may have decreased 

dispersal tendencies, as many flies may have mated and obtained protein meals needed 

for egg development. 

 Environmental conditions such as temperature, precipitation, barometric pressure, 

wind speed and wind direction were evaluated individually to determine their impact on 

the dispersal of marked house flies. There may be a relationship between the number of 

flies that were marked and released and the recapture rate, although these data were not 
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statistically analyzed in this study. There does not appear to be a relationship between 

precipitation and recapture rates. These results agree with those of previous researchers 

who also did not find a correlation between weather and house fly behavior (Eddy 1962, 

Lysyk 1993). 

 Under natural conditions, there are many age groups of adult house flies at 

breeding and aggregation sites. It is unlikely that all adult flies disperse from these sites, 

and dispersal may be dependent upon house fly sex and age. The female to male ratio of 

adult flies collected in sweep nets may have influenced the dispersal rates and patterns, 

and female and male adults may rest in different preferential sites during the day 

(Avancini and Silveira 2000); therefore, sweep netting in mid-day over feed troughs may 

have resulted in predominant collection of females. 

 Events occurred on the dairy that influenced fly populations sizes, larval 

development, and behavior. Mechanical fly control efforts included sanitation and habitat 

elimination, such as the removal of spilled grains, drainage of manure lagoons, and 

application of manure slurry to crop-fields. Chemical control efforts included frequent 

application of permethrin to the backs of cattle, intermittent application of imidacloprid-

containing fly baits and intermittent application of permethrin around the exterior of the 

barns and milking parlors. The dairy also utilized pyrethroid-impregnated ear tags on the 

animals. However, ear tags are unlikely to have decreased house fly abundance on the 

dairy due to fly biology and behavior. 

 Several interesting results were observed in this study: 1) house flies dispersed 3 

km from a dairy to a restaurant in a nearby town; 2) recapture rates (1.15% in 2008 and 

0.50% in 2009) were comparatively high in this study; 3) recapture occurred at sites 
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located within patchy habitats, implying direct flight over obstacles or wind-assisted 

dispersal; 4) recapture occurred at sites along major roads that provide corridor 

movement, implying possible landmark orientation or vehicle-assisted transport; 5) most 

marked flies were recaptured within 7 d; and, 6) recapture of one fly (0.2%) in week 4 

and seven flies (0.12%) in week 7, despite zero-releases the previous week, document fly 

survival and dust retention for between 8 and 14 d. 

 The numbers of house flies recaptured in this study are probably under-reported 

because house flies disperse in all directions (Pickens et al. 1967). The potential for house 

fly transmission of pathogens from dairies into town is clearly demonstrated by recapture 

of at least one fly at a restaurant in town. Because dairy cattle are the primary reservoir 

for enteric pathogens such as E. coli O157:H7 (Dunn et al. 2004b, Nmorsi et al. 2007), 

and this pathogen can remain viable on house fly exteriors (De Jesus et al. 2004) and in 

house fly guts for up to 4 d (Kobayashi et al. 1999, Sasaki et al. 2000), the potential for 

disease occurrence is tremendously increased when house flies successfully disperse into 

communities from dairies. In that dairies provide both the source and dispersal 

mechanism for pathogen transmission, this study shows the importance of pathogen and 

house fly management that dairy operators should consider. This also documents the need 

for additional efforts to educate and encourage producer utilization of available control 

methods to decrease house fly populations. 
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Figure 2-1. Alsynite trap (Olson Products Inc., Medina, OH) placed at dairies and used to 

recapture on-dairy and dispersing house flies. 
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Figure 2-2. Alsynite trap (Olson Products Inc., Medina, OH) locations and distance (km) from 

release point. Trap 1 is located at the release point. Traps that are located within less 
than 0.25 km of a concentric circle are considered to be located at that radial distance. 
Trap distances are as follows: Traps 3, 4 and 5: 0.5 km; 6 and 20: 1.0 km; 7, 8, 24, 
and 25: 1.5 km; 9 and 21: 1.75 km; 10, 18 and 22: 2.0 km; 11, 17 and 23: 2.5 km; 13, 
15 and 16: 3.0 km; 12 and 14: 3.5 km. Traps are placed at approximately 0.5 km 
intervals radiating out from the release site at the dairy, to the town which is located 
W-SW of the dairy. Slight displacements necessary to accommodate roads, private 
property, and other obstacles. Traps placed along major corridors such as roads, in 
edge habitats between open fields, and along shrub/tree lines.  
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 A 

.  B 
 

 C 
 
Figure 2-3. Examples of dairy-collected-collected house flies following excessive treatment with 

two dusts to determine 24 h mortality effects. A) flies dusted with corona-magenta 
dust, B) flies dusted with arc-yellow dust, and C) flies not dusted (control).
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Table 2-1. Mean and maximum distances flown per week and year by marked house flies 
released at a dairy in north central Florida. 

 Distance (km) 
Weeka Mean Maximum 

1 0.01 0.10 
2 0.29 1.00 
3 0.35 0.50 
4b 0.00 0.00 
5c NA NA 

2008 Total 0.22 1.00 
6 0.39 1.50 
7 0.73 2.50 
8 1.12 1.75 
9 0.73 3.00 
10 0.10 0.10 
11 0.64 1.50 

2009 Total 0.62 3.00 
 
a Flies were collected during two study periods: wk 1-5 (23 October 2008 to 4 December 2008) 
and wk 6-11 (21 May 2009 to 25 June 2009). 
b Wk 4, marked flies recaptured only at release site.  
c Wk 5, no marked flies recaptured (NA, not applicable). 
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Table 2-2. Trap distances (km) from the release site, the total numbers of marked house flies captured per alsynite sticky trap, and the 
cumulative percentage of marked flies captured across all study weeks from the dairy release site to the more distant traps 
placed in a rural north central Florida landscapea. 

  2008  2009 
  Test (wk)   Test (wk)   
Distance 
from 
Release 
Site (km) 

Trap 
No. b 

 
 
 
1 

 
 
 
2 

 
 
 
3 

 
 
 
4 

 
 
 
5 

 
Σ 

Marked 
Flies 

 
Cum.  

%  
Fliescb 

 
 
 
6 

 
 
 
7 

 
 
 
8 

 
 
 
9 

 
 
 

10 

 
 
 

11 

 
Σ 

Marked 
Flies 

 
Cum. 

% 
Fliesb 

0 1 17 1 0 1 0 19 17.9 11 1 0 52 6 1 71 51.1 
0.1 2 27 56 2 0 0 85 98.1 0 4 1 11 3 2 21 63.8 
0.5 3 0 0 0 0 0 0 - 25 0 0 9 0 0 34 88.9 
 4 0 0 1 0 0 1 99.1 0 0 0 1 0 0 1 - 
 5 0 0 0 0 0 0 - 0 0 0 0 0 1 1 - 
1.0 6 0 0 0 0 0 0 - 0 0 0 0 0 1 1 92.8 
 7 0 0 0 0 0 0 - 0 0 0 0 0 0 0 - 
 20 0 1 0 0 0 1 100.0 0 0 0 0 0 0d 0 - 
1.5 8 0 0 0 0 0 0 - 0 0 0 1 0 0 1 93.8 
 24 NAd NA 0 0 0 0 - 1 0 0 1 0 1 3 - 
 25 NA NA NA NA NA NA - 1 1 1 0 0 0 3 - 
1.75 9 0 0 0 0 0 0 - 0 0 0 0 0 0 0 97.2 
 21 NA NA 0 0 0 0 - 0 0 1 4 0 0 5 - 
2.0 10 0 0 0 0 0 0 - 0 0 0 1 0 0 1 97.9 
 18 0 0 0 0 0 0 - NA NA NA NA NA NA NA - 
 19 0 0 NA NA NA 0 - NA NA NA NA NA NA NA - 
 22 NA NA 0 0 0 0 - 0 0 0f 0 0 0 0 - 
2.5 11 0 0 0 0 0 0 - 0 1 0 0 0 0 1 100.0 
 17 0 0 NA NA NA 0 - NA NA NA NA NA NA NA - 
 23 NA NA 0 0 0 0 - 0 0 0 0 0 0 0 - 
3.0 13 0 0 NA NA NA NA - NA NA NA NA NA NA NA - 
 15 0 0 0 0 0 0 - 0 0 0f 1 0 0 1 - 
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  2008  2009 
  Test (wk)   Test (wk)   
Distance 
from 
Release 
Site (km) 

Trap 
No. b 

 
 
 
1 

 
 
 
2 

 
 
 
3 

 
 
 
4 

 
 
 
5 

 
Σ 

Marked 
Flies 

 
Cum.  

%  
Fliescb 

 
 
 
6 

 
 
 
7 

 
 
 
8 

 
 
 
9 

 
 
 

10 

 
 
 

11 

 
Σ 

Marked 
Flies 

 
Cum. 

% 
Fliesb 

 16 0 0 0 0 0 0 - NA NA NA NA NA NA NA - 
3.5 12 0 0 0 0 0 0 - 0 0 0 0 0 0 0 100.0 
 14 0 0 NA NA NA NA - NA NA NA NA NA NA NA - 
Total  44 58 3 1 0 106 100.0 38 7 3 81 9 6 144 100.0 
 
a Flies were collected during two periods: wk 1-5 (23 October 2008 to 4 December 2008) and wk 6-11 (21 May 2009 to 25 June 2009). 
b Some traps were placed along main roads (3, 6, 7, 9, 10, 11, 22), while others were located in patchy habitats (4, 5, 8, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 23, 24, 25). Traps 1 and 2 were located outside opposing ends of release farms feed barn.  
c Cumulative percentage of marked flies captured from the release site to more distant traps. Traps (11-17, 23) located at ≥ 2.5 km 
were located within the town. Traps not in town were considered rural. 
d Trap 20 was missing. 
e NA, not applicable. Traps not used for collection were eliminated from any analysis. 
f Traps fell onto their sides on the ground. 
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Table 2-3. Weekly recapture rate of marked house flies on alsynite sticky traps, as a percentage of the number dusted and released the 
previous week at a dairy in north central Florida. 

 
Test (wk)a 

Release 
Date 

No. Dusted 
& Released 

 
%SN:IR:F1 b 

Dusted 
Colorc 

Collection 
Date 

 
Duration (d) 

No. Marked 
Flies 

Collected 

Recaptu
red 

Color 

 
% 

Recapturee          
1 10/16/08 3,700 100:0:0 AY 10/23/08 7 44 AY 0.08 
2 10/23/08 3,000 100:0:0 CM 10/30/08 7 58 CM 1.93 
3 11/01/08 500 100:0:0 AY 11/07/08 6 3 AY 0.60 
4 11/07/08 0 NA NAd 11/13/08 6f 1 AY 0.20 
5 11/13/08 2,000 100:0:0 CM 12/04/08 21 0 CM 0.00 
2008 Total  9,200 100:0:0 NA NA  106 NA 1.15 
6 05/14/09 6,000 100:0:0 AY 05/21/09 7 38 AY 0.63 
7 05/21/09 0 NA NA 05/28/09 7f 7 AY 0.12 
8 05/28/09 2,000 50:50:0 CM 06/04/09 7 3 CM 0.15 
9 06/04/09 10,000 60:0:40 AY 06/11/09 7 81 AY 0.81 
10 06/11/09 6,000 50:0:50 CM 06/18/09 7 9 CM 0.15 
11 06/18/09 4,000 100:0:0 AY 06/25/09 7 6 AY 0.15 
2009 Total  28,000 71:4:25 NA NA  144 NA 0.51 
 
NA, not applicable. 
a Flies were collected as follows: wk 1-5 (23 October 2008 to 4 December 2008) and wk 6-11 (21 May 2009 to 25 June 2009). 
b Estimated percentages of flies marked with fluorescent dust and released by each of three methods described in the text. SN, adult 
flies were sweep net captured, marked and released same day; IR, Immature flies were dairy-captured and laboratory-reared, then 
marked and released after adult emergence; F1, progeny were laboratory-reared from ovipositing dairy-collected adults, then marked 
and released after adult emergence.  
c Dust color: AY = arc-yellow; CM = corona-magenta; NA = no dust applied. 
d Percent recapture = (No. marked house flies recaptured divided by the no. house flies dusted and released) * 100. 
e No flies were marked and released in week 4 or in week 7. 
f Flies collected in weeks 4 and 7 were recaptured from previous releases in weeks 3 and 6 respectively. These data were not used in 
any analysis.  
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Table 2-4. Total number of house flies and marked house flies captured on alsynite sticky traps following release at a dairy farm in 
north central Florida. Capture data are normalized to number of flies per trap per day to adjust for different collection 
period lengths. 

   Total House Flies Captureda  Marked House Flies Recaptured 
 
Wk 

 
Date Collected 

 
Durationb (d) 

 
Total 

Daily Meanc 
(flies/day) 

Trap Meand 

(flies/trap/day) 
  

Total 
Daily Meanc 

(flies/day) 
Trap Meand 

(flies/trap/day) 
1 10/23/2008 7 4,655 665 33  44 6.3 0.3 
2 10/30/2008 7 3,096 442 22  58 8.3 0.4 
3 11/7/2008 6 2,847 475 79  3 0.5 0.0 
4 11/13/2008 12 1,702 142 14  1 0.1 0.0 
5 12/4/2008 21 841 40 2  0 0.0 0.0 
2008 Total  13,141 353 30  106 3.0 0.2 
6 5/21/2009 7 15,946 2,278 127  38 5.4 0.3 
7 5/28/2009 14 12,632 902 100  7 0.5 0.0 
8 6/4/2009 7 3,101 443 25  3 0.4 0.0 
9 6/11/2009 7 9,697 1,385 77  81 11.6 0.6 
10 6/18/2009 7 2,867 410 23  9 1.3 0.1 
11 6/25/2009 7 4,192 599 33  6 0.9 0.0 
2009 Total  48,435 1,003 64  144 3.3 0.2 
Grand Total  61,576    250   
 
All weeks except weeks 3, 4 (6 d) and wk 5 (21 d) consisted of 7 d collection periods. Number of traps placed weekly: 2008, 20 traps; 
2009, 18 traps.  
a Total house flies captured includes first-time capture of unmarked house flies and recapture of marked and released house flies. 
b Flies collected in wk 4 and 7 were recaptured from previous releases in wk 3 and 6 respectively, indicating more than 7 d longevity 
in the field. These data were not used in any analysis. 
c Daily means (no. flies/d) for each test period were calculated by dividing total capture numbers by the duration (d) of that period. 
d Trap means (no. flies/trap/d) were calculated by dividing daily mean house fly capture numbers by the number of traps in use, i.e., 
wk 1-5, 20 traps; for wk 6-11, 18 traps. 
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Table 2-5. House fly release week and recapture rate and associated weekly weather data obtained from Weather Underground station 
approximately 30 km from the release site in north central Florida. 

  Temperature (°C) Precipitation Wind Speed 
(km/h) 

Wind Dir Barometric Pressure (hPA) 

Wk Recapture 
Rate (%) 

Max Min Mean Total (cm) Mean Max Prevailing Min Max Mean 

1 0.08 30.1 19.4 24.8 0.38 9.7 24 ENE 1006 1033 1019 
2 1.93 26.3 12.6 19.5 0.04 9.7 24 ENE 1006 1035 1020 
3 0.60 22.1 7.2 14.8 0.24 9.7 24 WSW 1007 1033 1020 
4 0.20 22.1 7.2 14.8 0.46 9.7 24 WSW 1013 1018 1020 
5 0.00 25.0 9.5 17.5 0.76 8.1 24 SSE 1001 1031 1016 
6 0.63 20.6 5.7 12.9 0.30 8.1 27 WSW 1013 1023 1018 
7 0.12 25.2 17.0 21.3 0.46 12.9 35 ENE 1009 1023 1016 
8 0.15 29.5 19.4 24.7 0.46 8.1 27 SSE 1009 1023 1016 
9 0.81 31.3 19.8 25.7 0.33 8.1 27 SSW 1011 1015 1016 

10 0.15 30.6 20.5 25.6 0.57 6.4 29 WSW 1011 1016 1013 
11 0.15 33.4 21.7 27.7 0.63 8.1 30 SSE 1005 1016 1013 

 
Wk 1-5 (23 October 2008 to 4 December 2008) and wk 6-11 (21 May 2009 to 25 June 2009). 
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CHAPTER 3 
ESCHERICHIA COLI O157:H7 PREVALENCE 

Introduction 

 Escherichia coli O157:H7 is a bacterial pathogen that causes dysentery and 

diarrheagenic diseases in humans, but is commensally present in its primary reservoir, 

cattle. Escherichia coli O157:H7 has been isolated from house flies, Musca domestica L., 

on dairies (Alam and Zurek 2004). Florida has a large number of dairies that are located 

in close proximity to human population centers, and the expansion of many urban areas 

has decreased the distance between dairies and towns. House flies typically disperse 

within 3.3 km (Parker 1916) to 5 km (Peppler 1944), although they move freely within 

urban areas for up to 6.7 km (Quarterman et al 1954). Additionally, house flies are 

capable of flying as far as 8 km from their breeding sites (Bishopp and Laake 1921). The 

ability of house flies to disperse within and between rural and urban areas indicates that 

house flies have tremendous potential to serve as vectors for transmitting E. coli 

O157:H7 from the dairies to the town centers, particularly to restaurants. The close 

proximity of dairies to towns might permit the pathogen to cause human disease by the 

fecal-oral route through involvement of the house fly. Although E. coli O157:H7 has 

been isolated from dumpsters outside restaurants in Gainesville, FL (Butler et al. 2010), 

no study has been done in Florida to determine the potential of pathogen transmission 

from dairies into towns by house flies. 

 Diarrheal diseases impart an enormous toll on human and agricultural animal 

(e.g., cattle) populations, with severe health and economic impacts. Hospital expenses for 

human patients with infectious diarrhea can be four times greater than those of other 

patients. Similarly, medication expenses can be four times higher and the length of 
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hospitalization can be three times longer (Suda et al. 2003). Economic impacts include 

lost income for family members who must miss work, as well as lost profits for 

employers (Buzby et al. 1996, Abe et al. 2002, Sapers and Doyle 2009).  

For cattle, increased operating expenses are incurred by dairy farms, feedlots and 

cattle rendering plants, sanitation efforts, including fly surveillance and management 

measures to comply with food-safety federal regulatory mandates (CDC 2009). Lawsuits 

can result in imposition of stiff fines upon many different food-related industries 

including producers, distributors, and restaurants. A recent example: in June, 2008, a 

lawsuit led to a $13.5 million settlement after a child in Milwaukee, Wisconsin died due 

to consumption of E. coli O157:H7-contaminated food (Powell 2008, Rohde, 2008). 

 Enteric bacteria such as E. coli O157:H7 can be transmitted by the house fly, M. 

domestica, and other flies (Greenberg 1971, Greenberg 1973). Cattle are a primary 

reservoir for E. coli O157:H7 (Heuvelink 2003), and dairy farms located near towns or 

residential areas may present a potential public health threat if pathogen persistence and 

high populations of filth flies co-occur and if flies were to disperse from the dairy. House 

flies typically disperse no further than 0.3-1.2 km (West 1951, Quarterman et al. 1954, 

1964, Stein 1986, Milio et al. 1988, Alam and Zurek 2004), although they can travel as 

far as 8 km (13 mi) from their breeding sites (Bishopp and Laake 1921). In a recent study 

at a dairy in north-central Florida, I determined that house flies dispersed up to 3 km into 

a nearby town (Chapter 3). These characteristics of house fly behavior increase the 

potential for the introduction of pathogens from cattle to humans, particularly from sites 

conducive to fly-breeding (e.g., dairies) (Kaufman et al. 2005b) to nearby human 

population centers. 
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 Isolation and identification of E. coli O157:H7 by standard microbiological 

methods is time-consuming and labor-intensive. Because infection with E. coli O157:H7 

is a nationally notifiable event in the United States (Mead and Griffin 1998), detection 

methods that are rapid, selective and sensitive are important (Ogden et al. 2001). 

Szalanski et al. (2004) developed a 6-h protocol for detection of E. coli O157:H7 from 

house flies by polymerase chain reaction (PCR) instead of standard microbiological 

techniques. Many researchers use PCR to definitively confirm presence of virulence 

factor genes after presumptively confirming species identification by means of multiple 

microbiological and biochemical tests (Buma et al. 1999, Cagney et al. 2004, Alam and 

Zurek 2004). Usage of PCR techniques following microbiological methods improves 

identification and characterization of E. coli O157:H7 because more than 100 E. coli 

serotypes produce Shiga-like toxins (Cebula et al. 1995). Presumptive identification of E. 

coli O157:H7 by microbiological methods can eliminate many serotypes prior to PCR 

analysis, and PCR can subsequently be used to confirm identification and to serotype 

additional characteristics of E. coli O157:H7. Use of PCR in place of further biochemical 

tests can save both time and money in the laboratory, while increasing isolation 

sensitivity. 

 The pathogenicity of enterohemorrhagic E. coli O157:H7 is dependent upon 

possession of several virulence factors that are encoded in the genome or in a large 

plasmid. PCR provides a more selective and sensitive method to identify E. coli O157:H7 

in samples (Visetsripong et al. 2007), and permits serotype differentiation (Beutin et al. 

2007), and enables a faster identification of E. coli O157:H7 than direct culture methods, 

which is especially important during outbreaks. Primer pairs can be used in uniplex or 
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combined in multiplex PCR to detect and amplify target gene fragments of specific 

virulence factor genes, such as the rfbEH7 and fliCO157 genes. 

 In this study the prevalence of E. coli O157:H7 in house fly, grain, and manure 

samples from two dairies and in house fly samples from two restaurant garbage 

dumpsters in a nearby town was determined by direct culture and confirmed by PCR 

detection of the rfbEH7 and fliCO157 genes. 

Materials and Methods 

 The overall study area was the same as that described previously (Chapter 2). 

House fly populations were monitored at the feed barns of two dairies, A and B, with 

Dairy B located 1.5 km east of Dairy A. Samples were collected for microbiological 

analysis from four sites: both dairies and two restaurants, C and D, located 3 km and 3.5 

km southeast of Dairy A, respectively. Collection sites were chosen following selection 

of a town in north-central Florida that met all of the following criteria: 1) one or more 

dairies located within 3 km of the town; 2) one or more restaurants in town with a 

dumpster located adjacent to the restaurant; and, 3) a nearby residential human 

population. This research model represents a reasonable set of naturally-existing 

conditions under which a potential for pathogen transmission from dairies to restaurants 

exists. These conditions allowed E. coli strains collected at dairies and restaurants to be 

compared. 

 Three laboratories in Gainesville, Florida, were used during this study. The Food 

and Environmental Toxicology (FET) Laboratory at the University of Florida was used to 

isolate and identify E. coli O157:H7 from grain, manure, and pooled house fly samples 

using direct culture methods. The Veterinary Entomology (VE) Laboratory at the 

University of Florida was used to store untested samples for future analysis by 
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polymerase chain reaction. The United States Department of Agriculture, Agricultural 

Research Service, Center for Medical, Agricultural and Veterinary Entomology (USDA-

ARS-CMAVE) laboratory was used to measure house fly population counts as described 

below. 

 House fly population trends were monitored weekly during selected intervals at 

both dairies from 7 June 2008 to 23 September 2008 using sweep nets (i.e., small 

"butterfly" nets), Scudder grids (Scudder 1947), a portable slatted wood frame placed on 

top of fly breeding areas, and fly spot cards (Lysyk and Axtell 1985), 7.5 x 12.5 cm index 

cards placed on walls on which flies excrete and regurgitate while resting (see Chapter 2 

for a full description). Use of multiple monitoring methods was performed with the 

intention of examining these data for possible trends between these three monitoring 

methods (Table 3-1) as well as for correlation between house fly populations and E. coli 

O157:H7 prevalence. Nets, grids and cards were all used as close to fly aggregation and 

breeding areas as possible, and collection locations were the same every week unless 

noted differently. 

 "Snapshot" active monitoring of house fly populations by sweep nets and Scudder 

grids was discontinued after 23 September 2008 with the cessation of microbiological 

sampling, but weekly spot card sampling was continued until 4 December 2008. Because 

spot card data may represent activity of multiple species of flies, sticky cards, index cards 

(7.5 cm x 12.5 cm) covered with adhesive on one side so that flies become captured when 

they land (see Chapter 2 for a full description), were placed along barn walls at Dairy A 

from 30 October 2008 to 4 December 2008. Sticky cards permitted differentiation 

between fly species. Thus the sticky card and spot card data were examined for potential 
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trends or correlations of house fly populations on Dairy A, the release site in my dispersal 

study (Chapter 2). Alsynite traps were also placed at each dairy 1-2 m outside of the feed 

barns at each dairy from 16 September 2008 to 4 December 2008 as part of a house fly 

dispersal study (Chapter 2). Because some of the alsynite traps were in use at the feed 

barns when spot and sticky cards were in use, the alsynite traps provided an additional 

method of house fly population monitoring and allowed for examination of correlations 

between monitoring methods. House fly monitoring occurred again from 14 May 2009 to 

25 September 2009 using spot cards, sticky cards and alsynite traps at Dairy A, and spot 

cards and alsynite traps at Dairy B. 

 Sweep net monitoring of adult house flies was performed at both dairies by 

sweeping an insect net (45-cm diameter, Mod. No. 7112NA, Bioquip, Rancho 

Dominguez, CA) in one figure-eight pattern. Sweeps were performed so that the net was 

at a height of 0.5 m above adult aggregation areas in feed trough areas. Sweep nets were 

also performed above spilled grains that were below feed augers. Sweep nets were 

performed while walking towards the sun, to prevent disturbance of house flies due to 

casting a shadow over resting flies and at a fast walking pace. One to four net sweeps 

were performed at each dairy from 7 June 2008 to 23 September 2008. Mean sweep net 

counts for each dairy were calculated for each collection day by dividing the total number 

of flies captured by the number of sweeps performed. 

 Small Scudder grids (45 x 45 cm) (Scudder 1947, Murvosh and Thaggard 1966) 

(Fig. 3-1) consisted of 12 slats of rough unfinished wood (8 mm x 45 cm) laid parallel to 

each other and spaced evenly along  a 45 x 45 cm wood frame. This provided a series of 

alternating edges for flies to rest upon. Scudder grids were placed on the ground on top of 
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spilled grains under augers or on top of feed troughs 1-10 times at each dairy from 7 June 

2008 to 23 September 2008. Each Scudder grid was photographed after it was in place for 

a period of 5 sec, and the number of house flies on each grid was counted by examining 

digital photographs on a computer monitor at the USDA-ARS-CMAVE laboratory. 

Where photographs were not available, estimates were noted on the data sheet. 

 Ten spot cards were placed at each dairy inside a barn adjacent to the milking 

parlor (Dairy A, milk barn; Dairy B, south barn) on 5 August 2008. Because use of the 

milk barn at Dairy A discontinued in September 2008, spot cards were relocated to Dairy 

A's feed barn located approximately 0.25 km north of the milking parlor on 23 September 

2008. Use of spot cards was continued in Dairy A's milk barn until 30 October 2008 to 

track fly population changes after departure of the cattle. Spot card monitoring at each 

dairy using Dairy A's feed barn and Dairy B's south barn continued until 4 December 

2008, and was resumed from 14 May 2009 to 25 June 2009. Spot cards were placed 

horizontally at a height of 2-3 m and were flush against either support beams or rafters. In 

all barns, spot cards were placed at an approximate height of 2-3 m and in locations 

where they were not within reach of the cattle. Spot cards at Dairy B and at Dairy A's 

milk barn were inserted into metal frames nailed to the wooden support beams of these 

barns and held in place with one small binder clip placed at the top edge of the metal 

frames (Fig. 3-2), or by clipping them to large metal support beams with small and 

medium binder clips (Office Depot, Delray Beach, FL) (Fig. 3-3). 

 Sticky cards (7.5 cm x 12.5 cm) (Hogsette et al. 1993) were used from 30 October 

2008 to 4 December 2008, and again from 14 May 2009 to 25 June 2009. Fourteen sticky 

cards were placed at Dairy A's feed barn by clipping them with large paper clips to the 
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steel support beams immediately below the spot cards so a gap of approximately 1 cm 

existed between the spot and sticky cards (Fig. 3-3). 

 Three alsynite sticky sleeve traps (Broce 1988, Hogsette and Ruff 1990) were 

used for 5 wk from 30 October 2008 to 4 December 2008 in conjunction with my 2008 

dispersal study (Chapter 2). Two traps were located at Dairy A and one was located at 

Dairy B (Chapter 2, Fig. 2-1). All alsynite traps were placed within 1-2 m of a specific 

barn or feed trough as described below. The traps at Dairy A were placed 100 m apart, 

with one trap (trap 1) at the SE corner and the other at the SW corner of Dairy A's feed 

barn (trap 2). The trap at Dairy B was placed at the SE corner of the south barn (trap 8). 

Five traps were used at the dairies from 14 May 2009 to 25 June 2009 in conjunction 

with my 2009 dispersal study (Chapter 2), with two at Dairy A (traps 1 and 2) and three 

at Dairy B (traps 8, 24 and 25). Trap locations used in 2008 were used again in 2009. 

Two additional alsynite traps were placed on Dairy B during 2009: one (trap 24) was 

located W of the calf feed trough, approximately 0.3 km S of the adult barns, and the 

second (trap 25) was placed at the NE corner of the adult barns approximately 100 m 

from the original alsynite trap location used in 2008. These alsynite traps were relevant to 

fly monitoring efforts because they were placed immediately outside of barns on both 

dairies where cattle are fed and where adult flies aggregate. 

 In addition to house fly population monitoring, I collected samples to test for the 

presence of E. coli O157:H7 by direct culture microbiological analysis. Samples 

collected from dairies included adult house flies, spilled grains, and fresh manure. At 

restaurants, only adult house flies from the garbage dumpsters were sampled. 
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 Flies were collected by sweep-netting, with the additional use of sterilized 

materials. All materials that came into direct contact with flies were either purchased 

sterile, autoclaved for 60 min at 121 °C, 15 psi, or placed in 6% hypochlorite (bleach) 

(Clorox Co., Oakland, CA) solution for 15 min prior to use. Sweep nets were autoclaved 

and remained sealed in autoclave bags until used to collect a single sample in the field. 

Each sample of flies collected by sweep netting was transferred to a sterile 120-ml clear 

polypropylene specimen cup (Model 70756, Samco Scientific Corp., San Fernando, CA). 

Fresh nitrile gloves (Best Glove, Inc., Menlo, GA), sterilized with 6% bleach (Clorox 

Co., Oakland, CA), were worn when using each sweep net. 

 Specimen cups containing fly samples were placed on ice, in a large cooler (50 L, 

Igloo Corp., Houston, Texas) for approximately 1 min (10-20 ºC), to chill flies without 

mortality. Up to 10 flies were gently shaken onto a chilled metal pan (lined with 

aluminum foil which was changed after every sample) and identified to species. Flies not 

removed from specimen cups for sorting were later identified in the laboratory. Up to 10 

M. domestica were placed individually into sterilized snap-cap microcentrifuge tubes 

(P/N 02-681-240, Fisher Scientific Co., Waltham, MA). Flies were manipulated using 

sterilized feather-weight forceps (P/N 4750, Bioquip, Rancho Dominguez, CA). The 10 

individually contained flies were placed inside a pre-labeled sealable, clear, plastic bag, 

and placed in the cooler. All fly samples remained in the cooler  at 10-20 ºC for 2-6 h 

until removed for laboratory processing later that same day. 

 During the cooler months of November-April when fly populations were low, 

isolation of 10 individual flies was given priority over pooled samples; i.e., if only two 

house flies were collected, then each of the two was placed individually in sterile 1.5-ml 
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cap microcentrifuge tubes. If 12 flies were collected, then ten were individually placed in 

microcentrifuge tubes and the remaining two flies were retained in the specimen cup. 

During the warmer months of May-October, flies collected at each site were transferred 

to sterile specimen cups, placed on ice in a cooler, transported to the laboratory, and 

knocked down by placement in -20 ºC for approximately 1 min. Afterwards, specimen 

cups were removed from the freezer, and 10 individual flies were transferred into 

individual microcentrifuge tubes as described previously. 

 Cattle manure was obtained using sterile materials. Manure samples consisted of 

fresh droppings, and were obtained within 30 sec after animal defecation. Slurry samples 

were collected from barn floors or lagoons (wastewater retention ponds). Grain samples 

were obtained from feed troughs or from spilled grains below feed augers. 

 Manure, and grain (substrate) samples were obtained manually by two methods 

(Fig. 3-4). In the first sampling method, approximately 100 g of each substrate was 

scooped out with a sterilized metal spoon. Manure samples were obtained from the center 

surface of the fresh dropping. Manure samples were placed in pre-labeled 120-ml sterile 

specimen cups and placed inside the cooler (10-20 ºC) for transport to the laboratory 

where they were processed within 24 h of collection. In the second sampling method, two 

sterile swabs, pre-moistened with buffered peptone water (BPW) (Oxoid Ltd., 

Basingstoke, Hampshire, England) or trypticase soy broth (TSB)(Difco, Becton, 

Dickinson and Co., Sparks, MD), were inserted 2.5-5.0 cm deep into manure or grain, 

and rolled around briefly until completely coated with substrate particulates. Both swabs 

from each substrate were placed together as one sample in sterile 15-ml polypropylene 

centrifuge tubes (Model No. 35-2096, Becton Dickinson Labware, Franklin Lakes, NJ) 
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containing 9 ml of sterile BPW or TSB. Swab samples were placed in a shaded location 

in the vehicle, and transported to the laboratory at ambient temperature (25-30 ºC). 

 Air temperature, relative humidity (RH), and barometric pressure (BP) data were 

recorded on-site at Dairy A using a portable weather station (Model No. 00589W, Acu-

Rite, Jamestown, NY) and examined to determine if any of these weather conditions 

influenced house fly population activity determined by house fly monitoring methods. 

 At the time of sample collection, both the substrate and surface temperatures of 

manure and grain samples were measured. Substrate temperatures were measured by 

inserting a digital soil probe thermometer (Model No. 6310, Spectrum Technologies, Inc., 

Plainfield, IL) 2.5-5.0 cm into the grain or manure. The digital thermometer was allowed 

to calibrate while samples were obtained. Surface temperatures were measured by 

pointing an infrared thermometer (Raynger ST2, Raytek Corp., Santa Cruz, CA) at the 

center of the sample from a distance of 1 m. 

 All samples that were scheduled to be processed while fresh using standard 

microbiological methods were delivered to a Biosafety Level 2 (BSL2) laboratory in the 

FET Laboratory within 6 h of collection, and processed within 24 h of collection. Fly 

samples were placed in a -20 ºC freezer for up to 30 min to reduce the potential for flies 

escaping during processing; substrate samples remained in the cooler at 10-20 ºC, and 

swab samples were maintained at room temperature (25 ºC) until processed. Some 

samples were reserved by storage in a -20 ºC freezer at the VE Laboratory for future 

identification and serotyping by polymerase chain reaction (PCR). 

 All samples were processed using standard BSL2 laboratory aseptic techniques, 

and in compliance with the University of Florida's (UF) Environmental Health and Safety 
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(EHS) Biosafety Protocols (UF-EHS 2008). Pipette tips, tubes, broths, and other reagents 

were either purchased sterile or were autoclaved for 60 min at 121 °C, 15 psi, except 

where noted differently, using a table-top autoclave (Sterilmatic STME, Market Forge, 

Ramsey, MN). Agar plates were poured and allowed to solidify inside a BSL2 cabinet. 

Samples were processed at an open BSL2 bench as described below. 

 Aerobic plate counts (APCs) of unenriched background microbial (BM) 

organisms were performed. Each sample was vortexed for 30-60 sec to resuspend 

bacteria and held at room temperature for 1 min to permit debris to settle. A 1-ml aliquot 

of each unenriched sample was pipetted into a 15-ml (O.D. x Length 16x125 mm) 

borosilicate glass screw-capped culture tube (No. 9825-16X, Corning Pyrex Inc., Lowell, 

MA) containing 9 ml of BPW. 

 Serial dilutions were prepared for each sample by sequential pipetting 1 ml of the 

bacteria:broth mixture to tubes containing 9 ml BPW, for a total of six serial dilutions, 

10-1 – 10-6. Two aerobic plate counts using Petrifilm APC plates (3M, St. Paul, MN) were 

performed for each dilution tube. First, tubes were vortexed for 30-60 sec and allowed to 

settle for 5-10 sec. Then 1-ml aliquots were pipetted onto APC plates. In this way, the 

resultant culture plate dilutions ranged from 10-1 – 10-6 colony forming units per gram 

(CFU/g). 

 A new pipette tip was used for each tube, and dilutions were transferred 

sequentially from the most to the least dilute, to decrease the possibility of cross-

contamination. After the 1-ml aliquot of each dilution was placed on an APC plate, a 

proprietary plastic tool (spreader) that was included with the Petrifilm™ APC plates was 

gently placed upon the APC plate to spread the diluted sample out until it covered a 20-
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cm2 surface. Plates were incubated at 37 ºC for 6-18 h and plate counts were performed 

the following day by counting CFUs on each plate. Plates with 14-300 colonies were 

used to calculate average values for total CFU/g of aerobic bacteria for each sample. 

 To improve selectivity for E. coli O157:H7 from complex fecal and decomposing 

organic matter containing high concentrations of competing background microorganisms, 

TSB was modified by the addition of novobiocin (20 mg/l) (mTSB+N) (FDA-CFSAN 

2007a) for the enrichment broth (Desmarchelier et al. 1998).  

Bacteria species used as positive and negative controls in this study were obtained 

from Dr. Huang (Auburn University, AL) and are maintained by Dr. Simonne in the FET 

Laboratory. Nalidixic acid-resistant E. coli O157:H7 strain 204P was used as a positive 

control. Negative controls used in this study were Shigella dysenteriae (ATCC 49550) 

and Salmonella thompsoni (ATCC 8391). 

 Frozen fly samples containing multiple fly species were removed from the 

freezer, and up to 25 M. domestica were randomly selected and placed as a pooled 

sample in mTSB+N. Species other than M. domestica were discarded. Adult house flies 

were incubated individually or in pools of up to 25 flies. Some thawing occurred during 

sorting. For pooled samples with up to nine flies, M. domestica adults were added to 9 ml 

mTSB+N in a sterile 15-ml polypropylene centrifuge tube (Model No. 35-2096, Becton 

Dickinson Labware, Franklin Lakes, NJ). Pools containing 10 or more adult flies were 

placed in a 50-ml polypropylene centrifuge tube (Model No. 43089, Corning 

Incorporated, Corning, NY) containing 25 ml mTSB+N. Individual samples consisted of 

one M. domestica adult that was placed into a sterile 15-ml polypropylene centrifuge tube 
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(Model No. 35-2096, Becton Dickinson Labware, Franklin Lakes, NJ) containing 9 ml 

mTSB+N. Samples were incubated at 37 ºC for 24±2 h. 

 Substrate samples were initially enriched using 25 g of each substrate. However, 

following challenges with odor in the FET Laboratory, a swab sample technique was 

adopted (Rice et al. 2003, Greenquist et al. 2005, Davis 2006). In the initial substrate 

enrichment process, 25 g of each substrate sample were added to individual double-

bagged 400-ml stomacher bags (177 mm x 305 mm) (Stomacher® 400 Classic, P/N 

BA6041/CLR, Seward Co., Seward, UK) containing 225 ml of mTSB+N. The substrate-

mTSB+N mixture was homogenized in a stomacher for 60 sec. Unused portions of 

substrate samples from each bag were stored in a freezer at -20 ºC for future analysis. 

Some of the unused substrate samples were disposed of following mechanical failure of 

the freezer that resulted in thawing of samples. In the second substrate enrichment 

process, swab sample tubes (Model No. 35-2096, Becton Dickinson Labware, Franklin 

Lakes, NJ) containing 2 substrate-inoculated swabs in 9 ml BPW were processed by 

vortexing each tube for 30-60 sec. One swab and 1 ml supernatant was transferred to a 

new 15-ml centrifuge tube (Model No. 35-2096, Becton Dickinson Labware, Franklin 

Lakes, NJ) containing 9 ml of mTSB+N. Transferred samples were incubated at 37 ºC for 

24±2 h. The second swab and remaining BPW supernatant (8 ml) were stored unaltered 

in a freezer at -20 ºC for future analysis. Following selective enrichment, enriched 

samples were removed from the incubator, vortexed for 30-60 sec and allowed to settle 

for 1 min in preparation for enumeration and isolation procedures. 

 Enumeration of E. coli O157:H7 was performed using SMAC plates 

supplemented with cefixime (15 µg/l) and potassium tellurite (1.25 µg/l) (CT-SMAC) 
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(Alam and Zurek 2004, FDA-CFSAN 2007b). One-ml aliquots of each unenriched 

vortexed sample were transferred to screw-capped culture tubes containing 9 ml of sterile 

BPW and vortexed for 30-60 sec. Six serial dilutions were prepared for each sample, as 

previously described, and 100 µl aliquots were pipetted onto each of two CT-SMAC 

plates, i.e., double-plated, so that two plates were prepared for plate dilutions that ranged 

from 10-2 to 10-7. The unenriched bacteria-broth mixture was spread evenly over the plate 

using a glass rod. Spread-plate counts of E. coli O157:H7 were obtained by averaging the 

number of CFUs for plates that contained 14-300 colonies. CT-SMAC spread-plates were 

incubated at 37 ºC for 24±2 h. 

 Isolation of E. coli O157:H7 was performed by immunomagnetic separation 

(IMS) and direct culture, as described below. Separation, following Invitrogen's 

proprietary protocol (Dynal 2007), was performed using magnetic E. coli O157-specific 

antibody-coated beads  (Dynabeads® anti-E. coli O157, Invitrogen, Carlsbad, CA) that 

increased isolation sensitivity. Resuspended beads (20 μl, [108 beads/ml]) were aliquotted 

into a 1.5-ml microcentrifuge tubes and 1 ml of enriched house fly sample supernatant 

was added to each tube. Tubes were placed in a manually-operated magnetic stand, 

(Ambion® 6 Tube Magnetic Stand, Invitrogen, Carlsbad, CA), closed and inverted gently 

for 10 min at room temperature (RT) to permit the E. coli O157:H7 to bind antigenically 

to the beads while keeping the beads suspended in the supernatant. 

 A magnetic plate was inserted into the magnetic stand, and tubes were inverted 

multiple times to form a pellet of concentrated beads at the bottom of the tube, along the 

magnetized side of the tubes. Tubes were allowed to stand for an additional 3 min at RT 

to maximize recovery of beads coated with E. coli O157. Supernatant was pipetted out 
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and discarded, taking care not to dislodge the bacteria-bead pellet complex. The magnetic 

plate was removed and three sequential 1-ml 20X PBS Tween-20 (Thermo Scientific, 

Rockford, IL) wash buffer rinses were performed to resuspend the beads and enhance 

removal of non-specific binding microorganisms. 

 After the third rinse, the bacteria-bead complex was resuspended in 100 μl of PBS 

Tween buffer and vortexed. The entire 100 μl bacteria-bead complex was plated onto a 

CHROMAgar (BBL™ CHROMAgar™ O157®, Beckton Dickinson Co., Franklin Lakes, 

NJ) plate by moistening a sterile swab with the bacteria-bead complex and streak-plating 

half the agar plate with the moistened swab. The second half of the plate was loop-

streaked to enhance isolation of colonies. Plates were incubated at 37 ºC for 24±2 h. 

 After incubation, both CT-SMAC spread-plates and CHROMAgar isolation plates 

were examined for presumptive E. coli O157:H7 colony growth. Presumptive E. coli 

O157:H7 appeared colorless with or without a light smoky center (sorbitol-negative) on 

CT-SMAC plates, and  light-violet to violet on CHROMAgar plates. Up to five 

presumptive-positive E. coli O157:H7 colonies from CHROMAgar plates were selected 

and streaked onto CT-SMAC plates which were incubated at 37°C for 24±2 h. Presumed 

E. coli O157:H7 colonies were subsequently loop-streaked onto non-selective, general 

growth Trypticase soy agar with yeast extract (TSAYE) plates and incubated at 37°C for 

24±2 h. 

 Sub-cultures were prepared for long-term storage by transferring a loopful of one 

TSAYE colony into 850 µl of a sterile Luria-Bertani (LB) broth. The bacteria:broth 

mixture was pipetted into 150 sterile µl glycerol in 2-ml cryogenic vials (P/N 10-500-26, 

Fisher Scientific, Pittsburgh, PA). The LB broth, bacteria, and glycerol were gently 
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pipetted in and out until thoroughly mixed (5-10 times) without introduction of air 

bubbles. Finally, the bacterium and its 15:85 glycerol:bacteria-broth mixture were 

vortexed for 30 s and stored at -20 ºC, to be available for further DNA analysis by 

polymerase chain reaction (Chapter 5). 

 Where sufficient samples were available, additional biochemical tests were 

conducted. These tests included phenotypic expression of characters typical for E. coli 

O157:H7: 1) hydrolization of tryptophan; 2) the presence of a brilliant green sheen on L-

EMB agar; and, 3) a lack of fluorescing 4-methylumbelliferyl-β-D-glucuronide (MUG). 

 Hydrolization of tryptophan was assessed by placing a filter paper wetted with 

Kovac's Reagent (Ricca Chemical Co., Arlington, TX) on each positive-growth plate. 

Colonies that are presumptive positive for E. coli O157:H7 typically turn pink. 

Presumptive E. coli O157:H7 colonies were plated concurrently onto two different 

media; Levine's eosin methylene blue (L-EMB) (Oxoid) agar, and fresh TSAYE agar 

plates. Incubation of L-EMB plates, which inhibit gram-positive growth, occurred at 37 

ºC for 24±2 h. Following incubation, plates were examined for a distinctive bright 

metallic green sheen on dark-blue to black nucleated colonies. This brilliant green sheen 

is characteristic of E. coli O157:H7, and differentiates E. coli O157:H7 from non-

pathogenic E. coli that turn dark green without the brilliant green sheen on L-EMB agar. 

 Isolates that were transferred to TSAYE plates were tested for the presence of 

glucoronidase, an enzyme that hydrolyzes 4-methylumbelliferyl-β-D-glucuronide (MUG) 

to yield fluorescing 4-methylumbelliferone, by addition of one ColiComplete® (Bothell, 

WA) disk to the plate's heaviest bacterial streak. After incubation at 37 ºC for 24±2 h, 
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colonies presumptive for E. coli O157:H7 were considered negative if they lacked blue 

fluorescence around the disks when examined under 365 nm ultraviolet (UV) light. 

 Enumeration of aerobic bacteria was performed using Petrifilm APC plates 

containing 14-300 CFU/g. Aerobic bacteria counts were obtained for 19 selected samples 

that consisted of nine house fly, seven grain and three manure samples that were 

collected from 31 May 2008 to 26 August 2008. Aerobic plate counts of the two grain 

and two house fly samples obtained from Dairy A on 26 August 2008 were averaged for 

each type. Enumeration data for the remaining 17 samples were based on single samples. 

When multiple dilution plates containing 14-300 CFU/g were obtained from individual 

samples, the range of those plates was recorded. 

Presumptive E. coli O157:H7 colonies were counted using CT-SMAC spread plates 

containing 14-300 CFUs on two dates: 31 May 2010 and 14 June 2010. Samples of 31 

May 2010 were enumerated, but not processed further. Samples of 14 June 2010 were 

submitted for microbiological analysis after enumeration of E. coli O157:H7 was 

completed.  

Colonies that tested positive on CHROMAgar plates were classified as presumptive 

positive. However, due to failure of the CHROMAgar on 26 August 2008 and 16 

September 2008, isolates that were presumptive positive on CT-SMAC agar plates on 26 

August 2008 and 16 September 2008 were also submitted to PCR. Thus, isolates of 24 

samples of the 57 dairy-collected samples were submitted to PCR, with isolates from 11 

samples originating from CHROMAgar plates and isolates from 13 samples originating 

from CT-SMAC plates. 
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 Multiple isolates were obtained from several samples due to sequential transfer of 

individual colonies during the microbiological testing. Therefore, prevalence rates were 

determined for both the number of samples tested and for the number of isolates that 

were sub-cultured from samples. 

 Sub-cultures of each isolate were prepared for long-term storage by aseptic loop-

transfer of one loop of logarithmic-growth phase E. coli O157:H7 from TSAYE culture 

plates to 850 µl sterile LB (Oxoid) broth (lysogeny broth; Bertani (1951, 2004)). The LB 

broth and bacteria were mixed by gentle pipetting and then added to 150 µl sterile 

glycerol in a sterile 2-ml cryogenic vial (P/N 10-500-26, Fisher Scientific, Pittsburgh, 

PA). The LB broth, bacteria, and glycerol mixtures were stored as a 15% glycerol stock 

in -20 °C non-thawing freezer. Presumptive positive isolates were prepared for DNA 

extraction and PCR analysis from 1 December 2009 to 16 April 2010, approximately 1.5 

yr after placement in the freezer. 

 To prepare frozen isolates for DNA extraction and PCR, fresh cultures of each 

isolate were prepared from glycerol stock by transferring 10 μl of bacteria into a 15-ml 

culture tube containing 2 ml sterile LB broth. Transfer of bacterial stock was performed 

in a BSL2 cabinet. The stock was returned to the freezer to minimize thawing. Culture 

tubes containing fresh bacteria-broth mixtures were incubated at 37 ºC for 24±2 h with 

shaking (250 RPM) (Lab-Line® Orbit Environ-Shaker, Lab-Line Instruments Inc., 

Melrose Park, IL). Eight hundred fifty microliters of this fresh culture were used to make 

another glycerol stock to be placed in a -70 °C freezer for long-term storage, and the 

remaining culture was used for DNA extraction and PCR amplification. 
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 Total genomic DNA was extracted from stored bacterial isolates originally 

obtained from house fly, grain and manure samples using the QIAquick DNeasy Blood 

and Tissue Kit® (QIAgen, Valencia, CA). Extracted DNA was resuspended in 100 μl 

Buffer AE and stored at 4 °C. 

 Polymerase chain reaction was performed using one multiplex and two uniplex 

PCR assays (Table 3-2) to amplify gene fragments using two primer pairs (20 pmol/ml 

each) designed to target the rfbEH7 and fliCO157 genes (Hu et al. 1999, Cagney et al. 2004, 

Szalanski et al. 2004). The fliCO157 primer pair amplifies a 625-bp E. coli O157 serotype 

gene fragment (Gannon et al. 1997) and the rfbEH7 primer pair amplifies a 259-bp E. coli 

H7 gene fragment (Paton and Paton 1998).  

Following low amplification of both gene fragments simultaneously in the 

multiplex PCR, samples were submitted to uniplex PCR for each gene fragment 

separately. The following three assays were conducted to test for the genes of interest: 

Assay 1, Multiplex PCR for rfbEO157 and fliCH7; Assay 2, Uniplex PCR for rfbEO157; and 

Assay 3, Uniplex PCR for fliCH7. 

 Master mix reagents for each assay consisted of deionized sterile water, 10X 

DNA Polymerase PCR Buffer (-MgCl2), dNTP Mix (10 mM each), 50 mM MgCl2 ,  

oligonucleotide primers (20 pmol/µl each) (Eurofins MWG Operon, Huntsville, AL) 

(Table 3-2), and recombinant DNA polymerase Taq enzyme (Invitrogen, Carlsbad, CA). 

 For the multiplex assay and for the amplification of the rfbEH7, the PCR program 

consisted of an initial denaturing at 94 °C for 2 min, followed by 35 cycles of denaturing 

at 94 °C for 45 sec, annealing at 56 °C for 45 sec, and extending at 72 °C for 1 min. A 

final extension was performed at 72 °C for 5 min. The PCR program for amplifying 
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flicCO157 gene region was similar to those just described but the annealing temperature 

was increased to 65 °C. 

 Sterile distilled water was used as a negative control in each assay. Bacterial 

positive and negative controls used in this study were obtained from Dr. Amarat Simonne 

at the University of Florida, in the Food and Environmental Toxicology Laboratory. 

Nalidixic acid-resistant E. coli O157:H7 strain 204P was used as a positive control. 

Negative controls were Shigella dysenteriae (American Type Culture Collection (ATCC) 

49550) and Salmonella thompsoni (ATCC 8391). Cultures used for this study were 

maintained in the laboratory of Dr. James E. Maruniak at the University of Florida, 

Entomology and Nematology Department, with subcultures stored at both -20 °C and at -

70 °C. 

 Amplified PCR gene fragments were visualized by ethidium bromide staining of 

the PCR product that was separated in 1% agarose gel electrophoresis. Visualized PCR 

products were photographed using ultraviolet (UV) light. Isolates were considered 

positive if both the fliC and rfbE gene fragments were amplified. Because multiple 

isolates corresponded to each dairy-collected sample, samples were considered positive if 

at least one isolate was positive. The percentage of positive samples was calculated by 

dividing the number of positive samples by the number of samples that were submitted to 

PCR and multiplying by 100. 

DNA Quantification 

 DNA concentration of freshly cultured isolates was obtained by measuring the 

absorbance of light at wavelengths of 260-280 nm, using a spectrophotometer (Nanodrop 

1000 mini-spectrophotometer, Thermo Scientific, Waltham, MA) or was estimated by 

visual comparison of the band intensity with the standard 100 bp ladder purchased from 
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Invitrogen (Genvault 2010). Spectrophotometry nanodrop analysis was performed in 

accordance with the manufacturer’s instructions in Dr. Michael Scharf's laboratory, 

Entomology and Nematology Department, University of Florida.  

16S rDNA PCR Analysis 

 To ensure that PCR-product gene fragments were from bacterial DNA, a broad-

range 16S rDNA PCR assay was performed on 46 selected isolates. Broad-range 16S 

rDNA PCR analysis was performed in Dr. Volker Mai's laboratory, Emerging Pathogens 

Institute, University of Florida. 

Statistical Analysis 

 Seasonal trends of house fly populations were estimated for the sampling period 

using weekly mean counts for both passive and active fly monitoring methods at both 

dairies during the respective weeks of placement of each passive monitoring method. 

Passive fly monitoring estimates were obtained with spot cards, sticky cards and sticky 

sleeves on alsynite traps. Active monitoring estimates were obtained with weekly active 

"snapshot" counts of Scudder grids and sweep nets at four sampling sites. 

 House fly population data were subjected to PROC UNIVARIATE to examine 

normality and PROC MEANS to calculate means using SAS Version 9.1 (SAS 2002). 

Differences between sites or between treatments (monitoring methods) were determined 

by one-way analysis of variance (ANOVA) using Fisher's categorical test where 

populations were not normally distributed (PROC ANOVA) (SAS 2002). Correlations 

among sticky, spot and alsynite monitoring methods were analyzed using a three-way 

correlation analysis (Pearson’s coefficient) analysis with Dairy A data from wk 15-23 

when all three monitoring methods were in use (PROC CORR, SAS 2002). Paired 

correlations between spot and sticky cards were performed using Pearson’s coefficient 
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with Dairy B data from weeks 15-23 when both methods were in use (PROC CORR, 

SAS 2002). Correlation analysis was conducted for spot card data collected during weeks 

that cards were in use at both dairies. Scudder grid and sweep net counts were subjected 

to correlation analysis (PROC CORR, SAS 2002). Meteorological data (BP, RH and air 

temperature) and data from Scudder grid and net sweeping were collected simultaneously 

at Dairy A during weeks 1-9. These data were subjected to correlation analysis (PROC 

CORR, SAS 2002). 

Enumeration of both aerobic bacteria and of E. coli O157:H7 included calculations 

of the range, mean and median values using spreadsheet functions (Excel 2003). The 

number of colony forming units of plates containing 14-300 CFU/plate was multiplied by 

the dilution factor, and the count was recorded in scientific notation to one significant 

digit. Minimum and maximum values of individual sample types on different days were 

not examined statistically.  

 Prevalence rates of E. coli O157:H7, i.e., the percent of tested samples that tested 

positive with at least one positive isolate, were calculated for presumptive identification 

on both CHROMAgar and CT-SMAC agar plates using spreadsheet functions (Excel 

2003). Similarly, PCR confirmation of prevalence rates of presumptive positive samples 

from both direct culture agars was calculated using spreadsheet functions (Excel 2003). 

Prevalence rates were calculated by dividing the number of presumptive-positive samples 

by the total number of tested samples, and multiplying by 100.  

 Active fly monitoring methods were examined for relationship trends to 

Escherichia coli O157:H7 prevalence rates on CHROMAgar using spreadsheet functions 

(Excel 2003). CHROMAgar prevalence rates were used rather than PCR prevalence rates 
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because direct culture methods were performed on fresh samples while PCR was 

performed on presumptive positive isolates that had been stored for approximately 1.5 yr. 

Also, because only positive isolates of samples which were presumptive positive using 

direct culture methods were submitted to PCR, the number of samples submitted to PCR 

was less than the original number of samples that were examined microbiologically. Data 

which suggested the existence of trends were then analyzed for correlations statistically 

using SAS with Pearson’s coefficient, as appropriate (PROC CORR, SAS 2002). 

Results 

Fly Monitoring 

 There were no correlations at Dairy A between alsynite traps and spot cards or 

between alsynite traps and sticky cards in either the three-way or paired analyses during 

the nine weeks that all three devices were used at Dairy A. Positive correlation 

(r=0.67444, p = 0.0463) (r2 = 0.4548) between spot cards and sticky cards was observed 

when data from 30 October 2008 to 4 December 2008 were subjected to three-way 

analysis. A positive but weaker correlation (r=0.42943, p<0.0001) (r2 = 0.1844) was 

observed for paired analysis of card data from 23 September 2008 to 4 December 2008. 

During the same nine weeks at Dairy B, there was a positive correlation (r=0.69895, 

p=0.0362) between data from alsynite traps and spot cards. Sticky cards were not used at 

Dairy B. 

 There was a correlation of spot card numbers between dairies when all spot cards, 

including cards from the milk barn, were used in the analysis (F=16.06; df=1,418; 

P<0.001). There was stronger correlation between the spot card counts at different dairies 

when Dairy A's milk barn data were excluded from the analysis (F= 55.58; df=1,323; 

P<0.0001).  
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 Sweep net fly counts were higher than fly counts on Scudder grids, but there was 

no correlation between the two active fly monitoring methods even when data were 

logarithmically transformed. Scudder grid counts and sweep net counts were not 

influenced by weather conditions (barometric pressure, relative humidity, or 

temperature). 

Enumeration of Aerobic Bacteria and Escherichia coli O157:H7 

 Over the entire study period from 14 June 2008 to 16 September 2008, 35 house 

fly, 24 spilled grain and nine manure samples were collected. Of these 68 samples, 14 fly, 

17 grain and six manure samples were obtained from Dairy A while 10 fly, seven grain 

and three manure samples were obtained from Dairy B. During the same period seven 

and four fly samples were collected from Restaurants C and D, respectively. Because 

selective media were used for enumeration of both aerobic bacteria and E. coli O157:H7, 

actual counts might be underreported. 

 Enumeration of aerobic bacteria varied across sample types and dates (Table 3-3). 

All sample types contained at least one sample containing 107 aerobic bacteria (Table 3-

3). Mean aerobic plate counts for house flies, grain, and manure samples for the entire 

study period were 5.1 x106, 2.0 x 107, and 2.1 x 107 CFU/g, respectively (Table 3-4). 

Overall aerobic bacteria counts in grain and manure samples were 10-100-fold greater at 

Dairy A than at Dairy B (Table 3-4). House fly carriage of aerobic bacteria was similar in 

magnitude for both dairies and Restaurant C (Table 3-4). Flies from Dairy A had many 

more bacteria than flies from Dairy B (Table 3-4), which is consistent with higher grain 

and manure bacterial loads at Dairy A than at Dairy B. Flies from Restaurant D had 100-

fold fewer bacteria than from all other sites (Table 3-4). However, aerobic bacteria were 

enumerated from only one Restaurant D house fly sample, whereas two samples from 
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each dairy and three samples from Restaurant C were enumerated. Dairy A flies averaged 

8.5 x 106 aerobic bacteria and Dairy B flies averaged 1.1 x 106. Manure samples at Dairy 

A averaged 3.7 x 107 aerobic bacteria while manure samples from Dairy B averaged 4.6 x 

106. At each dairy, aerobic bacteria counts were lower in flies than in substrate media. 

Dairy A grains had higher aerobic bacterial loads than manure, but Dairy B grains had 

lower bacterial loads than manure.  

Enumeration of E. coli O157:H7 for 31 May 2008 and 14 June 2008 ranged from 

2.7 x 105 to 1.0 x 107 CFU/g E. coli O157:H7. These data were generated from one house 

fly and one manure sample on the former date and one grain and onemanure sample on 

the latter date. 

Escherichia coli O157:H7 Prevalence by Direct Culture 

A total of 68 samples were collected from all sites, of which 57 samples were 

tested using CHROMAgar plates. Collected samples consisted of 35 house fly, 24 grain, 

and nine manure samples. Tested samples were comprised of 33 fly, 17 grain, and seven 

manure samples. Time constraints prevented testing of the remaining 11 collected 

samples. Microbiological processing of the 57 samples produced 197 isolates that were 

comprised of 103 fly, 61 grain, and 33 manure isolates. 

Of the 57 tested samples, 11 (19.3%) were presumptive positive for E. coli 

O157:H7 (Table 3-5) on CHROMAgar. Across the study, E. coli O157:H7 combined 

sample prevalence for both dairies was 17.4% (8/46) with 13.0% (6/46) from Dairy A 

and 4.3% (2/46) from Dairy B. Combined prevalence of E. coli O157:H7 at the 

restaurants was 27.3% (3/11), with 18.2% (2/11) from Restaurant C and 9.1% (1/11) 

from Restaurant D. Escherichia coli O157:H7 was presumptively isolated and identified 

from house flies at all four sites and from grain at both dairies using CHROMAgar plates 
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(Table 3-5). All manure samples tested negative on CHROMAgar. Respective overall 

presumptive positive prevalence rates of E. coli O157:H7 isolated from house flies, grain, 

and manure samples were 14.0% (8/57), 5.3% (3/57) and 0% (0/57). 

 Within each tested sample type, 24.7% (8/33) of the flies, 17.6% (3/17) of the 

grain, and 0.0% (0/7) of the manure samples were presumptive positive on 

CHROMAgar. Within samples collected only at farms, 18% (5/28) of the samples at 

Dairy A and 11% (2/18) of the samples at Dairy B were presumptive positive on 

CHROMAgar. There was no relationship between E. coli O157:H7 presumptive positive 

prevalence rates and the Scudder grid fly counts or the sweep net fly counts. 

Similarly, samples that were positive on CT-SMAC agar within each tested sample 

type were comprised of six fly, five grain, and two manure samples. These 13 samples 

tested positive on CT-SMAC agar only, while nine additional samples that tested positive 

on CT-SMAC were clones of CHROMAgar positive samples. Within samples collected 

only at farms, 6/9 from Dairy A, 3/4 from Dairy B, 2/2 from Restaurant C, and 1/2 from 

Restaurant D were presumptive positive on CT-SMAC agar. 

Escherichia coli O157:H7 Prevalence by Polymerase Chain Reaction 

 As described previously, isolates of all 11 samples that were presumptive positive 

on CHROMAgar for the entire study were submitted to PCR (Table 3-5). Additionally, 

13 samples that were presumptive positive on CT-SMAC agar plates on 26 August 2008 

and 16 September 2008 were submitted to PCR. Thus, 24 total samples were submitted to 

PCR. Twelve of 24 (50%) samples were positive using multiplex PCR. The number of 

samples positive for both gene fragments was increased to 14/24 (58%) when PCR was 

done separately for each primer pair. Samples obtained in wk 6 (5 August 2008) were not 

available for PCR assays due to freezer thawing that killed the corresponding isolates. 
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 Specific breakdown of PCR confirmation by sample type of the samples that were 

submitted to multiplex PCR analysis revealed that 58% (7/12) of house flies, 56% (5/9) 

of grain and 0% (0/3) of manure samples were confirmed as positive. Additional testing 

by uniplex PCR increased the confirmation rates to 67% (8/12) for house flies and (1/3) 

for manure samples, while prevalence rates for grain were unchanged. Overall prevalence 

increased from 50% (12/24) to 58% (14/24).  

Nanodrop spectrophotometry analysis resulted in 260:280 ratios that ranged from 

1.82 to 1.90. The quantity of DNA template extracted from cultures ranged from 2-9 

ng/µl in the four isolates (31 May 2008 and 14 June 2008) that were evaluated using 

spectophotometry nanodrop analysis.  

The 16S rDNA efficiency of the 46 selected isolates was 89% (41/46 isolates). 

Eleven percent of the samples did not contain detectable levels of DNA. This suggests 

that up to 11% of the 197 isolates (corresponding to the original 57 samples) that did not 

produce amplicons of the expected size might have contained degraded DNA. 

Discussion 

 Sweep net fly counts were generally higher than Scudder grid fly counts. This 

supports the findings of Dhillon and Challet (1985), who found that fly counts with 

sweep nets were nearly double fly counts on Scudder grids. However, they did not report 

an examination of their data for correlation between the two fly monitoring methods.  

 Some challenges were experienced during this study. In the field, house fly 

populations were highly variable throughout the sampling period for all monitoring 

methods. This was particularly true for the restaurant garbage dumpsters in town, making 

collection of adequate numbers of flies difficult. In many instances, this may have been 

caused by insecticide bait or residual insecticide applications, as large numbers of dead 
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and/or twitching flies accompanied by fly bait pellets were observed at all sites on several 

occasions. Therefore, the microbiological protocol used for processing fly samples in this 

research had to be modified to accommodate collection of smaller numbers of flies than 

originally planned. Decreased numbers of flies in pools did not appear to have a 

detrimental effect upon isolation of E. coli O157:H7, as positive fly samples were 

obtained continuously throughout the test period. 

 During warmer months (summer and fall), sweep-netted flies placed in the cooler 

could not be sufficiently knocked down to allow for field identification and sorting of 

individual flies into microcentrifuge tubes. This was likely caused by the high ambient air 

temperatures, which rapidly melted the ice in the cooler. As a result of these constraints, 

collection of flies was conducted differently during cold and hot months. Modification of 

the fly collection protocol may have influenced the results of this, because flies collected 

in warmer months remained relatively active for 2-6 h. This may have resulted in 

artificial or increased transfer of pathogenic microorganisms among flies held in cups that 

could have contributed to the high prevalence rates that I obtained from house fly 

samples. The use of dry ice in coolers during hot weather would lessen this effect, but dry 

ice production of CO2 might adversely impact aerobic growth, so that another method of 

implementing steady cool temperatures would be useful. 

 House fly carriage of aerobic bacteria was variable between all sites with 

restaurants providing counts at both extremes. At each dairy, aerobic bacteria counts were 

highest in manure and lowest in flies. This supports the possibility, as reported by (Vold 

et al. 2000) that high background counts of competing microorganisms decreases 

detection of E. coli O157:H7. In particular, because isolation of E. coli O157:H7 from 
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dairy cattle manure was so low in comparison to that from house flies and spilled grain, 

the relationship of aerobic bacteria with E. coli O157:H7 needs to be examined further, 

within the various media that were tested in this experiment. Additionally, the role of 

house flies as a potential reservoir, not just as pathogen vectors, needs to be studied more. 

 Enumeration of E. coli O157:H7 ranged from 2.7 x 105to 2.4 x 106 for the two 

samples obtained on 31 May 2008 (one house fly and one manure) and the two samples 

obtained on 14 June 2008 (one grain and one manure). On 31 May 2008, the house fly 

sample from Dairy A contained 2.4 x 106 CFU/g. These data are in agreement with E. 

coli O157:H7 and aerobic bacteria counts reported previously from house flies (Alam and 

Zurek 2004, Sanderson et al. 2005), cattle feed (Ahmad et al. 2007), and cattle feces 

(Brichta-Harhay et al. 2007). 

 The main purpose of this study was to determine prevalence rates of E. coli 

O157:H7 at two dairy farms and in two restaurant garbage dumpsters in a nearby town. 

Escherichia coli O157:H7 was isolated from house flies at all four locations, and from 

grain at both dairies. Although no E. coli O157:H7 was isolated using direct culture 

methods from manure, only seven manure samples were tested, whereas 17 grain and 33 

house fly samples were tested. Lahti et al. (2003) and Omisakin et al. (2003) observed 

that detection was directly linked to numbers of samples processed. If target pathogen 

numbers are low, then detection can be difficult without increased numbers of samples 

(Brichta-Harhay et al. 2007). Thus, it is possible that E. coli O157:H7 might have been 

detected in manure if more samples had been processed. Conversely, recovery of E. coli 

O157:H7 from manure can be inconsistent due to high densities of competing 

background microorganisms (Pao et al. 2005), so that increasing the number of samples 
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might have had no impact on prevalence rates. Zero or very low recovery rates are not 

uncommon in cattle feces. Hancock et al. (1994) recovered E. coli O157:H7 from only 

0.28% (10 of 3,570) of dairy cattle feces samples and Galland et al. (2001) isolated E. 

coli O157:H7 from only 0.26% (45/17,050) of cattle fecal pats. Overall prevalence of E. 

coli O157:H7 at both dairies combined ranged from 3.6 – 10.7%, while prevalence at the 

restaurants combined ranged from 1.8 – 7.1 %. These data are in agreement with isolation 

rates obtained at dairies in some studies (Heuvelink et al. 1998, Bonardi et al. 2001, 

Smith et al. 2005, Oporto et al. 2008), although not as high as reported by others 

(Sanderson et al. 2006). 

 The results obtained in this study with respective overall prevalence rates for 

house flies, grain, and manure samples at 14.0% (8/57 samples), 5.3% (3/57), and 0.0% 

(0/57) support the findings of previous authors (Lahti et al. 2003, Pao et al. 2003, Pearce 

et al. 2004, Brichta-Harhay et al. 2007) that increased sampling may be an important 

factor in pathogen detection. Direct culture isolation of E. coli O157:H7 from house flies 

was approximately 2.6 times greater than from grain. This suggests that detection of E. 

coli O157:H7 on dairies might be more accurately determined by testing house flies 

instead of grain or manure samples, regardless of which isolation method is utilized. In 

addition to providing higher prevalence of E. coli O157:H7, house flies can carry and 

excrete this pathogen for up to 4 d (Sasaki et al. 2000). Additionally, house flies can 

disperse from dairies to restaurants and other sites in town up to 3.0 km distant (Chapter 

2). 

 Recovery of 24.6% of E. coli O157:H7 from house flies is a much higher 

recovery rate than those reported by Agui et al. (2001) (7.2%) and Keen et al. (2006) 
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(5.2%), but less than that that reported by Fotedar et al. (1992) (31.2-33.8%). There were 

substantial differences in the culture and isolation methods used by Augie et al. (2001) 

and Keen et al. (2006) versus those methods used by Fotedar et al. (1992) and myself. 

Agui et al. (2001) and Keen et al. (2006) used enrichment broths that were selective for 

E. coli. They added multiple antibiotics to the selective enrichment broths and also to the 

CHROMAgar plates. In contrast, both Foetedar et al. (2006) and I used a non-selective 

enrichment broth, to which only one antibiotic, instead of multiple antibiotics, was added. 

Also, I did not supplement the CHROMAgar plates with antibiotics. This suggests that 

antibiotics might be inhibitory for isolation of E. coli O157:H7 from house flies. Thus, 

testing house fly samples instead of grain and manure at dairies might provide a cost-

savings to researchers in addition to higher prevalence rate data, because expenses 

associated with purchasing, preparing, storing, and disposing of antibiotics can be greatly 

reduced. Elimination of antibiotics from broths and agars would extend the shelf life of 

these products, further increasing cost savings due to reduced labor expenses. 

 Although CHROMAgar O157 is very selective and specific for E. coli O157, 

violet-colored colonies presumptive for E. coli O157:H7 tended to grow slowly in this 

experiment.  Slow growth of presumptive colonies on CHROMAgar plates was 

discovered when one batch of negative plates remained on the bench for 24 h after 

removed from the incubator. Previously, CHROMAgar plates that had not shown positive 

presumptive growth were discarded after the initial 24 h incubation. After this discovery, 

CHROMAgar plates were retained and reexamined at both 24 and 48 h after removal 

from incubator. Prevalence of E. coli O157:H7 on CHROMAgar plates may have been 

under-reported in this study because most samples were subjected to 6-18 h incubation.  
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 The final batch of CHROMAgar that was used for isolation on 16 September 

2008 was excessively diluted so that the agar was difficult to streak. Colonies did not 

remain on top, but sank into the media. Because the typical morphology and color was 

not discernible, all CHROMAgar plates on 16 September 2008 were recorded as 

negative. However, up to five isolates were transferred onto CT-SMAC plates by digging 

a loop into "submerged" CHROMAgar colonies and streaking as usual. Seventeen of 75 

isolates transferred from the "negative" CHROMAgar plates to CT-SMAC plates tested 

positive on CT-SMAC. This clearly suggests that the colonies may have been positive on 

the CHROMAgar media, despite the improperly-made media that obscured normal 

reading of plates. The 17 positive isolates were distributed from the 10 different samples, 

so that all samples tested positive in CT-SMAC with at least one positive isolate. 

However, all samples for this date were recorded as negative on CHROMAgar for this 

study (Tables 3-5).  

 It is also possible that competing organisms grew on the CHROMAgar in 

sufficient quantities to outcompete E. coli O157:H7. Although designed for selective 

growth of E. coli O157:H7, closely related coliforms including Proteus spp. can grow. 

False positives are also a possibility on CHROMAgar that is not supplemented with 

potassium tellurite, because non-E. coli O157:H7 bacteria such as Salmonella spp. have 

the same colony color on this media (CHROMAgar protocol, Invitrogen, CA). More 

closely related results between CHROMAgar and CT-SMAC plates might have been 

obtained if the CHROMAgar had been supplemented with potassium tellurite. However, 

this study has higher prevalence rates than studies that did supplement CHROMAgar 
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with antibiotics, so that the impact of antibiotics upon isolation of E. coli O157:H7 has 

yet to be fully understood. 

 One of the original goals of this study was to determine if there were correlations 

between fly population densities and E.  coli O157:H7 prevalence using direct culture 

methods at Dairy A. However, due to changes in farm management practices on Dairy A, 

this became a minor research topic. Specifically, the location for feeding the cattle was 

changed approximately halfway through the study from the milk barn to the feed barn. 

Therefore, only active fly monitoring methods could be examined for potential 

correlations to E. coli O157:H7 prevalence, because Scudder grids and sweep netting 

were consistently conducted at Dairy A’s feed barn, the microbiological specimen 

collection site. In contrast to active fly monitoring methods, it was not possible to look 

for correlations of passive fly monitoring methods to E. coli O157:H7 prevalence because 

spot cards and sticky cards were not in use during the entire microbiological sampling 

period. 

 Another goal of this study was to use PCR assays to confirm direct-culture 

presumptive isolation and identification of E. coli O157:H7 colonies conducted in this 

project. In this study, only 58% (14/24) of all samples that were presumptive-positive 

using direct-culture media were confirmed by PCR analysis using both multiplex and 

uniplex assays, despite using multiple isolates for samples. The 14 samples that were 

confirmed as positive by PCR comprise only 25% of the initial 57 samples that were 

cultured. Confirmation by PCR of only 58% of the samples suggests that the remaining 

42% were either false positives on culture plates or that the fresh cultures lacked adequate 
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quantities of DNA for successful PCR amplification following the extended time in the 

freezer. 

 It is interesting that 33% (1/3) of manure tested positive by uniplex PCR, because 

all three manure samples that were tested by PCR were obtained from isolates that 

appeared negative using CHROMAgar media. These results appear to confirm either an 

increased sensitivity of PCR over direct culture (Fratamico et al. 2005) or detection of 

sorbitol-fermenting strains (Cebula et al. 1995). As with direct culture methods, PCR 

testing of house flies in this study provided the best method for detecting E. coli O157:H7 

on dairies, and provided more information than grain or manure samples did about the 

presence of E. coli O157:H7 on the dairies. Therefore, house flies should be an important 

part of any sampling program at dairies when looking for this pathogen.  

Confirmation by PCR might have been reduced in this study because purified 

isolates were stored long-term at -20 °C, so that thawing and refreezing of cultures might 

have contributed to mortality (Mennigmann 1979), gene loss (Achá et al. 2005), and/or 

contamination by laboratory microorganisms (V. Mai, personal communication). In this 

study, an 8.3% mortality rate was observed over 1.5 yr, which is similar to 7% mortality 

over nine mo reported by Doyle and Schoeni (1984). Mortality of individual isolates 

likely impacted the PCR confirmation rate, and underscores the importance of obtaining 

multiple isolates from each presumptive positive colony. Survival of cultures in -20 °C 

storage was recently shown to be increased by restricting the exponential growth phase to 

approximately 3 h or increasing the nutrient availability prior to storage (Sezonov et al. 

2007). Cultures in this study were provided with minimal nutrients and were incubated 
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for 24±2 h, so that they might have been dead or stressed and nonviable prior to their 

placement in the freezer (Sezonov et al. 2007). 

 Samples positive for fliCH7 gene segments could include E. coli of serotypes other 

than O157 (Cebula et al. 1995, Mead and Griffin 1998, Szalanski et al. 2004). Because 

the combination of fliCH7 and rfbEO157 is unique to E. coli O157:H7 (Bilge et al. 1996), a 

multiplex PCR assay including these two fragments was desired. I obtained only one 

band in several isolates using multiplex PCR. For samples that showed only one band, I 

subsequently performed uniplex PCR for each gene fragment separately. In this manner, I 

detected the presence of genes in isolates that had previously not produced a band that 

was intense enough to be visualized on the multiplex agarose gels. The lack of gene 

fragment amplification in the multiplex PCR could have been due to the depletion of 

nucleotides by the other primer, particularly if the primer pair for one gene was working 

more efficiently than the other pair.  

It was difficult to establish a suitable annealing temperature that worked well for 

both gene fragments. Initial attempts at multiplex PCR were conducted without success 

using the protocol with an annealing temperature of 48 °C published by Szalanski et al. 

(2004). As soon as the annealing temperature was increased to ≥ 55 °C, desired gene 

fragments were successfully amplified during PCR assays.  

 Bacterial 16S rDNA was detected by PCR for 41 of 46 (89%) samples verifying 

that the gene fragments obtained in the multiplex and uniplex PCR assays were due to 

bacterial DNA, because rDNA, located on ribosomal genes, contains nucleotide 

sequences that are highly conserved in all bacteria species. However, five samples (11%) 

tested negative for 16S rDNA. This can occur if the samples are contaminated with 
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proteins or if DNA concentrations are low or sample inhibitors were not removed during 

DNA purification. Because DNA absorbs ultraviolet (UV) light at 260 nm and protein 

absorbs UV light at 280 nm, pure DNA samples will exhibit a 260:280 ratio of 1.8 - 2.0 

(Altshuler 2006), while protein-contaminated samples exhibit 260:280 ratios lower than 

1.8 (Altshuler 2006). The 260:280 ratios for the four samples processed with this 

technique ranged from 1.82 to 1.90, which indicated that this representative selection of 

samples was relatively free from protein contamination.  

Although relatively free from protein contamination, the concentrations of DNA 

after extraction ranged from 2- to 9-ng/µl, which is low. PCR testing of fecal specimens 

can be very difficult, because many PCR-inhibiting substances are extracted from 

samples along with the target DNA (Holland et al. 2000). Inhibiting factors commonly 

found in fecal samples include bile salts, heme, bilirubins, and complex carbohydrates 

(Holland et al. 2000). Because my samples were cultured on sensitive media 

supplemented with antibiotics, the impact of PCR-inhibiting factors in the PCR assays 

should have been minimal. All manure samples that were submitted to PCR analysis were 

culture-negative, indicating that perhaps fecal background did inhibit direct-culture 

detection. In the current study, PCR was able to detect one of those samples as positive, 

due to the combined presence of both target gene fragments. This illustrates the 

sensitivity of the PCR over direct-culture, and emphasizes the importance of performing 

both techniques. Results of PCR analysis of samples in this study cannot be directly 

contrasted with direct-culture analysis because the two methods were not used 

simultaneously on fresh samples. 
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 To my knowledge, this is the first study where attempts were made to correlate 

house fly bacteria loads to house fly population dynamics on dairies. Enumeration of E. 

coli O157:H7 in this study was insufficient to fully explore this relationship, but future 

studies of this suspected correlation could provide a valuable public health and veterinary 

health tool. If a correlation exists between house fly populations and pathogen 

prevalence, then the epidemiological role of the house fly in a disease transmission cycle 

would be better understood, and possibly better quantified in terms of economic and 

health costs. This would emphasize the importance of having a strong IPM program for 

flies. Additionally, detection of E. coli O157:H7 at dairies and other livestock-rearing 

facilities will continue to be important, particularly as human urban and suburban 

residential areas continue to expand. Flies provided the most reliable source of E. coli 

O157:H7 from dairies, and future research should explore direct detection of E. coli 

O157:H7 from house flies to better understand the role that the house fly might have in 

dissemination of this pathogen. Finally, the interactions of aerobic bacteria and E. coli 

O157:H7 within different media on a dairy farm need to be examined more, to 

understand why E. coli O157:H7 is more prevalent in house flies than in dairy cattle 

manure. 
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Figure 3-1. Scudder grid (45 x 45 cm) used to assess house fly populations on dairy 

farms. Scudder grids were placed on top of spilled grains on the ground or on 
top of feed troughs. Fly counts consisted of the numbers of house flies that 
were resting on the grid five seconds after placement. Up to 10 Scudder grid 
counts were performed at each site. Scudder grids were placed in the same 
location at approximately the same time of day by the same operator to 
minimize variability. 
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Figure 3-2. Spot cards at Dairy A's milk barn and at Dairy B were inserted into metal 

frames which were nailed to horizontal wooden support beams 2-3 m above 
the ground. Cards were held in place by a small metal binder clip placed at the 
top edge of the metal frame. 
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Figure 3-3. Spot and sticky cards. Spot card clipped in place by binder clips at Dairy A's 

feed barn at a height of 2 m above the ground. Sticky card clipped in place 
with two paper clips 1 cm below the spot card. 
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  A 

  B 

  C 
 
Figure 3-4. Sampling methods for each type of collected sample. A) 100 g of grain or 

manure was placed in specimen cups. B) Two swabs were pre-moistened with 
Buffered Peptone Water (BPW), exposed to grain or manure and placed in 9 
ml BPW in a centrifuge tube. C) House flies that were captured using sweep 
nets were transferred into specimen cups. 
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Table 3-1. Dates and house fly monitoring methods used at two Florida dairies. 
Date Dairy A1 Dairy B 
7 June 2008 to 23 September 2008 Sweep nets, (FB) Sweep nets 
 Scudder grids, (FB) Scudder grids 
 Spot cards, (MB) Spot cards 
23 September 2008 to 4 December 2008 Spot cards, (FB) Spot cards 
 Alsynite traps Alsynite traps 
30 October 2008 to 4 December 2008 Sticky cards, (FB) N/A 
14 May 2009 to 25 June 2009 Alsynite traps Alsynite traps 
 
1Monitoring on Dairy A was conducted at both the milk barn (MB) and the feed barn 
(FB). Due to discontinued use of the milk barn by the producer, the milk barn was 
eliminated from this study after 23 September 2008.  
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Table 3-2. Primer nucleotide sequences used to amplify target genes in PCR assay. 
  Expected PCR  Target 
Primer1 Sequence (5'-3') amplicon (bp) gene Specificity Citation2 
Assay 1 (multiplex: O157 somatic and H7 flagellar antigens) 
fliCH7F GCG CTG TCG AGT TCT ATC GAG C 625 flic H7 flagellar gene 1 
fliCH7R CAA CGG TGA CTT TAT CGC CCA TTC C    1 
rfbEO157-F CGG ACA TCC ATG TGA TAT GG 259 rfb nt 393-651 of rfbO157:H7 2 
rfbEO157-R TTG CCT ATG TAC AGC TAA TCC      2 
Assay 2 (uniplex: O157 somatic antigen) 
rfbEO157-F CGG ACA TCC ATG TGA TAT GG 259 rfb nt 393-651 of rfbO157:H7 2 
rfbEO157-R TTG CCT ATG TAC AGC TAA TCC    2 
Assay 3 (uniplex: H7 flagellar antigen) 
fliCH7F GCG CTG TCG AGT TCT ATC GAG C 625 flic H7 flagellar gene 1 
fliCH7R CAA CGG TGA CTT TAT CGC CCA TTC C    1 
 
1 F, forward primer; R, reverse primer. 
2  Reference: (1) (Gannon et al. 1997); (2) (Paton and Paton 1998) 
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Table 3-3. Enumeration of aerobic bacteria (CFU/g) using Petrifilm Aerobic Plate Count 
plates inoculated with 1 ml of the unenriched sample. 

  Aerobic Plate Count 
Date Site, Source Range (CFU/g) Mean 

(CFU/g) 
Median 
(CFU/g) 

5/31/08 A, Manurea, 2.5 x 106 2.5 x 106 2.5 x 106 
6/14/08 A, Grain 9.8 x 107 9.8 x 107 9.8 x 107 
 A, Manure 2.8 x 107 – 4.6 x 107 3.7 x 107 3.7 x 107 
 B, Grain 4.7 x 106 4.7 x 106 4.7 x 106 
 B, Manure 2.5 x 106 -6.7 x 106 4.6 x106 4.6 x106 
 C, House fly 1.3 x 107 – 3.0 x 107 2.2 x 107 2.2 x 107 
6/23/08 A, Grain 1.6 x 105 – 2.8 x 106 1.5 x 106 1.5 x 106 
 A, House fly 1.4 x 107 – 2.0 x 107 1.7 x 107 1.7 x 107 
 B, Grain 1.8 x 105 – 3.0 x 105 2.4 x 105 2.4 x 105 
 B, House fly 2.2 x 105 – 4.0 x 106 2.1 x 106 2.1 x 106 
 C, House fly 1.3 x 103 1.3 x 103 1.3 x 103 
8/26/08 A, Grain2 4.8 x106 – 8.2 x 107 4.3 x 107 4.3 x 107 
 A, House flyb 3.4 x 104 – 1.5 x 105 9.2 x 104 9.2 x 104 
 B, Grain 2.9 x 106 – 3.5 x 106 3.2 x 106 3.2 x 106 
 B, House fly 1.1 x 105 – 1.4 x 105 1.3 x105 1.3 x105 
 C, House fly 1.5 x 104 1.5 x 104 1.5 x 104 
 D, House fly 2.1 x104 2.1 x 104 2.1 x 104 
 
Samples were collected from two dairies and dumpsters at two restaurants in north 
central Florida. A=Dairy A, B=Dairy B, C=Restaurant C and D=Restaurant D. 
a Samples were enumerated for aerobic plate counts, but not tested for E. coli O157:H7. 
b Two samples tested. Remaining data are CFU/g per plate for single samples. 
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Table 3-4. Mean enumeration, by site and by sample type, of aerobic bacteria (CFU/g) using Petrifilm Aerobic Plate Count plates 
inoculated with 1 ml of unenriched samples enumerated from collections between 31 May 2008 to 26 August 2008 on 
dairies and at restaurants in north central Florida. 

 Mean Aerobic Plate Count (CFU/g) 
Substrate Dairy A Dairy B Dairiesa Restaurant C Restaurant D Restaurantsa All fliesa 

Grain 3.8 X 107 2.3 X 106 2.5 x 107 NA NA NA NA 
Manure 3.7 X 107 4.6 X 106 2.1 x 107 NA NA NA NA 
House fly 8.5 X 106 1.1 X 106 4.8 x 106 1.1 x 107 2.1 x 104 5.4 x 106 5.1 x 106 
 
a Means for dairies and restaurants were calculated by adding the means of Dairy A and Dairy B, or of Restaurant C and Restaurant 
D, respectively, and dividing the result by two. Means for all flies were calculated by dividing the summed means of all four sites 
and dividing by four. Thus, means for dairies, restaurants and all flies were simple, not weighted. 
NA, Not applicable. 
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Table 3-5. Prevalence (%) and number of E. coli O157:H7 CHROMAgar-positive samples and number of CT-SMAC and PCR-
positive samples relative to the number of samples tested after collection from two dairies and two restaurant dumpsters in 
north central Florida. 

    CHROMAgar CT-SMAC PCR 

Date Site 
Sample  
Type No. Collected No. Tested 

No. Positivea 
(%) No. Tested No. Positive No. Tested No. Positive 

6/14/2008 A Grain 2 1 1 (100) 1 1   
  Manure 2 1 0 (0) 1 0   
 B Grain 2 1 0 (0) 1 0   
  Manure 2 1 0 (100) 1 1   
 C Fly 1 1 0 (0) 1 1   

6/23/2008 A Fly 1 1 0 (0) NA NA NA NA 
  Grain 4 1 0 (0) NA NA NA NA 
 B Fly 1 1 0 (0) NA NA NA NA 
  Grain 1 1 0 (0) NA NA NA NA 
 C Fly 1 1 0 (0) NA NA NA NA 

7/20/2008 A Fly 3 2 1 (50) 1 1   
 B Fly 3 2 0 (0) 0 NA   
 C Fly 1 1 1 (100) 1 1   

7/28/2008 A Fly 1 1 0 (0) NA NA NA NA 
 B Fly 2 2 0 (0) NA NA NA NA 
 C Fly 1 1 0 (0) NA NA NA NA 
 D Fly 1 1 0 (0) NA NA NA NA 

8/5/2008 A Fly 3 3 1 (33) NA NA NA NA 
  Grain 3 1 0 (0) NA NA NA NA 
  Manure 2 2 0 (0) NA NA NA NA 
 B Fly 2 2 0 (0) NA NA NA NA 
  Grain 1 1 0 (0) NA NA NA NA 
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    CHROMAgar CT-SMAC PCR 

Date Site 
Sample  
Type No. Collected No. Tested 

No. Positivea 
(%) No. Tested No. Positive No. Tested No. Positive 

  Manure 1 1 0 (0) NA NA NA NA 
 C Fly 1 1 1 (100) NA NA NA NA 
 D Fly 1 1 0 (0) NA NA NA NA 

8/26/2008 A Fly 5 5 2 (40) 5 2 2 1 
  Grain 6 6 1 (17) 6 2 5 3 
 B Fly 1 1 1 (100) 1 0 1 1 
  Grain 1 1 1 (100) 1 1 1 1 
 C Fly 1 1 0 (0) 1 1 1 1 
 D Fly 1 1 1 (100) 1 1 1 1 

9/16/2008 A Fly 1 1 0 (0) 1 1 1 1 
  Grain 2 2 0 (0) 2 2 1 1 
  Manure 2 2 0 (0) 2 2 1 1 
 B Fly 1 1 0 (0) 1 1 1 1 
  Grain 2 2 0 (0) 2 2 2 0 
 C Fly 1 1 0 (0) 1 1 1 1 
 D Fly 1 1 0 (0) 1 1 1 1 

TOTAL   68 57 11 (19.2) 32 22 24 14 
 
Sites: A, Dairy A; B, Dairy B; C, dumpster at Restaurant C; D, dumpster at Restaurant D. Spilled rain and manure samples 
consisted of either 25 g substrate or swabs. Fly samples consisted of pools of up to 25 house flies. Distance (km) from release 
site (Chapter 2) is also provided. CT-SMAC, sorbitol MacConkey agar supplemented with cefixime and potassium tellurite. 
a Percent positive was calculated by dividing the number of positive samples by the number of samples tested in the laboratory.
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CHAPTER 4 
OVERALL CONCLUSIONS 

Conclusions 

 The overall goal of this research was to determine the role of house flies, Musca 

domestica L., in the transmission of Escherichia coli O157:H7 at the rural-urban interface using 

two dairies and a small town. This was accomplished through three sampling parameters: by 

examining house fly dispersal, house fly population patterns, and Escherichia coli O157:H7 

prevalence. Specifically, studies were conducted to determine if house flies disperse from dairies 

into town, what their populations on the farms were at the time of the dispersal studies, and 

characterizing E. coli O157:H7 prevalence from house flies at both the dairies and in town using 

CHROMAgar and sorbitol MacConkey agar (CT-SMAC) direct culture methods. Additionally, a 

rapid, multiplex polymerase chain reaction (PCR) method was developed to detect the rfbEH7 and 

fliCO157 virulence factor genes of E. coli O157:H7 isolated from house flies, grain and manure. 

Escherichia coli O157:H7 prevalence data was used in conjunction with house fly dispersal data 

from the dairies to the town to estimate the public health risk that house flies may present in 

regards to transmission of E. coli O157:H7 from dairies into towns located in north-central 

Florida. 

Background 

 Previous research documented E. coli O157:H7 isolation from house flies on dairies 

(Zhao et al. 1995) and at restaurants (Butler et al. 2010). Laboratory studies have shown that E. 

coli O157:H7 survives and is excreted in a viable, infectious state for up to 4 d after it is ingested 

by house flies (Sasaki et al. 2000), while Petridis et al. (2006) and Macovei et al. (2008) 

demonstrated replication of E. coli O157:H7 in house flies. Field studies have shown that house 

flies can disperse up to 4.8 km (Quarterman et al. 1954, Shura-Bura et al. 1962) and that flies are 
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capable of flying at rates of 1 km/h (Shura-Bura et al. 1962). However, no studies have been 

conducted to investigate the synergism of house fly dispersal and E. coli O157:H7 survival in the 

natural environment.  

 Successful isolation of this pathogen from flies located both at the dairies and in town 

followed by genetic analysis of both the flies and the bacteria would provide more information 

about origin of bacterial strains isolated from flies. Isolation by direct culture reveals important 

information about the biochemical characteristics of bacteria, but isolation by DNA-based 

methods such as PCR permit serotyping and phylogenetic analysis. In addition, PCR is more 

sensitive and specific than direct culture techniques. Both direct culture and PCR methods have 

been used to isolate E. coli O157:H7 from house flies, grain, and manure samples on dairies. 

Pulsed-field gel electrophoresis is the preferred standard for DNA-based identification methods, 

but it is more time-consuming and labor-intensive than PCR.  

Conclusions 

 I hypothesize that the house fly provides a mobile element of disease-causing pathogen 

transmission from dairy cattle to humans, particularly in locations where the rural-urban 

interface is within the typical flight range of house flies. Furthermore, I hypothesize that the role 

of house fly pathogen transmission can be better understood by genetic serotyping of both house 

fly and bacteria and determining if the same strains exist in both the rural and urban locations 

where fly transmission is suspected. I hypothesize that PCR can be used to quickly and 

efficiently confirm E. coli O157:H7 isolation from house flies, grain and manure. 

 This study provided evidence of house fly dispersal from a dairy into town across the 

rural-urban interface, using roads as landscape corridors, and by direct flight overland. 

Furthermore, dispersal from a dairy to a restaurant was observed. This study demonstrated the 
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usefulness of a newly designed multiplex PCR assay for confirmation of direct culture 

presumptive-positive E. coli O157:H7 samples. 

Future Research 

 There are additional studies that need to be conducted to build on the findings of this 

research in order to better understand, and perhaps eventually quantify, the role of house flies in 

pathogen transmission across the rural-urban interface from dairies into town. In particular, more 

efficient DNA-based isolation methods are needed. 

 In-depth understanding of house fly bacterial loads has been limited by the need to use 

fresh samples containing viable bacteria for direct culture isolation. Isolation of bacteria by direct 

culture permits long-term storage of viable isolates so that DNA-based analysis can be conducted 

at future dates. Therefore, direct culture methods are valuable and should be used. However, 

PCR can amplify both viable and non-viable bacteria, so that storage of flies might avoid the 

need to culture bacteria samples. This could reduce expenses and labor, as well as increase 

specificity and selectivity. 

 Future research should be conducted to determine if PCR can rapidly and efficiently 

isolate E. coli O157:H7 directly from house fly samples that have been in long-term storage at -

20 °C. The relationship between house flies and E. coli O157:H7 and other enteric bacteria 

should be examined for specific geographical regions by using PCR on flies that have been in 

long-term storage. Use of flies that have been in long-term storage permits more extensive 

sampling during seasons of dominant fly activity because PCR assays can be conducted outside 

of the fly season during periods of time when researchers have greater available labor.  

Summary 

 In summary, this research has led to a better understanding of the house fly role in 

transmission of E. coli O157:H7 from dairies to urban areas. This research has resulted in the 
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development of a multiplex PCR assay for identifying E. coli O157:H7 from house flies. Results 

from this dissertation demonstrate that house flies provide valuable information regarding a 

mobile element for pathogen transmission that is lacking in grain and manure samples. House 

flies provide a readily-available, high-return sampling option and should be incorporated in the 

design of a pathogen monitoring programs on dairies. 
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