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ABSTRACT

THE ROLE OF EUROPEAN STARLINGS (STURNUS VULGARIS) IN THE
EPIDEMIOLOGY OF ZOONOTIC PATHOGENS AND ANTIMICROBIAL
RESISTANT E. COLI IN OHIO DAIRY FARMS

Genet Asmelash Medhanie
University of Guelph, 2016

Advisor:
Dr. D.L. Pearl

This thesis investigated the role of European starlings (Sturnus vulgaris) in the
dissemination of Escherichia coli O157:H7, Salmonella spp. and antimicrobial resistant E.
coli in Ohio dairy cattle farms. Using a repeated cross-sectional study of 150 Ohio dairy
farms, the following were investigated: 1) associations between farm management and
environmental factors, and on-farms starling density (number of starlings per milking cow);
2) associations between farm management and environmental factors, including on-farm
starling density, and the presence of fecal pats with cefotaxime and ciprofloxacin resistant E.
coli; 3) the role of starling night roosts in the dissemination of cefotaxime and ciprofloxacin
resistant E. coli to dairy farms; and 4) using longitudinal data from a subset of study farms,
the temporal pattern of contamination of cattle feed by European starling excreta and the
temporal pattern in recovering E. coli O157:H7 and Salmonella spp. from these bird
droppings.
On-farm starling density was associated with year of bird count, and feed and manure
management on dairy farms. However, proximity to night roosts, rather than day time starling
numbers was associated with the risk of pats testing positive for antimicrobial resistant E.
coli. In addition, statistically significant spatial clusters of cefotaxime and ciprofloxacin

resistant E. coli were identified on farms around night roost sites, further implicating night
roost sites as centers for the dissemination of antimicrobial resistant bacteria to dairy farms.
The recovery of E. coli O157:H7 or Salmonella spp. from bird droppings was related to the
amount of contamination of cattle feed by starling excreta after controlling for season.
Starlings may play an important role in the epidemiology of zoonotic pathogens and
antimicrobial resistant organisms on dairy farms. The findings from this thesis are important
for developing risk assesment tools and planning farm biosecurity policies and procedures
against the introduction of these organisms to livestock facilities.

iv

ACKNOWLEDGEMENTS
I would like to express my sincere gratitude to my advisor Dr. David Pearl for all his support,
academically and personally. I thank you for sharing your immense knowledge and
motivating me to try different approaches in exploring my research. I am also grateful for
your patience and understanding of work-life balance. My deepest appreciation goes to my
graduate committee members Drs. Scott McEwen, Michele Guerin, Claire Jardine and Jeffrey
LeJeune for their valuable guidance and support. Dr. McEwen, I thank you for your insightful
advice and encouraging comments. Dr. Guerin, I am grateful to you for giving me the first
chance to pursue graduate studies in epidemiology and for your continued mentorship starting
from my MSc. Dr. Jardine, it was always a pleasure to communicate with you; your
invaluable comments and your kind remarks kept me going. Dr. LeJeune, thank you for
generously allowing me to work on your projects and accommodating my short notice
requests despite your busy schedule.

I would also like to thank Pamela Schlegel from the Ohio State University, who has always
been happy to answer my questions regarding dairy production and management in Ohio. I
am also thankful to Natalia Cernicchiaro for her all-round help regarding the data for this
thesis. I appreciate your encouragement and friendship.

My special gratitude goes to my family and friends for their unwavering love and support. To
my dear husband and best friend Hibret, my daughters Edna and Abigail Adissu, this program
would not have been possible without your patience and love.

I would also love to thank the Department of Population Medicine, which was my home for
the last six years. I am thankful for all the generous support from fellow students, faculty and
staff.

v
STATEMENT OF WORK
Field data collection, bacterial isolation, and antimicrobial sensitivity testing were
conducted by Dr. Jeffery LeJeune and his research group at the Ohio State University. All
data management, epidemiological and statistical analyses were performed by Genet A.
Medhanie under the supervision of Dr. David Pearl. All manuscripts were written by Genet
A. Medhanie with editorial assistance and advice regarding data analysis and interpretation
from Drs. David Pearl, Michele Guerin, Scott McEwen, Claire Jardine and Jeffery LeJeune.

vi
TABLE OF CONTENTS
ABSTRACT .............................................................................................................................. iv
ACKNOWLEDGEMENTS ...................................................................................................... iv
STATEMENT OF WORK ........................................................................................................ v
TABLE OF CONTENTS…..…………………………………………………………………iii
LIST OF TABLES ..................................................................................................................... x
LIST OF FIGURES .................................................................................................................xii
CHAPTER ONE ........................................................................................................................ 1
INTRODUCTION, LITERATURE REVIEW, STUDY RATIONALE AND OBJECTIVES . 1
INTRODUCTION .................................................................................................................. 1
LITERATURE REVIEW ....................................................................................................... 2
Bird biology and feeding behaviours that contribute to the spread of zoonotic pathogens
and antimicrobial resistant organisms .................................................................................... 2
European starlings: biology, feeding and roosting behaviours that contribute to the spread
of pathogens to livestock and humans.................................................................................... 7
Main foodborne bacterial zoonotic pathogens and associated antimicrobial resistance
determinants spread by wild birds ........................................................................................ 10
1) Escherichia coli O157:H7 ......................................................................................... 11
2) Salmonella enterica ................................................................................................... 13
3) Campylobacter spp. ................................................................................................... 16
4) Antimicrobial resistant E. coli carried by birds......................................................... 18
Economic and public health implications of European starlings and potential interventions
to control their populations .................................................................................................. 19
1.

Economic and public health implications ................................................................. 19

2.

Potential interventions ............................................................................................... 21

STUDY RATIONALE AND OBJECTIVES .......................................................................... 22
REFERENCES ........................................................................................................................ 24

vii
CHAPTER TWO ..................................................................................................................... 38
DAIRY CATTLE MANAGEMENT FACTORS THAT INFLUENCE ON-FARM DENSITY
OF EUROPEAN STARLINGS IN OHIO, 2007 – 2009 ......................................................... 38
ABSTRACT ......................................................................................................................... 38
INTRODUCTION ................................................................................................................ 39
MATERIAL AND METHODS ........................................................................................... 40
Data description ................................................................................................................ 40
Data analysis ..................................................................................................................... 41
Model building ................................................................................................................. 41
RESULTS............................................................................................................................. 43
Data description ................................................................................................................ 43
Statistical analysis ............................................................................................................ 44
DISCUSSION ...................................................................................................................... 45
CONCLUSIONS .................................................................................................................. 48
ACKNOWLEDGEMENTS ................................................................................................. 48
REFERENCES ..................................................................................................................... 48

CHAPTER THREE ................................................................................................................. 61
A LONGITUDINAL STUDY OF FEED CONTAMINATION BY EUROPEAN STARLING
EXCRETA IN OHIO DAIRY FARMS (2007-2008).............................................................. 61
ABSTRACT ......................................................................................................................... 61
INTRODUCTION ................................................................................................................ 62
MATERIALS AND METHODS ......................................................................................... 63
Study design ..................................................................................................................... 63
Pathogen detection............................................................................................................ 64
Statistical analysis ............................................................................................................ 65
RESULTS............................................................................................................................. 67
Descriptive findings.......................................................................................................... 67
Multilevel model .............................................................................................................. 68
Exact logistic regression and space-time scan statistic .................................................... 69
DISCUSSION ...................................................................................................................... 70
ACKNOWLEDGEMENTS ................................................................................................. 74
REFERENCES ..................................................................................................................... 74

viii

CHAPTER FOUR .................................................................................................................... 86
SPATIAL CLUSTERING OF CEFOTAXIME AND CIPROFLOXACIN RESISTANT
ESCHERICHIA COLI AMONG DAIRY CATTLE FARMS RELATIVE TO EUROPEAN
STARLING NIGHT ROOSTS ................................................................................................ 86
ABSTRACT ......................................................................................................................... 86
INTRODUCTION ................................................................................................................ 87
MATERIALS AND METHODS ......................................................................................... 88
Sample collection ............................................................................................................. 88
Detection of antimicrobial resistant E. coli ...................................................................... 89
Description of night roosts ............................................................................................... 89
Statistical analysis ............................................................................................................ 90
RESULTS............................................................................................................................. 91
DISCUSSION ...................................................................................................................... 92
ACKNOWLEDGEMENTS ................................................................................................. 95
REFERENCES ..................................................................................................................... 95

CHAPTER FIVE ................................................................................................................... 107
ON-FARM STARLING POPULATIONS AND OTHER ENVIRONMENTAL AND
MANAGEMENT FACTORS ASSOCIATED WITH THE PRESENCE OF CEFOTAXIME
AND CIPROFLOXACIN RESISTANT E. COLI AMONG DAIRY CATTLE IN OHIO .. 107
ABSTRACT ....................................................................................................................... 107
INTRODUCTION .............................................................................................................. 108
MATERIALS AND METHODS ....................................................................................... 110
Study farms and sampling .............................................................................................. 110
Antimicrobial resistance detection ................................................................................. 111
Multi-level logistic regression model building............................................................... 111
RESULTS........................................................................................................................... 113
Descriptive summary ...................................................................................................... 113
Assessment of continuous variables for linearity ........................................................... 113
Univariable multi-level models ...................................................................................... 114
Multivariable multi-level models ................................................................................... 114
DISCUSSION .................................................................................................................... 116

ix
CONCLUSIONS ................................................................................................................ 118
ACKNOWLEDGEMENTS ............................................................................................... 119
REFERENCES ................................................................................................................... 119

CHAPTER SIX ...................................................................................................................... 129
SUMMARY CONCLUSIONS AND RECOMMENDATIONS ....................................... 129
Major findings ................................................................................................................ 130
Study limitations ............................................................................................................. 132
Recommendations .......................................................................................................... 133
REFERENCES ................................................................................................................... 135
APPENDIX ............................................................................................................................ 139
Questionnaire used in the repeated cross-sectional study to gather information on farm
management and environmental factors from 150 dairy farms in Ohio, 2007 -2009. ....... 139

x
LIST OF TABLES
Table 2.1. Farm management and farm structural variables examined for possible
association with European starling density on Ohio dairy farms, 2007 – 2009. ..................... 53
Table 2.2. Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC)
comparing the fit of regression models built to assess the association between the number
of European starlings per milking cow and farm management and farm structural
variables on Ohio dairy farms, 2007 – 2009. ........................................................................... 54
Table 2.3. Unconditional zero-inflated negative binomial model with robust variance
estimators of significant farm management and farm structural variables associated with
the number of European starlings per milking cow based on a liberal p-value (P ≤ 0.2). ....... 55
Table 2.4. The association between the number of European starlings per milking cow
and farm management and farm structural variables significant at P < 0.05 using a
conditional zero-inflated negative binomial model with robust variance estimator for
clustering by farm. ................................................................................................................... 57
Table 2.5. Contrasts evaluating the association between the number of European starlings
per milking cow and the interaction term between feeding method and feeding site from
the final zero-inflated negative binomial model with robust variance estimator for
cluster. ...................................................................................................................................... 59
Table 3.1. Summary of the amount of starling excreta recovered each month on 15 Ohio
dairy farms. .............................................................................................................................. 79
Table 3.2. The Akaike’s information criterion (AIC) and Bayesian information criterion
(BIC) for the association between the absolute weight of excrement recovered each
month or the standard score for the weight of excrement, and month or season, using the
simpler multilevel linear regression model and the model with a first order
autoregressive correlation structure. ........................................................................................ 80
Table 3.3. Linear regression model with a random intercept for farm of the association
between the absolute weight of excrement recovered each month from a bird feeder tray
in grams (g) or the standard score for the weight of excrement, and excrement collection
month. ...................................................................................................................................... 81
Table 3.4. Contrasts of significantly different excrement accumulations between months
from the linear regression model with a random intercept for farm, of the association
between the absolute weight of excrement recovered each month from a bird feeder tray
in grams (g) or the standard score for the weight of excrement, and excrement collection
month. ...................................................................................................................................... 82
Table 3.5. Linear regression model with a random intercept for farm of the association
between the absolute weight of excrement recovered each month from a bird feeder tray
in grams (g) or the standard score for weight of excrement, and excrement collection
season ....................................................................................................................................... 83
Table 4.1. Distance (km) of 150 Ohio dairy farms, with fecal pats that tested positive or
negative for the presence of cefotaxime (CTX) or ciprofloxacin (CIP) resistant E. coli
from known European starling night roost sites (2007 – 2009)............................................... 99
Table 4.2. Statistically significant unadjusted spatial clusters of bovine fecal pats with E.
coli resistant to cefotaxime (CTX) and ciprofloxacin (CIP) collected from dairy farms
around known European starling night roost sites in Ohio. ................................................... 100

xi
Table 4.3. Statistically significant season and on-farm starling density adjusted spatial
clusters of bovine fecal pats with E. coli resistant to cefotaxime (CTX) and ciprofloxacin
(CIP) collected from dairy farms around known European starling night roost sites in
Ohio for the period 2007 - 2009. ........................................................................................... 101
Table 5.1. Sample and farm prevalence of cefotaxime and ciprofloxacin resistant E. coli
among Ohio dairy cattle (2007 – 2009). ................................................................................ 123
Table 5.2. Results of univariable, multi-level logistic regression models with random
intercept to account for bovine fecal pats collected within a specific visit to a farm
examining the association between temporal, environmental, and farm management
factors with the presence of cefotaxime and ciprofloxacin resistant E. coli on Ohio dairy
cattle farms. ............................................................................................................................ 124
Table 5.3. Results of multivariable multi-level logistic regression models with a random
intercept to account for fecal pats collected within a specific visit to a farm examining
the association between temporal, environmental, and farm management factors with the
presence of cefotaxime and ciprofloxacin resistant E. coli on Ohio dairy cattle farms (n =
150 farms). ............................................................................................................................. 127

xii
LIST OF FIGURES
Figure 2.1. Frequency of the number of European starlings per milking cow on 150 Ohio
dairy farms, 2007 – 2009. ........................................................................................................ 60
Figure 3.1. Standard score for starling excrement weight recovered each month for 12
consecutive months from a bird feeder tray located near a cattle feeding site on 15 Ohio
dairy farms. .............................................................................................................................. 84
Figure 3.2. Space-time cluster of high contamination with starling excreta that included
seven Ohio dairy farms from December 2007 to March 2008, based on the standard score
for weight of starling excreta recovered each month for 12 consecutive months from a
bird feed tray located near a cattle feeding site. ....................................................................... 85
Figure 4.1. Geographic location of known European starling night roosts, and 150 Ohio
dairy farms with fecal pats that tested positive or negative for the presence of cefotaxime
(CTX) and/or ciprofloxacin (CIP) resistant E. coli (2007 – 2009). ....................................... 102
Figure 4.2. Non–adjusted statistically significant clusters of bovine fecal pats with E. coli
resistant to cefotaxime among dairy cattle farms around the four identified night roost
sites based on focal scans for the period 2007-2009, and yearly scans. ................................ 103
Figure 4.3. Non–adjusted statistically significant clusters of bovine fecal pats with E. coli
resistant to ciprofloxacin among dairy cattle farms around the four identified night roost
sites based on focal scans for the period 2007-2009, and yearly scans. ................................ 104
Figure 4.4. Statistically significant season and on-farm starling density adjusted spatial
clusters of cefotaxime resistant E. coli isolated from dairy cattle fecal pats around known
European starling night roost sites in Ohio based on focal scans for the period 2007 –
2009........................................................................................................................................ 105
Figure 4.5. Statistically significant season and on-farm starling density adjusted spatial
clusters of ciprofloxacin resistant E. coli isolated from dairy cattle fecal pats around
known European starling night roost sites in Ohio based on focal scans for the period
2007 -2009. ............................................................................................................................ 106
Figure 5.1. Causal diagram of the association between temporal, environmental, and
farm management factors with presence of cefotaxime (CTX) and ciprofloxacin (CIP)
resistant E. coli in fecal pat samples from dairy cattle in Ohio (2007 – 2009). ..................... 128

1
CHAPTER ONE
INTRODUCTION, LITERATURE REVIEW, STUDY RATIONALE AND
OBJECTIVES
INTRODUCTION
With the increase in human wildlife interactions, the spread of zoonotic pathogens
and antimicrobial resistant organisms from wildlife to humans is a legitimate public health
concern (Alley et al., 2002; Abulreesh et al., 2007; Allen et al., 2010). In particular,
migratory wild birds have a great potential to disseminate pathogens and antimicrobial
resistant organisms due to the wide geographic area they cover (Hernandez et al., 2013;
Smith et al., 2014; Carroll et al., 2015). Birds can carry a plethora of bacterial, viral, fungal
and parasitic pathogens (Hubalek, 2004). They are reservoirs and carriers of several
prominent human pathogens including influenza A virus, West Nile virus, and tick species
that carry Borrelia burgdorferi, the causative agent of Lyme disease (Abulreesh et al., 2007).
From both food safety and animal health perspectives, there is concern about wild
bird species that use livestock facilities to access feed. These birds can spread zoonotic
enteric pathogens to livestock facilities through their excreta. Food and waterborne zoonotic
pathogens, such as verotoxigenic Escherichia coli (e.g., E. coli O157:H7), Campylobacter,
Salmonella, and Mycobacterium avium subspecies paratuberculosis have been isolated from
wild birds (Corn et al., 2005; LeJeune et al., 2008; Sanad et al., 2013; Carlson et al., 2015b).
In addition, antimicrobial resistance has been detected in pathogenic and non-pathogenic
organisms collected from wild bird fecal and gastro-intestinal samples (Dolejska et al., 2007;
Bonnedahl and Jarhult, 2014; Carlson et al., 2015b).
There is evidence that wild birds can contribute to the dispersal of pathogens and
antimicrobial resistant organisms; however, the role of wild birds in the dissemination of
zoonotic and antimicrobial resistant organisms in terms of the temporal pattern of
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contaminating the farm environment, environmental factors that attract birds to livestock
facilities, and the movement of zoonotic and antimicrobial resistant organisms throughout the
greater landscape, needs to be explored. This thesis focuses on exploring the role of European
starlings (Sturnus vulgaris), one of the most abundant wild bird species that frequent
livestock facilities in North America, in the dissemination of zoonotic and antimicrobial
resistant organisms. Consequently, the following literature review summarizes:
1) Bird biology and feeding behaviours that contribute to the spread of zoonotic
pathogens and antimicrobial resistant organisms
2) European starling biology, feeding and roosting behaviours that contribute to the
spread of pathogens to livestock and humans
3) Major foodborne bacterial zoonotic pathogens and associated antimicrobial resistance
spread by wild birds:
a. E. coli O157:H7
b. Salmonella
c. Campylobacter
d. Antimicrobial resistant E. coli;
4) Economic and public health implications of European starlings and potential
interventions to control their populations.
LITERATURE REVIEW
Bird biology and feeding behaviours that contribute to the spread of zoonotic pathogens
and antimicrobial resistant organisms
Bird species have variable biological, social and feeding behaviours that impact their
ability to disperse antimicrobial resistant and zoonotic organisms throughout the
environment. Birds can be long or short distance migrants or residents that do not migrate at
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all (Reed et al., 2003). In addition, some bird species have migrant and non-migrant
populations within the same species depending on factors such as age, sex and dominance in
the flock. Roosting and feeding behaviours also vary among species. Some species roost,
breed and feed communally or use communal roosts in non-breeding seasons and become
solitary during breeding seasons, while some bird species are always solitary (Zahavi, 1971).
On most occasions, birds that roost in groups also feed in flocks. However, some birds can
change their roosting and feeding behaviour seasonally (Alerstam et al., 2003). The
communal feeding and roosting habits of some birds can also be modified by external factors
such as weather and abundance of food (Zahavi, 1971). The migration and communal
activities of some bird species have important public health implications because they may
increase the risk of these birds carrying and dispersing zoonotic pathogens while traveling in
groups both locally and along migration routes (Reed et al., 2003). This review will focus on
the wild birds with communal roosting and feeding behaviours that have the greater capacity
to disperse pathogens throughout the environment compared to solitary species.
Birds migrate seasonally in search of suitable breeding sites and abundant feed. Most
wild bird species in North America are migratory due to the distinct temperature variation
throughout the year (Reed et al., 2003). While there are abundant breeding locations and food
supplies in spring and summer, harsh winters force many species to migrate to warmer
locations. Therefore, every fall, over 300 different species of birds migrate in billions to
South and Central America (Reed et al., 2003). Similar numbers of birds also migrate from
Europe to Africa. These species migrate long distances across continents; they stop at
different locations along the routes to feed and rest before they reach their destination (Reed
et al., 2003). During these stop overs, they can transmit pathogens to the local environment
and other migrant birds that are temporarily staging in these locations. They can also acquire
zoonotic and animal pathogens, with and without antimicrobial resistant genetic elements,
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and carry these organisms to breeding and wintering locations where numerous species of
birds are concentrated (Jourdain et al., 2007).
Some bird species such as house finches (Haemorhous mexicanus) and starlings
(Sturnus vulgaris) migrate only short distances, traveling a few hundred kilometers further
south from breeding to wintering locations (Reed et al., 2003; Homan et al., 2012). These
short distance migrants also increase the potential exchange of pathogens among different
bird species by crowding wintering locations with other migrant and resident birds (Reed et
al., 2003). Some migrant birds return back to their original location in spring, when the food
supply has increased and the weather is appropriate for breeding. Their return flight can also
result in the spread of zoonotic and antimicrobial resistant organisms from wintering habitats.
There are several pathogens that can be transmitted to other animals and humans by
migratory birds (Hubalek, 2004). Studies have established the role of wild migrant waterfowl
in the dissemination of influenza A viruses, and passerine birds (Passeriformes) as carriers
and reservoirs of West Nile virus (Rappole and Hubalek, 2003; Krauss et al., 2004).
Antimicrobial resistant Campylobacter jejuni and Salmonella Typhimurium were isolated
from black-headed gulls (Larus ridibundus) and blackbirds (Turdus merula) that migrated to
Sweden from southwestern Europe (Palmgren et al., 1997). The dissemination of these
organisms becomes more of a concern when the migrating birds have communal feeding and
roosting habits close to agricultural or urban or suburban areas.
Numerous bird species such as rooks (Corvus frugilegus), American crows (Corvus
brachyrhynchos), and starlings roost and breed collectively to protect their populations from
predators. Birds also use communal roosting as information exchange sites on the location of
food (Dunnet, 1955; Feare, 1984). For instance, studies have reported that birds that feed and
roost alone start communal roosting as the food supply gets depleted to benefit from the
exchange of information on feeding locations (Zahavi, 1971; Tinbergen, 1981). Particularly,
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when food may be scarce (e.g., winter in temperate areas and dry season in the tropics)
several bird species that are solitary during other seasons will roost in large numbers. For
instance, birds such as the common chaffinches (Fringilla coelebs) and European robins
(Erithacus rubecula), which feed and roost solitarily in summer, feed in large flocks and
roost as a group in winter (Ward and Zahavi, 1973).
Most day time roosts are occupied by small numbers of birds roosting on trees or
barns, but night roosts are inhabited by large numbers of birds. Some bird species even roost
mixed with other bird species forming large mixed bird species populations (Zahavi, 1971).
The congregation of birds in the same location can increase the concentration of pathogens
and antimicrobial resistant genetic elements in the environment and increases the potential
exposure of other animals to these organisms (Gough and Beyer, 1981; Kauffman and
LeJeune, 2011).
Birds that feed communally and closer to human environments pose a risk to public
health due to the potential dissemination of zoonotic pathogens. With the expansion of human
residential areas and growing urbanization, several wild bird species spend most of their day
around human environments. Particularly, starlings, gulls (Laridae), passerines, feral pigeons
(Columba livia) and crows (Corvidae) forage around urban areas at garbage dumps, sewage
plants, and livestock facilities (Hatch, 1996; Palmgren et al., 1997; Stedt et al., 2014). An
increasing number of waterfowl, such as Canada geese (Branta canadensis) and mallards
(Anas platyrhynchos), are also inhabiting urban environments as they congregate around
ponds, lakes and human neighbourhoods posing a potential public health risk from
accumulation of their excreta (Fallacara et al., 2001). Birds that frequent urban areas can also
acquire zoonotic enteric pathogens and antimicrobial resistant genetic elements from sewage
and human refuse with the potential to spread these organisms throughout a wider geographic
area (Millan et al., 2004; Cole et al., 2005). Studies have established a positive association
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between human and wild bird Salmonella infections (Girdwood et al., 1985; Alley et al.,
2002). An observation was made that as the number of human infections increase, the
likelihood of wild birds being exposed to this bacterium through environmental
contamination from foraging on sewage and human refuse also increased (Girdwood et al.,
1985). For instance, a higher prevalence of Salmonella was detected from gull fecal samples
collected in areas with greater human population densities where these birds were exposed to
sewage and refuse (Girdwood et al., 1985). Similar molecular subtypes of E. coli O157,
Salmonella and C. jejuni were also isolated from humans and urban and suburban frequenting
wild birds (Broman et al., 2004; Hubalek, 2004; Foster et al., 2006).
Wild birds that establish their habitat close to human environments are also implicated
in the dissemination of organisms that carry genetic determinants of resistance to
antimicrobial drugs of importance to human and veterinary medicine (Kuhnert, et al., 2000;
Hernandez et al., 2013; Maal-Bared et al., 2013). Tetracycline, ampicillin, streptomycin,
cephalothin and sulfathiazole resistant E. coli have been isolated from blackbirds, gulls and
Canada geese that were sampled near livestock facilities (Cole et al., 2005; Radhouani et al.,
2014). Similar sequence types of extended spectrum beta-lactamase producing E. coli were
also isolated from Franklin’s gulls (Leucophaeus pipixcan) and humans living in the same
area, suggesting possible inter-species exchange of resistant genetic elements (Hernandez et
al., 2013).
Birds that forage in agricultural environments may acquire zoonotic pathogens and
antimicrobial resistant organisms from animal manure deposits. Birds can contaminate
livestock feed and water sources with their droppings and spread pathogens and antimicrobial
resistant genetic elements within and among different agricultural fields (Fenlon, 1985;
Daniels et al., 2003). They can also carry pathogens and resistant genes mechanically on their
feet and feathers and spread them to different locations (Carlson et al., 2015a). Populations of
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communal feeding birds, such as pigeons, gulls, waterfowl, blackbirds and starlings, that
frequent agricultural facilities can heavily contaminate cattle feed and water sources with a
variety of pathogens (Daniels et al., 2003). Similar molecular subtypes of E. coli O157:H7,
Salmonella and C. jejuni have been isolated from wild birds and cattle from the same farm as
well as among farms hundreds of kilometers apart, establishing the role of wild birds in the
dissemination of zoonotic pathogens within and among livestock facilities (Van Donkersgoed
et al., 2001; Nielsen et al., 2004; Hughes et al., 2009; Palomo et al., 2013).
European starlings: biology, feeding and roosting behaviours that contribute to the
spread of pathogens to livestock and humans
European starlings are medium sized birds; approximately 21 cm in body length, and
weighing 75 to 100 grams. Plumage colour slightly differs by season, and adult male and
female birds can be distinguished from each other by the colour of their beaks, eyes and
wings (Kessel, 1957; Feare, 1984). In summer, their feathers look lustrous purplish-green
with yellow beaks, whereas during winter their plumage changes to brown with white spots.
They have short tails and when they are flying their wings look short and pointed. They also
have powerful legs that enable them to walk on the ground for large portions of the day
(Feare, 1984).
European starlings, native to Eurasia, were first introduced to North America when 80
pairs of birds were released in Central Park, New York, in 1890 (Feare, 1984). By the late
20th century, numbers had grown to 200 million birds, representing one third of the world’s
starling population (Feare, 1984). Starlings are communal birds that feed and roost in large
numbers. They make their nests close to human habitats, in holes or crevices, in buildings,
trees and utility poles (Johnson and Glahn, 1994). The cost associated with the damage these
birds cause by feeding on agricultural crops and livestock feed motivated early studies of the
level of damage these birds caused directly to agriculture (Besser et al., 1968; Feare and
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Swannack, 1978; Feare and Inglis, 1979; Feare and Wadsworth, 1981; Feare et al., 1992).
Their feeding and roosting behaviours coupled with their flexibility to survive in urban and
rural environments recently resulted in interest in the public health implications of these birds
in terms of disseminating zoonotic pathogens (Corn et al., 2005; Wetzel and LeJeune, 2006;
Shwiff et al., 2012a).
Starlings are omnivorous and consume agricultural feeds and invertebrates. During
their breeding season in North America (spring and summer) starlings mainly feed on insects
and invertebrates such as adult and larvae stage of beetles, larvae of crane flies (Tipula
paludosa), and earth worms. However, beginning in early fall and throughout the winter,
access to invertebrates is scarce and a major shift in their diet is seen towards grains in
agricultural environments (Dunnet, 1955; Taitt, 1973). In particular, they depend commonly
on a balanced diet provided by livestock feed to efficiently meet their protein and energy
requirements (Feare, 1984; White et al., 1985).
Starlings are faithful to their feeding sites and they return to the same feeding areas
each day (Bray et al., 1979; Homan et al., 2010). They typically travel 24 to 60 km from their
night roosting site to their daily feeding site (Feare, 1984; LeJeune et al., 2008; Homan et al.,
2010). However, starlings from a large night roost can be tracked up to 80 km away when
there is high competition for feed among farms closer to their roosting sites (Hamilton and
Gilbert, 1969). The return flights to the night roosts are very “leisurely” with birds stopping
frequently in different locations to feed (LeJeune et al., 2008). They are joined by flocks from
different locations during their return flights so that a large number of starlings assemble on
farms close to night roost sites before spending the night in these roosts (Jumber, 1956).
Due to their communal behaviour, starlings’ night roosts are occupied by large
numbers of birds (Dolbeer, 1982; LeJeune et al., 2008). They roost on dense shrubs, trees,
livestock barns, utility poles, warehouses and other human built structures (Jumber, 1956).
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However, they can change roosting locations within a year when seasons change. Their
summer and fall roosting sites are mainly deciduous trees, but when the trees start losing their
leaves in winter, they roost in barns, buildings and under bridges (White et al., 1985). Some
roost sites are only inhabited by starlings, whereas there are large roost sites formed by
starlings roosting mixed with other species of birds such as red-winged blackbirds (Agelaius
phoeniceus), common grackles (Quiscalus quiscula), brown-headed cowbirds (Molothrus
ater), American robins (Turdus migratorius), and mourning doves (Zenaida macroura)
(Ward and Zahavi, 1973).
Starlings are short distance migrants and they can have migrant and non-migrant
individuals in the same flock; some birds migrate certain years, but remain in their same
general location across seasons in other years (Dolbeer, 1982; Homan et al., 2012). Their
migration behaviour and pattern is not consistent and young starlings during their first and
second year of life select random locations along their migration route for breeding. This is
one factor used to explain their distribution across North America (Kessel, 1953). Although
young starlings move further south in their first winter, birds in all age groups have been
observed migrating. Migrant starlings in North America migrate from mid-February to the
end of March, and again from late September through November (Kessel, 1953).
Starlings have been implicated in disseminating bacterial, viral, fungal and parasitic
pathogens associated with agricultural, animal and zoonotic diseases. Some of the zoonotic
diseases that have been associated with starlings include blastomycosis, capillariasis,
chlamydiosis, coccidiosis, erysipelas, histoplasmosis, pasteurellosis, St. Louis encephalitis,
salmonellosis, schistosomiasis, toxoplasmosis, yersiniosis, listeriosis, transmissible
gastroenteritis and Eastern equine encephalitis (Weber, 1979; Komar et al., 1999). They have
also been documented as carriers of West Nile virus (Rappole and Hubalek, 2003), C. jejuni
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(Broman, et al., 2004; Sanad, et al., 2013), E. coli O157:H7 (LeJeune et al., 2008; Williams et
al., 2011), and Mycobacterium avium subspecies paratuberculosis (Corn et al., 2005).
Studies have also established starlings as carriers and reservoirs of antimicrobial
resistant Salmonella, E. coli and Campylobacter species (Guenther et al., 2010; Sanad et al.,
2013; Carlson et al., 2015b). Genotypically identical subtypes of antimicrobial resistant C.
jejuni, S. enterica and E. coli were isolated from starlings and cattle fecal samples collected
on the same and different cattle farms (Nielsen et al., 2004; Sanad et al., 2013; Carlson et al.,
2015a). Starlings’ close association with livestock and humans coupled with their communal
feeding and roosting behaviour is a concern to public health due to the large density of bird
excreta that accumulates on farms and urban/suburban environments.
Main foodborne bacterial zoonotic pathogens and associated antimicrobial resistance
determinants spread by wild birds
Wild birds can maintain zoonotic pathogens in the environment and spread them to
different geographical locations (Hubalek, 2004; Smith et al., 2014). A few studies have
linked wild birds with direct transmission of foodborne pathogens (Skov et al., 2008; Lawson
et al., 2014), while several studies have emphasized their indirect involvement in the
transmission of foodborne zoonotic pathogens by contaminating urban and suburban human
residential areas and agricultural facilities (Girdwood et al., 1985; Foster et al., 2006;
Kauffman and LeJeune, 2011). They can infect livestock environments by depositing their
contaminated excreta on livestock feed and water sources. They can also carry contaminated
livestock feces on their feathers and feet and disseminate the pathogens to locations beyond
their origin (LeJeune et al., 2008; Kauffman and LeJeune, 2011; Carlson et al., 2015b). Wild
birds have been implicated as reservoirs and vectors of antimicrobial resistant organisms
(Dolejska et al., 2007; Maal-Bared et al., 2013).
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Zoonotic foodborne pathogens such as verotoxigenic E. coli, Salmonella and
Campylobacter spp., Mycobacterium avium subsp. paratuberculosis and Listeria
monocytogenes have been isolated from wild birds (Corn et al., 2005; Hellstrom et al., 2011;
Callaway et al., 2014). However, foodborne illnesses due to E. coli O157:H7, Salmonella and
Campylobacter spp. are most frequently reported in North America (Scallan et al., 2011).
Therefore, this section is focused on the role of wild birds in the dissemination of these three
foodborne zoonotic pathogens and antimicrobial resistance in these pathogens.
1) Escherichia coli O157:H7
Escherichia coli O157:H7 can be a causative agent of serious gastroenteritis, bloody
diarrhea and hemolytic uremic syndrome in humans. Although death is rarely reported in
developed countries, nearly 3800 laboratory confirmed human cases of E. coli O157:H7 are
reported in the US annually (Scallan et al., 2011). In Canada, on average 208 hospitalizations
and 7 deaths are reported every year (Thomas et al., 2015). Human infections can occur
directly or indirectly through animal-to-human, human-to-human, waterborne or foodborne
transmission. Studies have established wild birds as vectors of this bacterium in human and
livestock environments (Ferens and Hovde, 2011; Callaway et al., 2014).
Escherichia coli O157:H7 was first isolated from wild bird droppings of gulls (Larus
spp.) living near urban landfills and along the coastline in the UK (Wallace et al.1997). Since
then, E. coli O157 has been isolated from a number of bird species, including feral pigeons,
northern lapwings (Vanellus vanellus), crows, western jackdaws (Corvus monedula), brownheaded cowbirds, common grackles, cattle egrets (Bubulcus ibis) and European starlings
(Shere et al., 1998; Morabito et al., 2001; LeJeune et al., 2008; Maal-Bared et al., 2013).
Other Verotoxigenic Escherichia coli have also been isolated from gulls, house finches,
house sparrows (Passer domesticus) and pigeons (Foster et al., 1998; Pennycott et al., 1998;
Morabito et al., 2001).

12
Studies have reported the prevalence of E. coli O157 isolated from excreta, cloaca and
intestinal contents of wild birds ranging from 0.9 to 7.8% (Wallace et al., 1997; Shere et al.,
1998; Rice et al., 2003; LeJeune et al., 2008; Callaway et al., 2014; Gargiulo et al., 2014).
Prevalence is affected by several factors including bird species, sampling season, habitat and
geographical location of samples and isolation procedures (Wallace et al., 1997; Gargiulo et
al., 2014). For instance, the prevalence of E. coli O157 from wild birds’ excreta that included
mainly herring gulls, black-headed and common gulls from urban landfills and intertidal
coastline in England was 0.9% and 2.9%, respectively (Wallace et al., 1997), while it ranged
from 1.7% to 10% among pigeons samples from coastal areas in Italy using cloacal swabs
(Gargiulo et al., 2014). During the later study, conducted between 2007and 2011, seasonal
variation was observed with significantly higher prevalence (14.1%) in warm seasons (spring
and summer) than (1.6%) in cold seasons (winter and fall). In US cattle farms, the prevalence
of E. coli O157:H7 from intestinal contents of starlings in Ohio dairy farms was 2.2%
(LeJeune et al., 2008), and from cloacal swab of sparrows, pigeons and starlings in Wisconsin
cattle farms was 1.4% (Shere et al., 1998). A higher prevalence was detected from cecal
contents of brown-headed cowbirds (3.6%) and common grackles (5.9%) sampled during the
fall migration on cattle farms in Texas (Callaway et al., 2014).
Transmission of E. coli O157:H7 between cattle and birds that live in close
association has been documented (Foster et al., 2006; Kauffman and LeJeune, 2011). Wild
birds have been associated with spreading of E. coli O157:H7 among cattle farms (LeJeune et
al., 2008). Starling density was associated with a higher prevalence of E. coli O157:H7
among dairy cattle (Cernicchiaro et al., 2012). Additionally, significant spatial clusters of E.
coli O157:H7 positive bovine fecal samples were identified in dairy farms closer to starling
night roosts (Swirski et al., 2014). In addition, indistinguishable pulsed field gel
electrophoresis (PFGE) subtypes of E. coli O157 were identified from wild birds and cattle
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on the same farm in Denmark (Nielsen et al., 2004). Identical molecular subtypes, based on
multiple-locus variable number tandem repeat analysis (MLVA), of E. coli O157:H7 were
also isolated from wild birds and cattle on different dairy farms in Ohio, USA (Wetzel and
LeJeune, 2006; Williams et al., 2011). Virulence genes of E. coli O157, vtx2, eaeA and hlyA,
were detected in pooled fecal samples collected from blackbirds, house sparrows,
greenfinches, and chaffinches that frequent livestock farms in the UK (Foster et al., 2006).
Indistinguishable E. coli O157 PFGE subtypes with virulent vtx2 genes were also isolated
from human cases and rook fecal samples (Ejidokun et al., 2006).
2) Salmonella enterica
Salmonellosis is one of the most important foodborne diseases in humans. In the US,
around one million cases, 19,000 hospitalizations and 380 deaths due to Salmonella infection
are reported every year (CDC, 2015); while 857 hospitalizations and 16 deaths are reported in
Canada (Thomas et al., 2015). The genus Salmonella encompasses more than 2,600 serotypes
and affects a wide range of animal species. However, S. Typhimurium and S. Enteritidis are
the most commonly reported serovars in humans (Pederson and Clark, 2007; Rabsch et al,
2007). While salmonellosis is mostly associated with consumption of contaminated pork,
beef, and poultry meat and eggs, Salmonella contaminated livestock environments could
enhance the likelihood of infection of food animals.
Salmonella Typhimurium is the predominant serovar associated with infection and
mortality in wild birds; however, serovars of S. enterica, including S. Enteritidis, S. Derby S.
Montevideo, S. Panama and others have been isolated from cowbirds, gulls, ducks
(Anatidae), terns (Sternidae), passerines (Passeriformes), common grackles and European
starlings (Kirk et al., 2002; Hubalek, 2004; Tizard et al., 2004). Wild birds are mostly
asymptomatic carriers of Salmonella spp. and this bacterium can be recovered from bird
intestines without evidence of pathological lesions (Kapperud and Rosef, 1983; Mikaelian, et
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al., 1997). However, outbreaks of clinical Salmonella infections have been documented,
particularly in passerines and cowbirds exposed to fecal contaminated bird feeders and
surface waters (Tizard, 2004). Mortality due to salmonellosis also occurs when birds are
stressed from food shortages or harsh weather conditions (Tizard, 2004). Cases of Salmonella
Typhimurium infection have also been reported in great horned owls (Bubo virginianus),
black-legged kitiwakes (Rissa tridactyla), ring-billed gulls (Larus delawarensis) and house
sparrows in Québec, Canada, but further sequencing was not reported to establish the genetic
relatedness with human cases (Mikaelian et al., 1997).
Wild birds transmit Salmonella to human populations and livestock directly and
indirectly through their contamination of human and livestock farm environments, produce
and water sources with their excreta (Hanning, et al., 2009; Hilbert, et al., 2012). Direct
acquisition of human infections from wild birds has been reported during Salmonella
outbreaks (Thornley et al., 2003; Skov et al., 2008). For instance, a case-control study
conducted during a Salmonella outbreak in New Zealand found an association between direct
handling of wild birds and S. Typhimurium DT160 infection of human cases (OR=12.3, 95%
CI: 2.8 – 54.6); (Thornley et al., 2003). A similar association (OR= 9.0, 95% CI: 2.0 – 44.3)
was reported in another case-control study that was conducted during a Salmonella outbreak
in Norway (Kapperud et al., 1998). Studies have also suggested a possible transmission of S.
Typhimurium to humans from domestic cats that consumed sick birds (Tauni and Osterlund,
2000; Tizard, 2004). The spread of Salmonella to livestock environments by wild birds has
frequently been reported (Alley et al., 2002; Hanning et al., 2009; Carlson et al., 2011). The
prevalence of S. enterica in cattle feed and water was lower in concentrated animal feeding
operations (CAFOs) that controlled starling populations compared to CAFOs where starling
control was not implemented (Carlson, et al., 2011).
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Identical PFGE subtypes of S. enterica were isolated from starling gastrointestinal
samples, external starling washes, bovine feces, feed and water troughs that were collected
from CAFOs between 2009 and 2012, implicating starlings in a possible long term
persistence of Salmonella spp. in the environment (Carlson et al., 2015a). In addition,
indistinguishable PFGE profiles of S. Typhimurium were identified from dead sparrows,
human cases and livestock during an outbreak in New Zealand (Alley et al., 2002). Similar
MLVA subtypes of S. Typhimurium were also identified from isolates collected from dead
and sick finches, sparrows, and livestock (cattle, chicken, horses) indicating possible
interspecies transmission (Horton et al., 2013).
Several studies demonstrated that birds can spread antimicrobial resistant Salmonella
spp. among different geographical locations (Palmgren et al., 1997; Botti et al., 2013; Palomo
et al., 2013; Carlson et al., 2015b). Salmonella species carried by wild birds can be resistant
to multiple antimicrobials such as tetracyclines, sulfonamides, ampicillins, streptomycins and
quinolones (Doljeska et al., 2009; Botti, et al., 2013; Carlson et al., 2015b; Janecko et al.,
2015) and resistance to at least one class of antimicrobials is very common (Botti et al.,
2013). Multidrug resistant Salmonella spp. have been isolated from samples that were
collected from gastrointestinal contents and feet of starlings, feral pigeons, black-headed
gulls, herring gulls (Larus argentatus) and great cormorants (Phalacrocorax carbo)
suggesting the potential of birds to disseminate resistant organisms mechanically and
biologically (Kobayashi et al., 2007; Carlson et al., 2015b). Moreover, antimicrobial resistant
S. enterica with indistinguishable PFGE profiles were isolated from starling gastrointestinal,
and external wash samples and cattle fecal samples collected from the same CAFO (Carlson
et al., 2015b). The involvement of birds in the transmission of antimicrobial resistant bacteria
can undermine efforts to decrease and control antimicrobial resistance on livestock facilities.
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3) Campylobacter spp.
Campylobacter jejuni is one of the most commonly reported bacterial agents of
human foodborne gastroenteritis in the US, and accounts for about 80% of human
campylobacteriosis cases (Altekruse et al., 1999; Moore et al., 2005; Scallan et al., 2011). In
addition to the gastrointestinal symptoms, Guillain-Barre syndrome and reactive arthritis are
sequelae that can result from Campylobacter infections (Altekruse, et al., 1999).
Consumption of undercooked or contaminated chicken meat is the leading risk factor for
human campylobacteriosis, while consumption of unpasteurized milk, contaminated water,
and other red meats also contribute to a significant number of infections (Humphrey and
Beckett, 1987; Moore et al., 2005). Of the reported outbreaks in the US between 1999 and
2008, foodborne outbreaks accounted for 85% of the cases while waterborne and animal
contact accounted for 9% and 3%, respectively (Taylor et al., 2013). On average, 598 annual
hospitalizations and six deaths are reported in Canada (Thomas et al., 2015). Campylobacter
commonly inhabits the intestinal tract of food animals. Therefore, contaminated livestock
facilities can increase the bacterial burden in the intestines of livestock potentially leading to
increased carcass contamination at slaughter plants.
Wild birds are implicated as carriers and reservoirs of Campylobacter spp.
Campylobacter jejuni is most frequently isolated from wild birds; C. coli and C. lari are
detected less frequently (Hubalek, 2004; Colles et al., 2008). Campylobacter jejuni has been
isolated from wild birds, such as crows, sandhill cranes (Grus canadensis tabida), ringnecked ducks (Aythya collaris), green-winged teal (Anas carolinensis), redhead (Aythya
american), mallards, Canada geese, Jackdaws, magpies (Pica pica), and herring gulls
(Luechtefeld et al., 1980; Pacha et al., 1988; Glunder et al., 1992; Sanad et al., 2013).
The prevalence of C. jejuni in wild birds is high (Pacha et al., 1988; Jones, 2001). For
instance, the prevalence of C. jejui from cloacal swabs of crows in an urban environment in
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Norway was close to 90% (Kapperud and Rosef, 1983). The prevalence of C. jejuni in Ohio
dairy farms in starling fecal samples was 50%, which was considerably higher than the 37%
detected in dairy cattle from the same farms (Sanad, et al., 2013). High prevalence of wild
birds shedding of C. jejuni increases the environmental contamination in farm environments,
and consequently is a food safety concern.
Molecular tests, using PFGE and multilocus sequence typing, have identified
genotypic similarities among C. jejuni isolates from wild birds such as starlings, blackbirds,
ducks, and cattle (Broman et al., 2004; Kwan et al., 2008; Sanad et al., 2013). Campylobacter
jejuni isolates from starlings and blackbirds show similar PFGE sub-types as those isolated
from humans (Broman et al., 2004). Identical sequence types of C. jejuni have been isolated
from wild birds and water sources implicating wild birds as possible sources of
contamination (Kwan et al., 2008). Molecular sequencing of seven housekeeping genes of C.
jejuni indicated that wild birds can carry both livestock associated strains and strains that are
unique to birds (Kwan et al., 2008; Hughes et al., 2009). Therefore, there is a possibility that
wild birds that frequent poultry houses and cattle farms can transmit C. jejuni to domestic
poultry and cattle (Craven et al., 2000; Kwan et al., 2008). Starlings and dairy cattle share
several similar genotypes of C. jejuni (Sanad et al., 2013). Therefore, cattle can be exposed to
C. jejuni from the environment and water sources contaminated by wild birds. Similar PFGE
subtypes of C. jejuni were also isolated from humans and wild birds (i.e., starlings and
blackbirds) that live close to human environments highlighting the role of wild birds as
potential zoonotic “vectors” of this bacterium (Broman, et al., 2004).
Some livestock associated Campylobacters isolated from wild birds are resistant to
many antimicrobials (Hughes, et al., 2009). Genetically related C. jejuni isolates from cattle
and starlings showed multi-drug resistance to tetracycline, ciprofloxacin, erythromycin, and
gentamycin on Ohio dairy farms, providing further evidence for the potential exchange of
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resistant genetic elements or bacteria between the two animal species (Sanad, et al., 2011;
Sanad, et al., 2013). Fluoroquinolone resistant C. jejuni have also been isolated from wild
birds in Sweden and Spain (Waldenström et al., 2005; Molina-Lopez et al., 2011) suggesting
that birds may act as possible reservoirs for fluoroquinolone resistant strains of this
bacterium to agricultural animal species.
The prevalence of ciprofloxacin and erythromycin resistant Campylobacter in Ohio
dairy cattle was 21% and 7% respectively (Sanad et al., 2013). Moreover, despite the
withdrawal of fluoroquinolone use from US poultry production in 2005, quinolone resistant
Campylobacter in retail chicken meat increased from 15% in 2004 to 22% in 2011 (FDA,
2011). Discontinuing antimicrobial usage on farms might not result in reducing antimicrobial
resistant Campylobacter on the farm or meat products when there are other means of
transmission (McCrackin et al., 2015). This is especially true, when resistant elements can be
spread by wild birds. Although fluoroquinolone resistant Campylobacter is quite prevalent in
livestock farms and in retail meat, fluoroquinolones and macrolides are still widely used in
treating campylobacteriosis in humans (Nelson et al., 2007; Pham et al., 2015). As wild birds
may acquire antimicrobial resistant bacteria from human sewage and refuse and spread to
livestock facilities, the density of wild birds in a farm environment is a potential concern in
the control of the foodborne transmission of antimicrobial resistance (Shobrak, and AboAmer, 2014).
4) Antimicrobial resistant E. coli carried by birds
Wild birds carrying resistant strains of E. coli may spread resistant plasmids to
humans and livestock environments (Kanai et al., 1981). Extended-spectrum beta lactamase
producing E. coli, a concern to public health, have been isolated from wild birds (Guenther et
al., 2011). Escherichia coli isolates from 40 different common European bird species that
were sampled in Germany exhibited multi-drug resistance towards commonly used
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antimicrobials in human medicine, such as beta-lactams, aminoglycosides, fluoroquinolones,
tetracyclines and sulfonamides (Guenther et al., 2010). A similar observation was
documented from wild birds sampled in the US. Approximately, 50% of E. coli isolates
recovered from starlings in Kansas feedlots were resistant to at least one antimicrobial that
included (gentamicin, streptomycin, trimethoprim/sulphamethoxazole, kanamycin,
chloramphenicol, ampicillin, and tetracycline); the highest prevalence of resistance was seen
towards tetracycline (96%) and ampicillin (45%) (Gaukler, et al., 2009). The fact that wild
birds can be carriers of organisms that are resistant at such a high prevalence to
antimicrobials of importance to human health is a concern because of the large range over
which some birds can travel and their potential to disseminate these organisms to human
environments (Bonnedahl and Jarhult, 2014). Antimicrobial resistant E. coli in the
environment are especially concerning due to the potential transfer of resistance genes to
pathogenic strains of E. coli and other bacteria (Maal-Bared et al., 2013).
Generally, exposure of food animals to zoonotic pathogens and antimicrobial resistant
organisms on farm is impairing efforts to ensure pre-harvest food safety (Smith et al., 2010).
Interventions to reduce the exposure of food animals should incorporate biosecurity measures
to deter wild birds from livestock facilities (Callaway et al., 2014). However, the most
appropriate, effective, environmentally, and socially acceptable means to deter wild birds
from these facilities needs further investigation.
Economic and public health implications of European starlings and potential
interventions to control their populations
1. Economic and public health implications
Starlings are attracted to livestock facilities due to the year round feed supply that
provides them with a complete diet to fulfill their daily energy requirements efficiently (Feare
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et al., 1984). However, this poses a problem for livestock nutrition. For instance, most dairy
farms feed their cows on total mixed rations that comprises all the nutrients needed for the
cows, but starlings select the most nutritious parts of the feed altering the nutritional value of
the ration (Crabb, 1978; Depenbusch et al., 2011). Particularly during winter, when natural
sources of food are scarce, starlings fulfill their protein requirements by consuming
components of cattle feed with a higher proportion of protein (Crabb, 1978). Barley that is a
high energy source for cows is also a preferred feed for starlings (Wright, 1973).
Consequently, large numbers of starlings foraging at livestock facilities can compromise
cattle weight gain.
For decades, researchers have recognized the cost associated with starlings eating
cattle feed. Feare and Wadsworth (1981) reported that starlings consumed more than 10,000
kg of cattle feed from five farms during a study conducted in England over the winters of
1975 and 1976. The cost of cattle feed consumed by starlings during the winters in the 1960s
in Denver, Colorado was estimated to be $85 (US) per 1000 starlings (Besser, et al., 1968).
When projected to current costs the loss is equivalent to $581 (US) per 1000 starlings (US
Department of Labor, 2016).
Starlings also consume agricultural products such as fresh seedlings, fruits and crops;
including apples, apricots, blueberries, cherries, figs, grapes, nectarines, olives, peaches,
persimmons, plums and strawberries (Feare, 1984). These birds consume half to one third of
their body weight per day, and the damage to an agricultural operation is amplified due to
starlings’ habit of congregating and feeding in large numbers (Feare and Swannack, 1978;
Feare and Wadsworth, 1981). In the US, the total yearly estimated cost of damage to
agricultural products due to starlings was $800 million (US) (Pimentel et al., 2000).
As previously discussed, starlings can shed more than 25 animal and human
pathogens (Weber, 1979) including zoonotic pathogens, such as E. coli O157:H7,
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Campylobacter and Salmonella spp. (Williams et al., 2011; Carlson et al., 2012). However,
the economic impact of spreading these pathogens to animals and humans is not well
documented. Previous studies have documented the difficulty of accounting for the cost of
these birds disseminating animal and zoonotic pathogens due to factors that cannot be
measured accurately (Feare, 1984). For instance in an urban settings, it is difficult to account
for the number of human cases of disease that result from these birds contaminating areas
near their roosting sites (Feare et al., 1984). In an effort to quantify the veterinary costs
incurred by Pennsylvania dairy farms due to European starlings, researchers from the
National Wildlife Research Center have estimated the impact of starling populations on the
incidence of Johne’s disease and Salmonella (Shwiff, 2012b). The incidence of Johne’s
disease and Salmonella in farms with large starling populations were 148% and 900% larger,
respectively, when compared to farms with lower starling populations. Although the costs of
starlings’ disseminating pathogens and antimicrobial resistant organisms to humans and food
animals is understandably difficult to assess, a reasonable estimate is necessary in order to
develop cost-effective bird control strategies.
2. Potential interventions
European starlings have been identified as one of the worst 100 invasive species in
North America (Lowe et al., 2000). Due to damage to agriculture, loss of livestock feed, and
potential health risks to humans and animals, several researchers have been interested in
controlling European starling populations. Consequently, a variety of control methods have
been implemented or suggested to deal with this species (Feare and Swannack, 1978; Feare
and Inglis, 1979; Feare et al., 1992; Johnson and Glahn, 1994; Cummings et al., 2002).
Some of the most commonly used methods to control and reduce starling numbers on
farms include frightening the birds, fumigation, trapping, and the use of avian repellents and
starlicides, such as DRC-1339 (3-chloro-4-methylaniline hydrochloride, also 3-chloro p-
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toluidine hydrochloride, 3-chloro-4-methylaniline); (Johnson and Glahn, 1994). The slow
acting chemical, DRC-1339 has been shown to be effective in reducing starling numbers in
livestock facilities with limited harm to non-targeted bird and mammalian species (Besser et
al., 1967; Cummings et al., 2002).
Several non-lethal alternatives are available for starling control in livestock facilities
(Feare and Swannack, 1978; Feare and Wadsworth, 1981; Johnson and Glahn, 1994).
Preventing feed and water access to starlings, feeding livestock in the late afternoon or at
night when starlings are not active on farms, leaving waterers dry, deterring starlings from
roosting in buildings and trees by closing buildings and trimming tree branches are some of
the alternatives. Modifying feeding and manure management in livestock farms, such as
feeding cattle indoors, restricting feed leftovers on farm premises, and denying access to
fresh manure have also been recommended (chapter 2; Medhanie et al., 2015).
Lethal methods of control offer temporary solutions because the starling population
can recover over time once the control methods are withdrawn. Moreover, there are occasions
that non-targeted animals can be victims of lethal operations (Twedt and Glahn, 1982). In an
effort to control wildlife (carnivorous mammals) in South African livestock farms, non-lethal
methods were found to be more effective in terms of decreasing the damage that would be
caused by wildlife and the cost of control methods (McManus, et al., 2014). Similar studies
that include wild birds are needed to investigate the benefits of non-lethal control methods in
North America.
STUDY RATIONALE AND OBJECTIVES
Wild birds are potentially important disseminators of zoonotic and antimicrobial
resistant pathogens and dairy farms are attractive facilities to wild birds. Consequently,
research on the role of wild birds in the transmission of zoonotic pathogens and antimicrobial
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resistant organisms in these facilities is important for animal and public health. This thesis is
focused on European starlings and their role in the epidemiology of zoonotic and
antimicrobial resistant pathogens on dairy farms. Previous studies reported starling density as
a risk factor for the presence of E. coli O157:H7 in fecal pats of dairy cattle in Ohio
(Cernicchiaro et al., 2012), and the role of starling night roosts as centers for the
dissemination of E. coli O157 among dairy farms (Swirski, et al., 2014). This thesis is part of
continued efforts to understand the role of starlings in the spread of zoonotic and
antimicrobial resistant organisms in the farm environment. In particular, understanding
whether the dissemination of antimicrobial resistant organisms is similarly affected by
starling density and roosting behaviour is critical in understanding the impact of these birds
on public and animal health. Moreover, in order to control starling density on dairy farms, it
is necessary to understand the temporal pattern of their fecal contamination on farms and
identify environmental and management factors that attract them to these farms. Therefore,
the aims of this thesis were to:
1. Identify farm management factors and farm structural features that influence the
density of European starlings on dairy farms.
2. Understand the temporal pattern of contamination of cattle feed by European starling
excreta on dairy farms, and evaluate the temporal pattern of E. coli O157:H7 and
Salmonella spp. isolation in relation to the absolute mass of bird excreta.
3. Investigate whether starling night roosts could be centers for the dissemination of
antimicrobial resistant bacteria to dairy cattle farms.
4. Determine whether the density of starling populations visiting dairy farms is
associated with the prevalence of antimicrobial resistant bacteria in dairy cattle fecal
pats.
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CHAPTER TWO

DAIRY CATTLE MANAGEMENT FACTORS THAT INFLUENCE ON-FARM
DENSITY OF EUROPEAN STARLINGS IN OHIO, 2007 – 2009
(Medhanie et al. as published in Preventive Veterinary Medicine 2015; 120 (2) 160-8)
ABSTRACT
Potential dairy farm management and environmental factors that attract European
starlings (Sturnus vulgaris) to dairy farms were explored. During the period from 2007 to
2009, 150 dairy farms were each visited twice (once during the summer and again in the fall)
and the number of starlings was recorded. Risk factors were assessed for possible association
with the number of starlings per milking cow (starling density), using a zero-inflated negative
binomial model. Starling density was higher on farms visited in 2007 compared to those
visited in 2008 or 2009. The interaction term between feeding method and feeding site was
significantly associated with starling density on farm; generally, feeding outdoors was
associated with increased starling density. The odds of a zero starling count (compared to a
count greater than zero) was higher on farms that removed manure from barns weekly or less
frequently than weekly compared to those that removed manure daily or after every milking.
The odds of a zero starling count decreased with increasing distance of a farm from the
closest night roost. Identifying on farm risk factors that expose farms to starlings will help
farmers develop strategies that minimize the number of birds on their farms and thereby
reduce physical damage to the farms as well as the potential for pathogen transmission from
birds to cattle and humans.
Key words: dairy farm, feed, negative binomial, roost, starlings, zero-inflated
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INTRODUCTION
European starlings are invasive and migratory birds that easily adapt to new
environments (Feare et al., 1992). As a result, they have displaced several native bird species
(Linz et al., 2007). They also destroy crops and consume livestock feed resulting in
considerable economic losses to livestock industries. For instance, Feare and Wadsworth
(1981) found that starlings consumed more than 10,000 kg of cattle feed from five farms
during a study conducted in England over the winters of 1975 and 1976.
The perennial availability of food and water makes dairy farms attractive facilities to
wild birds that frequent agricultural environments (Johnson and Glahn, 1994). European
starlings (Sturnus vulgaris), English sparrows (Passer domesticus) and pigeons (Columba
livia) are some of the wild birds that frequently visit dairy farms (Gough and Beyer, 1981;
Cernicchiaro et al., 2012). Unlike English sparrows and pigeons, European starlings do not
roost and forage at the same location (Gough and Beyer 1981), but travel away from their
roosting sites searching for food (Johnson and Glahn, 1994; LeJeune et al., 2008). Although
starlings are faithful to their major feeding sites (Bray et al., 1975; Homan et al., 2013); they
can also have additional feeding sites (Glahn et al., 1987; Caccamise 1990).
These behaviours combined with their habit of moving among, as well as within,
different areas of the same livestock farm, mean that starlings have the potential to
disseminate pathogens to animals and humans (Gough and Beyer 1981). European starlings
have been implicated in the transmission of pathogens such as Escherichia coli O157:H7
(Williams et al., 2011; Cernicchiaro et al., 2012; Swirski et al., 2013); Salmonella (Carlson et
al., 2012), Campylobacter (Sanad et al., 2013), and Mycobacterium avium subspecies
paratuberculosis (Corn et al., 2005) among cattle.
The association between the prevalence of E. coli O157:H7 and starling density in
Ohio dairy farms has been investigated previously (Cernicchiaro et al., 2012). In that study,

40
the prevalence of E. coli O157:H7 in cattle fecal pats was positively associated with starling
density, supporting the hypothesis that these birds spread pathogens among dairy farms. This
finding was further supported by the similarities in multiple-locus variable-nucleotide tandem
repeat analysis (MLVA) subtypes of E. coli O157:H7 found in isolates from bovine and
starling samples collected on different farms (Williams et al., 2011).
Understanding the factors that influence starling preference for particular farms could
provide dairy producers and farm managers with the necessary information to reduce the
population of starlings on their farms using non-lethal approaches. Consequently, the
objective of our study was to identify farm management factors and farm structural features
that influence the density of European starlings on dairy farms.
MATERIAL AND METHODS
Data description
Data used in this study were collected for a previous study investigating associations
between risk factors and the prevalence of E. coli O157:H7 carriage in cattle from Ohio dairy
farms following the standard protocol recommended by research partners from the USDA
National Wildlife Research Center (Great Plains Field Station, Bismark, ND, USA)
(Cernicchiaro et al., 2012). One hundred and fifty dairy farms were each visited twice; once
during the summer (June to August) and again in the fall (September to November); in 2007
(n = 31 farms), 2008 (n = 54), or 2009 (n = 65), except for one farm that was visited on three
occasions in one year. On each visit, the number of starlings was counted on three areas of
the farm (barns, feed storage, and manure storage) by one to three trained observers during
the time of the day when starlings most frequently visit farms during these seasons (08:30 to
16:40 h) (Cernicchiaro et al., 2012). Birds were counted four times within an hour (every 10
minutes for 5 minutes). The highest of the counts among the counting periods was recorded
as the number of starlings on the farm.

41
A questionnaire was administered to the farm owner or manager during the farm
visits, and the following management and environmental factors were investigated: (1)
temporal variables; (2) facility design; (3) feeding practices; (4) water source; (5) manure
management; (6) distance of the dairy farm from the four known night roost sites and
distance from the closest roost site; and (7) other management factors (Table 2.1). Number of
starlings on the farm was also recorded during these visits. Details regarding farm recruitment
and questionnaire administration are described in Cernicchiaro et al. (2012). Categories were
combined as “other” if the number of observations within certain categories were less than
five (Table 2.1).
Data analysis
Analyses were performed using Stata 13.1 MP statistical software (College Station,
Texas, USA) using two-tailed tests with a significance level of α = 0.05, except for the
screening of variables in the unconditional models, for which the significance level was α =
0.2. The following regression approaches were investigated to model these count data: (1)
Poisson with a random intercept for farm; (2) negative binomial with a random intercept for
farm; (3) zero-inflated Poisson (ZIP); and (4) zero-inflated negative binomial (ZINB). Zeroinflated models fit two models simultaneously to account for excess zero counts: (1) the
count portion, i.e., a Poisson/negative binomial model for the number of starlings that visited
the farm per milking cow, which is the portion that estimates the rate ratio; and (2) the
inflated portion, which estimates the log odds of a zero count of starlings (compared to a
count greater than zero).
Model building
For the random intercept Poisson and negative binomial models, variables that were
significantly associated with starling density in the unconditional analyses were considered
for inclusion in the multivariable models. The assumption of linearity of continuous exposure
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variables with the log of starling density was assessed visually using locally weighted
regression (i.e., using a lowess smoother).
For the ZIP and ZINB models, risk factors were examined for both the count and the
inflated portions of the models in the unconditional analyses. Variables that were
significantly associated with starling density in the unconditional analyses were considered
for inclusion in the multivariable models. The assumption of linearity of continuous exposure
variables with the log of starling density for the count portions of the models, or the log odds
of starling presence on a farm for the inflated portions of the models, was also assessed
visually using a lowess smoother.
For all of the models, if the linearity assumption was violated, we assessed whether
the variable could be modeled as a quadratic or whether a log or square root transformation
could achieve linearity. If the linearity assumption could not be met, the variable was
categorized based on quartiles. Collinearity between variables significant in the unconditional
analyses was assessed using Pearson correlation coefficients and Spearman’s rank correlation
statistic. If the Pearson or Spearman correlation coefficient between two exposure variables
was > |0.8|, only one of the variables, that makes the most biological sense was selected for
inclusion. The models were fitted manually using a backward elimination process in which
variables were removed if they were not: statistically significant (α = 0.05); confounding
variables; or part of a significant interaction term. A confounding variable was defined as a
non-intervening variable whose removal resulted in 20% or greater change in the coefficient
of another significant variable (Dohoo et al., 2009). During the removal of non-significant
variables from the model, we assessed if the coefficients of the remaining significant
variables in the model changed by ≥ 20%.
Due to a lack of independence between observations on the same farm, robust
standard errors for the zero-inflated models were estimated using the “vce (cluster)” option in
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STATA, which provides a robust variance estimator for cluster correlated data (Nødtvedt et
al., 2002; Lepeule et al., 2011; Byrne et al., 2013) and allows correlated errors within clusters
(Williams, 2000). This option was used throughout the model building process.
Possible two-way interactions between the variables included in the main effects
models were evaluated, and significant interaction terms were kept in the models. Contrasts
and graphical approaches were used to explore and interpret interaction effects. The
coefficients from the random intercept Poisson/negative binomial models and zero-inflated
models were exponentiated and interpreted as density ratios (DR). For the inflated portions of
the zero-inflated models, the coefficients were exponentiated and interpreted as odds ratios
(OR), as the outcome was the odds of a zero starling count. A DR or OR >1 indicates a
positive association whereas, DR or OR <1 indicates a negative association between the
outcome and the explanatory variables. The choice of the best model was based on an
assessment of fit using Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC) (Burnham and Anderson, 2002; Dohoo et al., 2009).
RESULTS
Data description
The analyses were based on 301 farm visits among 150 farms. The number of
starlings counted per visit ranged from 0 to 3000 (median = 10, IQR = 0 – 50). There were
124 visits (41.2%) with zero counts. Thirty-six farms had zero counts during both visits and
52 farms had zero counts during one visit. Seventy-one of the zero counts were in the
summer and 53 of the zero counts were in the fall. The median number of starlings per
milking cow was 0.08 (IQR = 0 – 0.5) (Fig. 2.1), mean 0.51 (95% CI: 0.36 - 0.65). The
median starling density in 2007 was 0.06 (IQR = 0 – 0.88); in 2008, 0 (IQR = 0 – 0.13) and
2009, 0.16 (0 – 0.61). The median starling density during summer and fall was 0.06 (IQR = 0
– 0.50) and 0.10 (IQR = 0 – 0.44), respectively.
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Statistical analysis
Comparison of the fit of the different models using the same fixed effects favored the
ZINB model based on the AIC and BIC (Table 2.2). Therefore, only the results of the ZINB
model are presented below. Following the unconditional analysis (overall P-value ≤ 0.2), year
of visit, presence of domestic animals on the farm, type of barn, stall bedding, feeding
method, feeding site, feed storage, feed type, manure storage, manure removal, and distance
from the closest starling roost were considered for inclusion in the multivariable model
(Table 2.3).
During the unconditional analysis, the distance of the farm from all four of the night
roost sites and from the closest roost site were significantly associated with the odds of a zero
count. However, there was a high correlation (r ≥0. 97) among these variables causing
concern about collinearity. Therefore, only the variable concerning the closest roost site was
considered for inclusion in the multivariable model.
The statistically significant variables in the count portion of the final model were year
of visit, feeding method, feeding site, and an interaction term between feeding method and
feeding site. The significant variables in the inflated portion of the model were frequency of
manure removal and the distance from the closest roost (Table 2.4).
The number of starlings per milking cow was the highest in 2007 compared to 2008
and 2009 (Table 2.4). However, there was no significant difference in the number of starlings
per milking cow in 2008 compared to 2009 (DR = 1.33, 95% CI: 0.84, 2.13; P = 0.229). The
odds of a zero starling count was higher for farms that removed manure less frequently
compared to those that removed manure daily (OR = 4.43, 95% CI: 1.47, 13.33; P = 0.002) or
after every milking (OR = 10.69, 95% CI: 3.29, 34.81; P < 0.001 (Table 2.4).
Feeding in an indoor aisle increased bird density compared to feeding in an indoor
bunk (Table 2.5). Furthermore, feeding in an indoor bunk reduced bird density compared to
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feeding in an outdoor bunk or feeding outdoor using another feeding method (e.g., bale ring,
pasture, hay ring, bunk on ground, or in parlor) but not compared to feeding in an outdoor
aisle. Feeding outdoor using another feeding method increased bird density compared to
feeding in an indoor aisle, indoor bunk, or feeding indoor using another feeding method.
Similarly, feeding outdoor using another feeding method increased bird density compared to
feeding in an outdoor aisle or outdoor bunk.
DISCUSSION
Our ZINB model was consistent with the hypothesis that zero counts could arise from
two processes. Using this approach, the risk factors identified with the count portion of the
model were mainly related to feeding management. Among the few studies that have been
conducted to investigate factors that attract starlings to livestock facilities, Feare and
Wadsworth (1981) stated that feeding cows indoor reduced the number of starlings that
visited the dairy farms. This is consistent with our finding that showed that the effect of the
feeding method on starling density was dependent on the feeding site. Bird density was
higher for farms that fed cows outdoor and for the most part in open areas, such as pasture or
bale rings, compared to farms that fed cows indoor in an aisle or feed bunk. Twedt and Glahn
(1982) also found that feeding cattle in raised troughs decreased the number of starlings in
cattle feed compared to feeding cattle in open spaces.
The year of observation was also significantly associated with the number of starlings
per milking cow, which could be due to factors such as temperature or unidentified factors
that can impact starling populations from year-to-year. However, different farms were visited
in different years; therefore, the year effect could also be due to aspects of management
practices among the farms sampled in different years. Year-to-year variability in the number
of starlings that forage at livestock farms was observed in the south-eastern United States,
and was attributed to the possible changing of roost sites (Glahn et al. 1987). Similarly, the
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dramatic decline of the starling population observed in Britain over a 40 year period was
related to changes in environmental factors (Robinson et al., 2005). The decrease of pasture
land and usage of insecticide were some of the reasons for the decline of starling numbers in
the U.K.
The odds of a zero starling count on farms that removed manure from barns weekly or
less frequently than weekly was higher compared to those that removed manure daily or after
every milking. This finding might be explained by the attraction of starlings to farms that add
fresh manure to the manure storage area frequently. Starlings spend a large amount of
foraging time searching for food in manure deposits (West et al., 1967), and they can be
attracted to manure storage areas because feed is often mixed with manure due to wastage
and/or the presence of undigested feed (Cernicchiaro et al., 2012). Invertebrates that might be
available in manure are also a source of food to starlings (Robinson et al., 2005).
Consequently, frequent removal of manure may provide easier access to feed in manure piles
or in the farm environment.
The odds of a zero starling count decreased as the distance of a farm from the closest
starling night roost increased, but there was no relationship between distance and starling
density in the negative binomial portion of the model. In the previous study by Cernicchiaro
et al. (2012), no significant association was identified between the prevalence of E. coli
O157:H7 in cattle fecal pats from these 150 farms and distance from the closest roost sites,
although starling density was significantly associated with prevalence of E. coli O157:H7.
Statistically significant spatial clusters of E. coli O157:H7 isolates from cows and starlings
that shared the same MLVA type were detected on dairy farms closer to night roosts (Swirski
et al., 2013). Caccamise and Morrison (1988) documented that supplemental feeding sites
were mostly located closer to roost sites than the major feeding sites, and that these sites were
the morning and evening staging areas for starlings. Furthermore, the return flight of starlings
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from feeding to roosting sites depends on light intensity and sunset time (Davis and
Lussenhop, 1970). Starlings tend to leave their major feeding sites and fly back to their night
roosts one to two hours before sunset (Feare 1984). In our study, birds were counted between
these staging periods. Some of the conflicting results concerning roost location, bird density,
and the spread of pathogens among farms may reflect differences in bird density during the
day and during staging periods when birds are leaving or returning to night roosts.
Frightening starlings, fumigation, trapping, and the use of avian repellents and
starlicides, such as DRC-1339 (3-chloro-4-methylaniline hydrochloride, also 3-chloro ptoluidine hydrochloride, 3-chloro-4-methylaniline) are currently used to discourage European
starlings from feeding and roosting around farms (Johnson and Glahn, 1994). DRC-1339 is
effective in lowering the number of starlings; however, occasionally it can be toxic to other
sensitive species of birds and mammals (Cummings et al., 2002; Homan et al., 2010).
Further, these methods offer temporary solutions because the starling population can recover
over time once the control methods are withdrawn (Twedt an Glahn, 1982). Non-lethal
strategies that minimize the number of birds attracted to a site might be the most effective
means to permanently reduce starling populations on dairy farms. Modifying feeding and
manure management, such as feeding cattle indoor, restricting feed leftovers on the farm
premises, and denying access to fresh manure might render the farm environment less
attractive to starlings. Consequently, such management systems should be evaluated in view
of their overall herd health benefits.
It should be noted that no adjustments were made for multiple testing in these
analyses, and that our P-values should be interpreted as exploratory in nature. There is also
some debate in the literature concerning the appropriateness of these adjustments for
multivariable models (Rothman 1990; Perneger 1998; Bender and Lang 2001; Gelman et al.,
2012).
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CONCLUSIONS
The major risk factors associated with the number of starlings per milking cow on
dairy farms in Ohio were related to feeding and manure management practices. This suggests
that access to feed on a farm has a major role in determining starling density during the
summer and fall months. Reducing starlings’ access to feed and cattle manure by feeding
cattle indoor rather than outdoor, and curbing or minimizing access to fresh manure, are
practical approaches to discourage starlings’ presence on dairy farms. Potential intervention
studies looking at the feasibility and impact of these changes are warranted.
ACKNOWLEDGEMENTS
This research was funded by the United States Department of Agriculture through
their National Research Initiative (USDA-NRI), Epidemiological Approaches to Food Safety
Grant # 2006-01227. Computational infrastructure was attained through a grant to D.L. Pearl
from the Canada Foundation for Innovation and the Ontario Ministry of Research and
Innovation. We thank Mr. William Sears for statistical consultation.
REFERENCES
Bender, R., Lange, S., 2001. Adjusting for multiple testing--when and how? J. Clin.
Epidemiol. 54, 343-349.
Burnham, K.P., Anderson, D.R., 2002. Model selection and multi-model inference: A
practical information –Theoretical approach, second ed. Springer.
Byrne, A.W., O'Keeffe, J., Sleeman, D.P., Davenport, J., Martin, S.W., 2013. Factors
affecting European badger (Meles meles) capture numbers in one county in Ireland. Prev.
Vet. Med. 109, 128-135.
Caccamise, D.F., 1990. Communal starling roosts: implications for control. Proc. Vertebr.
Pest Conf. 14:332-338.

49
Caccamise, D.F., Morrison, D.W., 1988. Avian communal roosting - a test of the patchsitting hypothesis. Condor 90, 453-458.
Carlson, J.C., Ellis, J.W., Tupper, S.K., Franklin, A.B., Linz, G.M., 2012. The effect of
European starlings and ambient air temperature on Salmonella enterica contamination within
cattle feed bunks. HumWildl Interact. 6, 64-71.
Cernicchiaro, N., Pearl, D.L., McEwen, S.A., Harpster, L., Homan, H.J., Linz, G.M.,
LeJeune, J.T., 2012. Association of wild bird density and farm management factors with the
prevalence of E. coli O157 in dairy herds in Ohio (2007-2009). Zoonoses Public Health 59,
320-329.
Corn, J.L., Manning, E.J.B., Sreevatsan, S., Fischer, J.R., 2005. Isolation of Mycobacterium
avium subsp paratuberculosis from free-ranging birds and mammals on livestock premises.
Appl. Environ. Microbiol. 71, 6963-6967.
Cummings, J.L., Glahn, J.F., Wilson, E.A., Davis, J.E., 2002. Potential hazards of DRC-1339
treated rice to non-target birds when used at roost staging areas in Louisiana to reduce local
populations of depredating blackbirds. Int. Biodeterior. Biodegrad. 49, 185-188.
Davis, G.J., Lussenhop, J.f., 1970. Roosting of starlings (Sturnus-vulgaris) - a function of
light and time. Anim. Behav. 18, 362-365.
Dohoo, I., Martin, W., Stryhn, H., 2009. Veterinary Epidemiologic Research. VER Inc., PEI,
Charlottetown, Canada.
Feare, C.J., Wadsworth, J.T., 1981. Starling damage on farms using the complete diet system
of feeding dairy-cows. Anim. Prod. 32, 179-183.
Feare, C.J., 1984 The Starling. Oxford University Press, Walton Street, Oxford.

50
Feare, C.J., Douville de Franssu, P., Peris, S.J., 1992. The starling in Europe: Multiple
approaches to a problem species. Proc 15th Vertebr Pest Conf. pp, 83-88.
Gelman, A., Hill, J., Yajima, M., 2012. Why we (usually) don't have to worry about multiple
comparisons. J Res Educ Eff. 5, 189-211.
Glahn, J.F., Timbrook, S.K., Twedt, D.J., 1987. Temporal use patterns of wintering starlings
at a southeastern livestock farm: implications for damage control. Proc. 3rd East Wildl.
Damage Control Conf. pp, 194-203.
Gough, P.M., Beyer, J.W., 1981. Bird -vectored diseases. Great Plains Wildlife Damage
Control Workshop proceedings 125, 260-272.
Homan, H.J., LeJeune, J.T., Pearl, D.L., Seamans, T.W., Slowik, A.A., Morasch, M.R., Linz,
G.M., 2013. Use of dairies by post reproductive flocks of European starlings. J. Dairy Sci. 96,
4487-4493.
Homan, H.J., Slowik, A.A., Penry, L.B., Linz, G.M., Bodenchuk, M.J., Gilliland, R.L., 2010.
Site use of European starlings captured and radio-tagged at Texas feedlots during winter.
Proc. 24th Vertebr. Pest Conf. pp, 250-256.
Johnson, R.J., Glahn, J.F., 1994. European starlings. The Handbook: Prevention and Control
of Wildlife Damage.72. Wildlife Damage Management, Internet Center for Damage. pp,
E109-120.
LeJeune, J., Homan, J., Linz, G., Pearl, D.L., 2008. Role of the European starling in the
transmission of E. coli O157 on dairy farms. Proc 23rd Vertebr Pest Conf. pp, 31-34.
Lepeule, J., Seegers, H., Rondeau, V., Robert, C., Denoix, J.M., Bareille, N., 2011. Risk
factors for the presence and extent of developmental orthopaedic disease in the limbs of
young horses: Insights from a count model. Prev. Vet. Med. 101, 96-106.

51
Linz, G.M., Homan, H.J., Gaukler, S.M., Penry, L.B., Bleier, W.J., 2007. European Starlings:
A Review of an Invasive Species with Far-Reaching Impacts. In: Witmer, G. W., W. C. Pitt,
and K. A. Fagerstone (eds), Managing Invasive Verte brate Species: Proceedings of an
International Symposium, pp. 378–386. USDA/APHIS/National Wildlife Research Center,
Fort Collins, CO, USA.
Nodtvedt, A., Dohoo, I., Sanchez, J., Conboy, G., DesCoteaux, L., Keefe, G., Leslie, K.,
Campbell, J., 2002. The use of negative binomial modelling in a longitudinal study of
gastrointestinal parasite burdens in canadian dairy cows. Can Vet Res. 66, 249-257.
Perneger, T.V., 1998. What's wrong with Bonferroni adjustments. Br. Med. J. 316, 12361238.
Robinson, R.A., Siriwardena, G.M., Crick, H.Q.P., 2005. Status and population trends of
starling Sturnus vulgaris in Great Britain. Bird Study 52, 252-260.
Rothman, K.J., 1990. No adjustments are needed for multiple comparisons. Epidemiology 1,
43-6.
Sanad, Y.M., Closs, G.J., Kumar, A., LeJeune, J.T., Rajashekara, G., 2013. Molecular
epidemiology and public health relevance of Campylobacter isolated from dairy cattle and
European starlings in Ohio, USA. Foodborne pathog Dis 10, 229-36.
Swirski, A.L., Pearl, D.L.,Williams, M.L., Homan, H.J., Linz, G.M., Cernicchiaro, N.,
LeJeune, J.T., 2014. Spatial epidemiology of Escherichia coli O157:H7 in dairy cattle in
relation to night roosts of Sturnus vulgaris (European starling) in Ohio, USA (20072009).
Zoonoses Public Health 61, 427–43.
Twedt, D.J., Glahn, J.F., 1982. Reducing starling depredations at livestock feeding operations
through changes in management practices. Proceedings of the Tenth Vertebr Pest Conf 46,
159-163.

52
West, R.R., Besser, J.F., DeGrazio, J.W., 1967. Starling control in livestock feeding areas.
Proc 3rd Vertebr Pest Conf. pp, 89-93.
Williams, M.L., Pearl, D.L., LeJeune, J.T., 2011. Multiple-locus variable-nucleotide tandem
repeat subtype analysis implicates European starlings as biological vectors for Escherichia
coli O157:H7 in Ohio, USA. J. Appl. Microbiol. 111, 982-988.
Williams, R., 2000. A note on robust variance estimation for cluster-correlated data.
Biometrics 56, 645-646.

53
Table 2. 1. Farm management and farm structural variables examined for possible association with European starling density
on Ohio dairy farms, 2007 – 2009.








Temporal variables
o Year of visit (2007-2009)
o Month (June – Nov.)
o Season (summer/fall)
Distance of farm from roost sites
(range in km)
o Apple Creek roost (3.2-511.8)
o Morton (2.4-517.7)
o South Rittman (1.9-516.4)
o Lime Lakes (9.8-532.1)
o The closest roost (1.9-511.8)



Other farm management factors
o Other animals on farm (Y/N)
o Domestic (Y/N)
o Wild animals (Y/N)
o Heifers (Y/N)
o Calves (Y/N)
o Number of barns
o Number of milking barns
Water source
o Pond
o Creek/stream
o Pond and stream
o Other (ditch, fountain, lake)







Type of barn
o Free stall
o Tie stall
o Both
Stall bedding
o Sand
o Sawdust
o Straw
o Other (compost pack,
mats, rubber mats, dirt)



Type of roof
o Rafters
o Netting on rafters
o Open roof
o Ceiling
o Other (rafter-less wood,
aluminum sheet)
Calf housing
o Barn
o Hutches
o Barn and hutches







Feed storage
o Silos
o Bagged
o Bunkers
o Other (bin, hay, open
pit, uncovered pile,
bales)
Feeding method
o Aisle
o Bunk
o Other (bale ring,
pasture, hay ring,
bunk on ground, in
parlor)



Feed type
o Total mixed ration
o Silage
o Grazing
o Haylage
o Combination
Feeding site
o Indoor
o Outdoor
o Indoor and outdoor





Manure removal
o Every milking
o Daily
o Weekly/
less frequently
Manure storage
o Lagoon
o Pile
o Combination/
other (slurry
store, pit)

Ventilation
o Doors
o Doors and
curtains
o Doors and opensided
o Other (fans, ridge
vent, windows)
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Table 2. 2. Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC)
comparing the fit of regression models built to assess the association between the number of
European starlings per milking cow and farm management and farm structural variables
on Ohio dairy farms, 2007 - 2009.
Number of

AIC

BIC

15979.8

16018.3

244

1972.6

2011.1

244

24145.9

24187.9

244

1911.8

1956.3

observations (N)
Poisson with a random intercept for farma 244
Negative binomial with a random
intercept for farma
Zero-inflated Poisson with robust
variance estimatorb
Zero-inflated negative binomial with
robust variance estimatorb
a

Models had the same fixed effects

b

The same variables were included in the count and the inflated portions of the models, and the

AIC and BIC cannot be adjusted to account for the robust variance estimator.
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Table 2.3. Unconditional zero-inflated negative binomial model with robust variance
estimators of significant farm management and farm structural variables associated with
the number of European starlings per milking cow based on a liberal p-value (P ≤ 0.2).
Variable (No.)

Negative binomial

Logistic

Overall

DRa (95%CI) P-value

ORb (95%CI) P-value

P-valuei
<0.001

Year
c

2007 (31/150)

Referent

2008 (54/150)c

0.32 (0.14, 0.73) 0.007

1.27 (0.59, 2.75) 0.535

2009 (65/150)c

0.39 (0.21, 0.72) 0.003

0.27 (0.11, 0.67) 0.005
0.075

Presence of domestic
animals on farm
No (67/150)c

Referent
c

Yes (83/150)

1.44 (0.85, 2.44) 0.180

1.93 (1.03, 3.59) 0.039
0.037

Type of barn
Free stall (127/147)c

Referent

Tie stall (9/147)c

2.58 (1.15, 5.76) 0.021

3.13 (0.28, 4.66) 0.852

Both (11/147)c

0.82 (0.49, 1.36) 0.438

1.84 (0.64, 5.26) 0.255
0.122

Stall bedding
c

Sand (52/134)

Referent

Sawdust (39/134)c

2.27 (1.12, 4.58) 0.022

1.59 (0.75, 3.42) 0.225

Straw (26/134)c

2.06 (0.98, 4.33) 0.056

0.72 (0.24, 2.14) 0.558

Other (17/134)c

1.83 (0.72, 4.62) 0.203

0.91 (0.26, 3.19) 0.877
0.012

Feeding method
c

Aisle (66/148)

Referent

Bunk (67/148)c

0.81 (0.49, 1.32) 0.393

1.69 (0.38, 3.16) 0.098

Other (15/148)ce

2.88 (1.33, 6.28) 0.008

0.95 (0.25, 3.63) 0.946
0.029

Feeding site
Indoor (84/144)c

Referent

Outdoor (60/144)cf

1.94 (1.15, 3.28) 0.013

0.024

Feed storage
Silos (76/142)c

1.43 (0.79, 2.64) 0.240

Referent
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Variable (No.)

Negative binomial
a

Logistic

Overall

b

P-valuei

DR (95%CI) P-value

OR (95%CI) P-value

Bagged (22/142)c

0.67 (0.39, 1.16) 0.156

1.08 (0.49, 2.41) 0.844

Bunker (9/142)c

0.46 (0.25, 0.85) 0.014

0.28 (0.07, 1.07) 0.063

Other (35/142)cg

0.61 (0.30, 1.25) 0.178

0.37 (0.14, 1.01) 0.052
0.009

Feed type
TMR (56/146)ch

Referent

Silage (35/146)c

0.61 (0.32, 1.16) 0.130

1.52 (0.70, 3.25) 0.284

Grazing (8/146)c

1.23 (0.50, 3.03) 0.649

5.58 (1.32, 23.81) 0.020

Haylage (9/146)c

0.31 (0.12, 0.79) 0.015

0.70 (0.08, 6.36) 0.756

Combination (38/146)c

0.58 (0.28, 1.19) 0.140

0.81 (0.34, 1.92) 0.631
0.174

Manure storage
Lagoon (71/130)c

Referent

Pile (28/130)c

0.84 (0.46, 1.53) 0.573

0.02 (-0.81, 0.86) 0.955

Combination (31/130)c

1.75 (0.85, 3.61) 0.129

-0.29 (-1.18, 0.61) 0.529
0.003

Manure removal
Every milking (49/126)c
c

Referent

Daily (59/126)

0.77 (0.40, 1.47) 0.422

2.20 (0.99, 4.85) 0.050

Other (weekly, etc)

1.24 (0.57, 2.67) 0.590

9.87 (3.16, 30.57) <0.001

0.99 (0.99, 1.00) 0.314

0.99 (0.98, 1.00) 0.004

(18/126) c
Distance from the closest

0.006

roost (km)
a

Density ratio >1 indicates positive association; <1 indicates negative association.
Odds ratio >1 indicates positive association; <1 indicates negative association.
c
Number of farms with data concerning this variable
d
Other stall bedding: rubber mat, dirt, compost pack
e
Other feeding methods: bale ring, pasture, hay ring, bunk on ground, in parlor
f
Outdoor: most feeding was outdoor but some feeding might have occurred both indoor and
outdoor
g
Other feed storage: uncovered piles, bales
h
TMR = total mixed ration
i
Overall significance of the variable was estimated using a Wald χ2 test
b
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Table 2.4. The association between the number of European starlings per milking cow and
farm management and farm structural variables significant at P < 0.05 using a conditional
zero-inflated negative binomial model with robust variance estimator for clustering by
farm.
Variable

Negative binomial

P-value

DRa (95% CI)
Year
2007

Referent

2008

0.29 (0.17, 0.51)

<0.001

2009

0.39 (0.23, 0.65)

<0.001

Feeding method
Aisle

Referent

Bunk

0.52 (0.29, 0.95)

0.034

Otherc

0.35 (0.09, 1.29)

0.116

Feeding site
Indoor

Referent

Outdoord

1.14 (0.35, 3.72)

0.833

Feeding method * feeding site
Aisle * indoor

Referent

Bunk * outdoorde

1.85 (0.49, 6.94)

0.359

Otherb * outdoor de

14.31 (2.18, 94.05)

0.006

Variable

Logistic

P-value

b

OR (95% CI)
Manure removal
Every milking

Referent

Daily

2.41 (1.15, 5.05)

0.020

Otherf (weekly, etc)

10.69 (3.29, 34.81)

<0.001

Distance from the closest roost (km)

0.99 (0.98, 0.99)

0.009

a

Density ratio >1 indicates positive association; <1 indicates negative association.

b
c

Odds ratio >1 indicates positive association; <1 indicates negative association.

Other feeding methods: bale ring, pasture, hay ring, bunk on ground, in parlor
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d

Outdoor: most feeding was outdoor but some feeding might have occurred both indoor and

outdoor.
e

Overall significance of the interaction term between feeding method and herd feeding site: Wald

test, χ2 (d.f. 2) = 8.63, P > χ2 = 0.013
f

Weekly, every two weeks, etc.
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Table 2.5. Contrasts evaluating the association between the number of European starlings
per milking cow and the interaction term between feeding method and feeding site from the
final zero-inflated negative binomial model with robust variance estimator for clustering
by farm.
Feeding method* Feeding site

DRa

95% CI

P-value

Indoor aisle vs. indoor bunk

1.90

1.05, 3.55

0.034*

Indoor aisle vs. indoor other

2.90

0.80, 10.50

0.105

Indoor aisle vs. outdoor otherb

0.17

0.09, 0.34

<0.001*

Indoor aisle vs. outdoor aisle

0.89

0.27, 2.90

0.857

Indoor aisle vs. outdoor bunk

0.91

0.59, 1.40

0.679

Indoor bunk vs. indoor otherb

1.50

0.39, 5.88

0.559

Indoor bunk vs. outdoor bunk

0.47

0.26, 0.85

0.012*

Indoor bunk vs. outdoor otherb

0.09

0.04, 0.21

<0.001*

Indoor othera vs. outdoor otherb

0.06

0.01, 0.25

<0.001*

Outdoor aisle vs. indoor bunk

2.16

0.61, 7.67

0.235

Outdoor aisle vs. indoor otherb

3.24

0.59, 17.74

0.176

Outdoor aisle vs. outdoor bunk

1.02

0.31, 3.35

0.975

Outdoor aisle vs. outdoor otherb

0.19

0.05, 0.74

0.016*

Outdoor bunk vs. outdoor otherb

0.05

0.01, 0.80

0.034*

*Statistically significant at P < 0.05.
a

Density ratio >1 indicates positive association; <1 indicates negative association.

b

Other feeding methods: bale ring, pasture, hay ring, bunk on ground, in parlor.
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Figure 2.1. Frequency of the number of European starlings per milking cow on 150 Ohio
dairy farms, 2007 – 2009.
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CHAPTER THREE
A LONGITUDINAL STUDY OF FEED CONTAMINATION BY EUROPEAN
STARLING EXCRETA IN OHIO DAIRY FARMS (2007-2008).
(Medhanie et al. as published in Journal of Dairy Science 2014; 97(8) 5230-8)
ABSTRACT
The objectives of this study were to understand the temporal pattern of contamination of
cattle feed by starling excrement on dairy farms and to evaluate the temporal pattern in
recovering Escherichia coli O157:H7 or Salmonella in relation to the absolute mass of
excrement recovered. A longitudinal study was conducted on 15 dairy farms in Ohio from July
2007 to October 2008. One open-topped tray filled with bird feed was placed near a cattle
feeding site; bird excrement from the tray was weighed monthly for 12 consecutive months.
Linear regression models with a random intercept for farm were computed to examine the
association between the absolute weight of excrement recovered each month or the farm-specific
standard score for weight of excrement, and month or season. Exact logistic regression was used
to determine if there was an association between recovering Escherichia coli O157:H7 or
Salmonella, and the amount of excrement recovered and season. A spatial scan statistic was used
to test for evidence of space-time clustering of excrement, based on the standard score for the
weight of the excrement, among our study farms. Five of 179 excrement samples (2.79%) were
positive for E. coli O157:H7 and two (1.12%) were positive for Salmonella. A significantly
higher level of contamination with excrement was observed during the winter. The odds of
recovering a pathogen increased with the amount of excrement recovered and decreased if the
excrement was collected in the winter. A spatio-temporal cluster of contamination with
excrement was detected. These findings provide basic information for future quantitative
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microbial risk assessments concerning the role of starlings in spreading enteric pathogens on
dairy farms.
Key words: European starling, fecal weight, month, multilevel
INTRODUCTION
European starlings (Sturnus vulgaris) are responsible for large economic losses. The
estimated loss merely from their destruction and consumption of grain was estimated close to
800 million dollars per year (Pimentel et al., 2000). In addition to consuming large amounts of
cattle feed, these birds contaminate feed and the farm environment with droppings and spread
zoonotic and animal pathogens (Feare et al., 1992; Johnson and Glahn, 1994), which is a concern
for food safety. Zoonotic pathogens, including Escherichia coli O157:H7 (LeJeune et al., 2008),
Salmonella spp. (Carlson et al., 2011), and Campylobacter spp. (Sanad et al., 2013) have been
detected in starling feces, and ingestion of feed contaminated with bird feces is a possible route
of infection for cattle (Daniel et al., 2003). Genotypically-identical isolates of Campylobacter
jejuni were recovered from the feces of starlings and cattle on the same dairy farm (Sanad et al.,
2013), and similar isolates of E. coli O157:H7 from starlings and cattle on different dairy farms
were identified using multiple-locus variable-nucleotide tandem repeat analysis (Williams et al.,
2011). Transmission by wild birds was the most likely explanation when the same subtypes of E.
coli O157:H7 were identified from feedlots approximately 50 to 100 km apart (Van
Donkersgoed et al., 2001; Wetzel and LeJeune, 2006).
Livestock facilities are attractive to starlings because of the availability of large quantities
of feed and water (Johnson and Glahn, 1994; Linz et al., 2007). This is particularly true during
the period from late summer through late winter when insects and other invertebrate prey are rare
(Feare et al., 1992).
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Previous researchers have suggested that starlings are more attracted to livestock
facilities during winter (Johnson and Glahn, 1994; Linz et al., 2007); however, the temporal
pattern of contamination with excrement and recovery of pathogens in relation to the mass of
droppings are not well understood. Such information will allow livestock managers to identify
the times of greatest risk of pathogen spread from starlings to cattle so that appropriate
management activities can be implemented.
The objectives of this study were to 1) understand the temporal pattern of contamination
of cattle feed by European starling excrement on dairy farms and 2) evaluate the temporal pattern
in recovering E. coli O157:H7 or Salmonella spp. from bird droppings and its relation to the
absolute mass of excrement recovered from these dairy farms.
MATERIALS AND METHODS
Study design
A longitudinal study was conducted on 15 dairy farms located in Wayne and Holmes
counties, Ohio, from July 2007 to October 2008. In this pilot study, farms with greater than 125
milking cows were selected from a larger project involving 150 dairy farms. Herd size was
limited to a common size for the industry in Ohio to adjust for possible management differences
between small and large scale operations that may influence the extent of starling attraction to
the farms. One open-topped bird feeder tray (0.28 m2) was filled with a commercially available
bird feed and placed in an elevated area near a cattle feeding site. The tray was emptied monthly
and refilled with fresh feed. Total accumulation of excrement from the trays were weighed
monthly for 12 consecutive months, except for one farm, for which sampling was missed in
November 2007. The proportion of starling excrement that tested positive for E. coli O157:H7 or
Salmonella spp. was determined.
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Information regarding herd management from these 15 farms was collected from a
questionnaire administered by our group for the larger project involving 150 farms (Cernicchiaro
et al., 2012). Participating producers reported that their farms had a history of problems
associated with the presence of starlings. All studied farms had free-stall barns. Cattle were fed
indoors, with the exception of one farm, where cattle were fed both inside and outside the barn.
Except for one farm that removed manure once daily and another that removed it less frequently,
all farms removed cattle manure after every milking. The relative frequency of bird species
visiting the farms was also documented (Cernicchiaro et al., 2012).
Pathogen detection
Escherichia coli O157:H7 isolation from starling excrement. Total accumulation of
excrement was thoroughly mixed and 10 g, if available, was sub-sampled from the total for
enrichment. Buffered glycerol (300 µl) was added to 1 ml of the homogenized slurry, then mixed
and stored at -80°C. The remainder of the slurry was incubated for 24 hours at 42°C for
immunomagnetic separation (IMS). The IMS beads were then plated onto cefixime-tellurite
sorbitol MacConkey (CT-SMAC) plates and incubated for 24 hours at 37°C. Up to five suspect
colonies (white) per sample from the CT-SMAC plates were transferred to EC MUG plates (EC
media: Neogen-Acumedia Manufacturers Inc., Lansing, MI, USA; MUG: Biosynth AG, Staad,
Switzerland) and incubated for 24 hours at 37°C. The MUG negative isolates (not glowing) were
transferred to MacConkey plates and incubated for 24 hours at 37°C. Lactose positive isolates
(purple colonies) were confirmed for O157 antigen using a latex agglutination assay (Oxoid Ltd.,
Nepean, ON, Canada).
Salmonella isolation from starling excrement. One ml of buffered peptone water was
added to the frozen slurry (300 μl) and then incubated for 24 hours at 37°C. One ml of the
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buffered peptone water enrichment was added to 10 ml of Tetrathionate broth and incubated for
48 hours at 37°C. Ten μl of the enriched Tetrathionate broth was added to 10 ml of RappaportVassiliadis R10 broth (RV broth) and incubated for 24 hours at 37°C. A loopful of the enriched
RV broth was streaked onto XLT-4 agar plates and incubated for 24 hours at 37°C. The XLT-4
plates were screened for suspect colonies (black) and then transferred to Triple Sugar Iron agar
slants, Urea slants, and Simmons Citrate slants; all slants were incubated for 24 hours at 37°C.
Samples that had 1) a red slant, yellow butt, gas production, and H2S production on triple sugar
iron slants, 2) no growth on Urea slants, and 3) turned blue on the Simmons Citrate slants, were
positive for Salmonella.
Statistical analysis
Descriptive statistics. Data were entered into an Excel 2007 (Microsoft Corporation,
Redmond, WA USA) spreadsheet, and transferred to STATA Intercooled 11.2 statistical
software (StataCorp LP, College Station, TX, USA) for analyses. The weights of the excrement
recovered from each farm every month were converted to a standard score (Z-score). The
standard score was calculated as the difference between the monthly weight of the excrement and
the mean weight of excrement over 12 consecutive months for a specific farm, divided by the
standard deviation of the weight of excrement recovered from the same farm (Gravetter and
Walnau, 2008). The number of birds visiting each farm can vary and consequently the total mass
of excrement can vary with temporal and farm related effects. Standardizing weights removed
these farm effects. Standard score values make visual assessment of the monthly trend of the
amount of excrement per farm easier by comparing the deviation from each farms annual mean
for each month.
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Multilevel model. Linear regression models with a random intercept for farm were
computed to examine the association between the absolute weight of excrement recovered each
month or the farm-specific standard score for the weight of excrement, and month or season,
after controlling for year. Season was categorized into winter (December 21 to March 21), spring
(March 22 to June 21), summer (June 22 to September 21), and fall (September 22 to December
20).
A multilevel linear regression model with a first order autoregressive correlation structure
to account for time dependence was also constructed and compared to the simpler random
intercept model in terms of model fit using Akaike’s information criterion (AIC) and Bayesian
information criterion (BIC). Contrasts, using the lincom command in STATA, were computed to
determine if there were significant differences in mass of excrement accumulated between
different months or seasons. Model fit was examined graphically by assessing the normality of
the best linear unbiased predictors and the normality and homogeneity of variance of the
standard residuals. The best linear unbiased predictors and standard residuals were plotted
against predicted values to identify outliers (i.e., standard residuals > 3 or < -3). Potential outliers
were examined for recording errors. The model was also run without the identified outliers to
assess their influence on the model.
Exact logistic regression. Exact logistic regression was used to determine if there was an
association between recovering E. coli O157:H7 or Salmonella spp., and the amount of
excrement recovered and season (winter versus the rest of the seasons). The odds ratio (OR)
showing the association was reported. Exact logistic regression was chosen due to the small
number of positive masses. All statistical tests were two-tailed with α = 0.05 for statistical
significance.
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Space-time scan statistic. The spatial scan statistic was performed using SaTScan version
8.0 (Martin Kulldorff and Information Management Services Inc., Boston, MA, USA) to detect
space-time clusters of contamination by excrement. A retrospective space-time scan using the
normal model was applied to identify high excrement clusters based on the standard score for the
weight of excrement. This statistic was applied to monthly data collected from July 2007 through
October 2008. The maximum temporal and spatial scanning windows were 50% of the study
period and samples, respectively. The null hypothesis was that contamination with excrement
was randomly distributed within space and time. The space-time scan was set to detect higher
scores within the space-time scanning window compared to scores outside the window at α =
0.05. Statistical significance was determined using Monte Carlo simulation with 999 replications.
The results of the scan statistics were mapped using ArcGIS 9.2 (ESRI, Redlands, CA, USA).
RESULTS
Descriptive findings
A total of 179 pools of starling excrement were recovered during the study period. The
total amount of starling excrement recovered monthly from each farm ranged from 0 to 279.3 g,
mean = 10.76 g (95% CI: 6.19 – 15.33 g), median = 1.8 g, (Interquartile range: 0.1 – 6.2 g).
Five excrement samples 2.79% (5/179) were positive for E. coli O157:H7. Escherichia
coli O157:H7 was recovered from bird feed trays on four farms: Once from farm 1 (August,
2007), once from farm 7(August, 2007), twice from farm 9 (December, 2007, August, 2008), and
once from farm 14 (December, 2007) (Fig.3.1). Salmonella was isolated twice 1.12% (2/179)
from the same bird excreta collection tray on subsequent months (September and October, 2007).
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The highest mean amount of contamination by excrement was observed in January
followed by December and March (Table 3.1). For the standard score for the weight of
excrement, higher contamination for most of the farms was in January and December (Fig. 3.1).
Multilevel model
For the models that examined the association between month and the absolute weight of
excrement recovered each month or the standard score for the weight of excrement, the
coefficients from the models with a first order autoregressive correlation structure were
appreciably different from the random intercept model. Moreover, the AIC and BIC values for
the latter models were smaller (Table 3.2). Therefore, only the results for multilevel linear
regression model with the simpler correlation structure are reported.
The amount of contamination, as measured by the absolute weight of excrement
recovered each month, was significantly higher in January compared to all other months except
March and December, for which no significant differences were observed (Table 3.3). The
amount of contamination in March was significantly higher than the amount recovered in May,
June, and July; the amount in December was also significantly higher than in October (Table
3.4). For the standard score for weight of excrement, the score was significantly higher in
January compared to all other months except December (Table 3.3). March and December were
significantly higher than most of the other months (Table 3.4). There were no significant
differences between the remainder of the months with respect to the absolute excrement weight
recovered each month or the standard score for weight of excrement.
When season was examined, the amount of contamination, as measured by the absolute
weight of excrement recovered each month, was higher in the winter compared to all other
seasons except the fall, for which the difference was not statistically significant (Table 3.5). For
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the standard score for the weight of excrement, the amount of contamination in the winter was
significantly higher than the rest of the seasons in a year (Table 3.5). Year was neither a
confounder nor a significant predictor. There were no significant differences between the
remainder of the seasons with respect to the absolute weight of excrement recovered each month
or the standard score for fecal weight.
For the multilevel linear regression models that examined the association between the
absolute weight of excrement recovered each month or season, one farm was identified as an
outlier. The standard residual in May was -3.4, June -3.5, December 3.2, March 3.7, and January
8.1. The larger standard residual in winter was 8.3, spring 4.2, fall 3.5. After running the
multilevel model without this farm, the amount of contamination, as measured by the absolute
weight of excrement recovered each month, was significantly higher in the winter than the rest of
the seasons. This farm was only 3.8 km away from one of the night roosting sites and it is the
only farm for which manure was removed daily instead of after each milking. No outliers were
identified for the models assessing the association between the standard score for the weight of
excrement and month or season.
Exact logistic regression and space-time scan statistic
Using exact logistic regression, the odds of recovering a pathogen in a mass of excrement
increased with the amount of excrement recovered (OR =1.02; 95% CI = 1.01 – 1.04; P = 0.004)
and decreased if the excrement was recovered in the winter compared to the rest of the seasons
(OR (median unbiased estimate)* = 0.10; 95% CI = 0 – 0.89; P = 0.022).
Based on the standard score for the weight of excrement recovered each month, there was
a statistically significant (P = 0.002) spatio-temporal cluster of high contamination with
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excrement that encompassed seven farms from Wayne county with a 12.96 km radius around its
center during the December 2007 to March 2008 period (Fig. 3.2).
DISCUSSION
The European starling has been implicated in the contamination of cattle feed and the
farm environment with excreta resulting in the subsequent spread of zoonotic pathogens
(Johnson and Glahn, 1994; Linz et al., 2007; LeJeune et al., 2008). In this study, we set out to
determine the temporal pattern of contamination of cattle feed by starling excrement on Ohio
dairy farms, and to evaluate the temporal pattern of recovering E. coli O157:H7 or Salmonella
spp. in relation to the absolute mass of starling excretment recovered.
We found that the amount of contamination with starling excrement was higher in the
winter compared to the other seasons. The space-time cluster of high mass of excrement detected
from December to March also supports this finding. Our study was only conducted for a total of
16 months, and comparisons of seasons over multiple years are required to thoroughly support
the inference of a seasonal effect. However, these results agree with a recent survey on dairy
farms in Pennsylvania, New York, and Wisconsin, for which the greatest wild bird fecal
contamination on these farms occurred between January and March (Shwiff et al., 2012). The
greatest number of starlings present at feedlots and dairies has been observed during cold winter
days when the movement of these birds was limited due to snow or freezing temperatures (Linz
et al., 2007; Carlson et al., 2012); during winter, starlings roost in barns and bridges to shield
themselves from harsh weather (Dolbeer et al., 1978).
The proportion of starling excreta that were positive for E. coli O157:H7 or Salmonella
spp. was low and was similar to other studies that have documented the prevalence of these
pathogens in starlings (Odermatt et al., 1998; Gaukler et al., 2008; LeJeune et al., 2008).
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Escherichia coli O157 was isolated from 2.2% of starling intestinal contents in Ohio dairy farms
(LeJeune et al., 2008) and 0.5% of cloacal swabs in central Kansas feedlots (Gaukler et al.,
2008). No Salmonella spp. were recovered from the same swabs, whereas 1% Salmonella spp.
were recovered from fecal samples collected from Basel, Switzerland starling night roosting site
(Odermatt et al., 1998). However, starlings travel in groups of hundreds to thousands of birds,
thereby increasing the probability of fecal contamination and pathogen dissemination (Ballerini
et al., 2008).
In our study, excrement masses from feed trays were collected monthly and this might
affect the survival of the bacteria. However, a prolonged survival period up to one year in ovine
and bovine feces has been reported for E. coli O157:H7 in experimental and environmental
settings (Kudva et al., 1998). Salmonella spp. have a longer survival time in the environment
than E. coli (Winfield and Groisman, 2003). However, the survival period of E. coli O157:H7 in
bird droppings is shorter than in bovine feces due to the higher level of ammonia in bird manure
(Himathongkham et al., 2000). Nevertheless, cultures of excrement from starlings that were
experimentally inoculated with E. coli O157 were positive after one month although the count of
colony forming units decreased after 14 days (Kauffman and LeJeune 2011).
Based on observational (Cernicchiaro et al., 2012; Shwiff et al., 2012) and experimental
studies supported by molecular subtyping (Williams et al., 2011), researchers have found that
various foodborne pathogens such as Salmonella, E. coli O157:H7 can be transmitted between
cattle and starlings (Nielsen et al., 2004). In the current study, after controlling for season, the
total amount of contamination by starling excrement from the masses in the feeder tray was
related to the odds of recovering E. coli O157:H7 or Salmonella spp. This is consistent with the
concept that the size of the starling population visiting the farm, and thus the amount of
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contamination, increases the odds of cattle being exposed to zoonotic pathogens. Our results
appear to be consistent with other studies examining bird density (Carlson et al., 2012), and
bacterial shedding of pathogens over time (Gaukler et al., 2009). Again, we acknowlege that our
data do not cover multiple years, so our inferences concerning seasonality should be interpreted
with caution.
Interestingly, the period when the feeder tray had the highest level of fecal contamination
does not coincide with the period when cow fecal pats and bird excreta are most likely to be
positive for several zoonotic pathogens, including E. coli O157:H7. Several studies indicated that
the prevalence of E. coli and Salmonella in cattle was highest in the summer and early fall, and
lowest in the winter (Chapman et al., 1997; Hancock et al., 1997; Wells et al., 2001). The
transmission to cattle is not expected to be influenced solely by the amount of contamination
with excrement. Transmission would be a factor of the amount of contamination in combination
with the prevalence of the pathogen. Thus, if prevalence of a pathogen is high, the transmission
can occur with minimal contamination. Similarly, if prevalence of a pathogen is low (e.g. in the
winter), although the amount of contamination was high risk for transmission would be
negligible. Thus, a combination of sufficient prevalence and sufficient contamination could
result in maximal transmission. However, the role the higher level of contamination of the farm
environment with excrement in the winter has on the epidemiology of these pathogens in cattle
still remains unclear.
The amount of excrement recovered from the feeder tray was an order of magnitude
greater for one of the 15 farms. This outlier farm was only 3.8 km away from a major night
roosting site and was within less than 25 km from three other night roosting sites. Winter
roosting sites in Ohio can harbor up to 1,000,000 birds (LeJeune et al., 2008). John and Glahn

73
(1994) also indicated that starlings were mostly attracted to farms closest to their roosting sites
and where feed was always accesible. However, there could be additional factors that contributed
to the accumulation of excrement. By generating a standard score for fecal weight, this farm was
not an outlier in terms of the temporal pattern of contamination because the standard value was
adjusted for the variability among farms in overall levels of fecal contamination.
We acknowledge that there is a possibility that some excreta could have been contributed
by other bird species. However, on these farms, starlings were the most common species of birds
(Cernicchiaro et al., 2012) and would have contributed most of the excrement. Starlings are
reported to be the most frequent avian visitors to Ohio dairy farms (LeJeune et al., 2008). The
prevalence and behaviour of European starlings, and the typical feed management practices on
dairy farms in the United States, strongly support our hypothesis of frequent feed contamination.
It is possible however, that feed borne dissemination of avian excreta is not the primary route of
exposure to food borne pathogens from birds to cattle. Birds also seek and use water sources on
farms, and water troughs may be a common point-source of exposure to E. coli O157 (Shere et
al., 1998; LeJeune et al., 2001). However, because water troughs are placed in cattle accessible
areas, collection of excreta from water troughs that do not have direct contact with cattle was not
possible. Further, the dissolution of excrement in the water would preclude quantification of
bird-specific contamination.
This study shows that the level of contamination of cattle feed by starling excrement was
highest in the winter; whereas, the odds of recovery of E. coli O157:H7 or Salmonella spp. from
the excrement of these birds was lower in the winter compared to the rest of the seasons.
Furthermore, the total amount of contamination with excrement was related to the odds of
recovering a pathogen after controlling for season. The period when contamination was highest
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(i.e., winter) and the risk of feed exposure to a zoonotic pathogen was highest (i.e., spring,
summer and fall) do not appear to match. These results are important for the development of risk
assessment and infectious disease models used for planning farm biosecurity policies and
procedures.
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Table 3. 1. Summary of the amount of starling excreta recovered each month on 15 Ohio
dairy farms.
Month

Mean (grams)

Median (grams)

IQR1 (grams)

January

30.26

11.00

4.10 – 21.05

February

9.98

4.10

0.15 – 12.85

March

21.57

4.10

1.20 – 16.15

April

8.55

3.30

0.45 – 5.80

May

1.79

1.20

0.10 – 2.75

June

1.25

1.00

0.60 – 1.90

July

3.47

0.95

0.10 – 2.40

August

7.81

1.60

0.10 – 2.40

September

8.33

1.40

0 – 5.08

October

4.53

0.40

0.10 – 3.75

November

10.07

1.00

0 – 4.40

December

21.73

13.50

0.60 – 22.1

1

Interquartile range
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Table 3. 2. The Akaike’s information criterion(AIC) and Bayesian information criterion
(BIC) for the association between the absolute weight of excrement recovered each month
or the standard score for the weight of excrement, and month or season, using the simpler
multilevel linear regression model and the model with a first order autoregressive
correlation structure.
Model (outcome variable)

AIC

BIC

Multilevel (absolute excrement weight)1

1588.33

1636.15

Autoregressive (absolute excrement weight)1

1588.32

1639.31

Multilevel (Z-score for excrement weight)2

467.36

515.17

Autoregressive (Z-score for excrement weight)2

468.64

519.63

Multilevel (absolute excrement weight)3

1639.10

1664.59

Autoregressive (absolute excrement weight)3

1663.44

1685.75

Multilevel (Z-score for excrement weight)4

466.00

488.31

Autoregressive (Z-score for excrement weight)4

476.26

498.57

1

Association between month and the absolute weight of excrement recovered each month, after

controlling for year.
2

Association between month and the standard score (Z-score) for the weight of excrement

recovered each month, after controlling for year.
3

Association between season and the absolute weight of excrement recovered each month, after

controlling for year.
4

Association between season and the standard score (Z-score) for the weight of excrement

recovered each month, after controlling for year.
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Table 3.3. Linear regression model with a random intercept for farm of the association
between the absolute weight of excrement recovered each month from a bird feeder tray in
grams (g) or the standard score for the weight of excrement, and excrement collection
month.
Variable

Absolute weight of feces (g)
Coefficient

P-value

95% CI

Standard score for fecal weight
Coefficient P-value

95% CI

January

Referent

February

-20.28

0.009

-35.54, -5.02

-0.99

0.001

-1.57, -0.40

March

-8.69

0.264

-23.96, - 6.57

-0.71

0.016

-1.30, -0.13

April

-21.71

0.005

-36.97, -6.44

-1.18

<0.001

-1.77, -0.60

May

-28.47

<0.001

-43.74, -13.21

-1.50

<0.001

-2.08, -0.92

June

-27.95

<0.001

-42.79, -13.11

-1.63

<0.001

-2.20, -1.07

July

-28.66

0.001

-44.87, -12.45

-1.63

<0.001

-2.24, -1.01

August

-22.27

0.006

-38.12, -6.41

-1.30

<0.001

-1.90, -0.71

September

-24.78

0.009

-43.44, -6.12

-1.43

<0.001

-2.12, -0.74

October

-27.42

0.004

-46.21, -8.64

-1.46

<0.001

-2.15, -0.77

November

-22.59

0.030

-43.02, -2.14

-1.25

0.001

-1.99, -0.49

December

-10.64

0.309

-31.13, 9.85

-0.04

0.918

-0.79, 0.71

20071

Referent

20081

-2.11

0.321

-0.23, 0.71

1

Year of excrement collection

Referent

Referent
0.762

-15.95, 11.52

0.24
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Table 3. 4. Contrasts of significantly different excrement accumulations between months
from the linear regression model with a random intercept for farm, of the association
between the absolute weight of excrement recovered each month from a bird feeder tray in
grams (g) or the standard score for the weight of excrement, and excrement collection
month.
Variable

Coefficient

P-value

95% CI

March versus May1

19.78

0.011

4.52 - 35.04

March versus June1

19.26

0.011

4.42 - 34.09

March versus July1

19.97

0.016

3.76 - 36.18

December versus October1

16.78

0.034

1.28 - 32.29

Variable

Coefficient

P-value

95% CI

February versus June2

0.65

0.020

0.10 – 1.19

February versus July2

0.64

0.034

0.47 – 1.23

March versus May2

0.79

0.006

0.23 – 1.35

March versus June2

0.92

0.001

0.38 – 1.46

0.91

0.003

0.32 – 1.50

0.59

0.044

0.02 – 1.17

March versus September2

0.72

0.035

0.05 – 1.39

March versus October2

0.75

0.028

0.08 – 1.42

December versus February2

0.95

0.010

0.23 – 1.67

December versus April2

1.14

0.002

0.42 – 1.87

December versus May2

1.46

<0.001

0.74 – 2.18

2

1.59

<0.001

0.89 – 2.30

December versus July2

1.59

<0.001

0.91 – 2.26

December versus August2

1.26

<0.001

0.66 – 1.87

December versus September2

1.39

<0.001

0.78 – 2.01

December versus October2

1.42

<0.001

0.85 – 1.99

1.21

<0.001

0.65 – 1.77

March versus July2
March versus August

2

December versus June

December versus November
1

2

Absolute weight of excrement recovered each month from a bird feeder tray (g) versus the
excrement collection month.
2
Standard score for the weight of excrement versus the excrement collection month.
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Table 3. 5. Linear regression model with a random intercept for farm of the association
between the absolute weight of excrement recovered each month from a bird feeder tray in
grams (g) or the standard score for weight of excrement, and excrement collection season
Variable

Absolute weight of feces (g)
Coefficient

P-value

95% CI

Standard score for fecal weight
Coefficient

P-value

95% CI

Winter

Referent

Spring

-11.45

0.015

-20.68, -2.22

-0.88

<0.001

-1.24, -0.52

Summer

-13.52

0.006

-23.18, -3.86

-1.14

<0.001

-1.51, -0.76

Fall

-11.09

0.104

-24.46, 2.29

-1.06

<0.001

-1.57, -0.56

20071

Referent

20081

-3.76

0.333

-0.61, 0.21

1

Referent

Referent
0.515

Year of excrement collection

-15.09, 7.57

-0.20
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Figure 3.1. Standard score for starling excrement weight recovered each month for 12
consecutive months from a bird feeder tray located near a cattle feeding site on 15 Ohio
dairy farms. The standard score was calculated as the difference between the monthly
excreta weight and the mean excreta weight over 12 consecutive months for a specific farm,
divided by the standard deviation of excreta weights recovered from the same farm.
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Legend
Roosting sites
Farms

Salmonella positive farm
E. coli O157 positive farms

Figure 3.2. Space-time cluster of high contamination with starling excreta that included
seven Ohio dairy farms from December 2007 to March 2008, based on the standard score
for weight of starling excreta recovered each month for 12 consecutive months from a bird
feed tray located near a cattle feeding site.
.
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CHAPTER FOUR
SPATIAL CLUSTERING OF CEFOTAXIME AND CIPROFLOXACIN RESISTANT
ESCHERICHIA COLI AMONG DAIRY CATTLE FARMS RELATIVE TO EUROPEAN
STARLING NIGHT ROOSTS
Formatted for publication in Zoonoses and Public Health and submitted in January 2016.
ABSTRACT
European starlings (Sturnus vulgaris) have been implicated in the dispersal of zoonotic
enteric pathogens. However, their role in disseminating antimicrobial resistant organisms
through their home range has not been clearly established. The aim of this study was to
determine if starling night roosts served as foci for spreading antimicrobial resistant organisms
among dairy cattle farms. Bovine fecal pats were collected from 150 dairy farms in Ohio. Each
farm was visited twice (in summer and fall) between 2007 and 2009. A total of 1,490 samples
(10 samples/farm over two visits) were tested for cefotaxime and ciprofloxacin resistant
Escherichia coli. Using a spatial scan statistic, focal scans were conducted to determine whether
clusters of farms with high prevalence of resistant organisms were centered around starling night
roosts. Cefotaxime and ciprofloxacin resistant E. coli were detected in 13.42% and 13.56% of the
samples, respectively. Statistically significant (P < 0.05) spatial clusters of fecal pats with high
prevalence of cefotaxime and ciprofloxacin resistant E. coli were identified around the night
roosts. This finding indicates that the risk of carriage of antimicrobial resistant organisms in
cattle closer to starling night roosts was higher compared to cattle located on farms further from
these sites. Starlings might have an important role in spreading antimicrobial resistant E. coli to
livestock environments, thus posing a threat to animal and public health.
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INTRODUCTION
With the growing urbanization and expansion of human populations, the impact of
wildlife in the transmission of zoonotic and antimicrobial resistant organisms is becoming of
increased concern for public health (Taylor et al., 2001; Smith et al., 2014). Wild mammals and
birds have been implicated as potential reservoirs and vectors of food-borne antimicrobial
resistant bacteria (Radhouani et al., 2014; Carroll et al., 2015). In particular, wild birds that
frequent cattle farms have great potential to disseminate resistant organisms among cattle and
human surroundings (Literak et al., 2007). Contact between livestock and wild birds occurs when
birds congregate near or on livestock feeding facilities during daily feeding and/or before night
roosting (Cooper 1999). This contact enhances both mechanical and biological dissemination of
pathogenic, non-pathogenic, and antimicrobial resistant organisms (Cooper 1999; Carlson et al.,
2015). Identical extended spectrum β-lactamase producing Escherichia coli isolates were
identified from wild birds in urban areas and humans, providing evidence that birds can serve as
reservoirs and vectors of bacteria and genetic elements for resistance traits that can be
transmitted to human populations (Bonnendahl et al., 2009).
Experimental and observational studies have emphasized the importance of European
starlings (Sturnus vulgaris) in the transmission of zoonotic pathogens, such as E. coli O157:H7,
Salmonella, and Campylobacter jejuni (Williams et al., 2011; Cernicchiaro et al., 2012; Sanad et
al., 2013). Antimicrobial resistant E. coli, Salmonella, and Campylobacter jejuni have also been
isolated from starlings (Gaukler et al., 2009; Sanad et al., 2013; Carlson et al., 2015). Moreover,
indistinguishable isolates of antimicrobial resistant Salmonella enterica were recovered from
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bovine fecal and starling gastro-intestinal samples, suggesting a possible transmission of resistant
S. enterica between cattle and the starlings that forage around cattle farms (Carlson et al., 2015).
The prevalence of E. coli O157:H7 among cattle fecal pats on Ohio dairy farms closer to
starling night roosts was significantly higher than those on farms further away, suggesting that
starling night roosts act as foci for the dissemination of E. coli O157:H7 among farms (Swirski et
al., 2014). In summer and fall, starlings leave their night roosts daily and fly to preferred
livestock facilities where feed is easily accessible. During their return flight to night roosts,
starlings visit different farms before they congregate to roost (LeJeune et al., 2008). This
behaviour increases their potential for disseminating pathogenic and non-pathogenic organisms
among cattle farms, especially among those farms closest to night roosts where bird "traffic" will
be highest during these return flights. Based on these findings, there is a possibility that starlings
might also spread antimicrobial resistant organisms among livestock facilities. Therefore, the
aim of this study was to determine whether cefotaxime or ciprofloxacin resistant E. coli isolates
from fecal samples from dairy cattle farms in Ohio were spatially clustered around known
European starling night roost sites.
MATERIALS AND METHODS
Sample collection
This study made use of enriched fecal samples and farm management data that were
collected from an earlier study that examined the association of starling density and farm
management factors with the prevalence of E. coli O157:H7 (Cernicchiaro et al., 2012). From
2007 - 2009, fresh bovine fecal pats (about 25 g) per visit were collected from 150 dairy farms
located in 32 counties in Ohio. Samples were collected during the summer and fall (i.e.,
twice/farm). Aliquots of the overnight non-selective broth enrichments of these fecal samples
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were stored at -80 ºC in 30% buffered glycerol. Ten samples from each farm (i.e., five
samples/visit) were tested for cefotaxime and ciprofloxacin resistant E. coli, except for two
farms, from which only five samples from one visit were tested. These antimicrobials were
chosen due to their importance in human medicine, and concern due to the previous detection of
resistance to these antimicrobials in isolates from livestock facilities (Tragesser et al., 2006;
Heider et al., 2009) and retail meat (Doi et al., 2010).
Detection of antimicrobial resistant E. coli
Cefotaxime and ciprofloxacin resistant bacteria were isolated by streaking a loopful (10
μl) of the stored broth enrichment onto MacConkey agar supplemented with either 2 μg/ml
cefotaxime or 1 μg/ml ciprofloxacin, respectively. Plates were incubated for 24 to 36 hours at
37ºC. Up to three lactose-positive (if present) colonies from each media were selected and tested
for indole production.
Description of night roosts
Four starling night roost sites, Apple Creek, Lime Lakes, Morton, and South Rittman
have been identified in the study area (LeJeune et al., 2008) and described previously (LeJeune
et al., 2008; Swirski et al., 2014). Briefly, the Apple Creek night roost was a seasonal roost
where only starlings roosted and it accommodated 250,000 – 500,000 starlings. The Lime Lakes
roost was the largest of all four roost sites and was used by several million birds of mixed
species, including starlings. The Morton and South Rittman roost sites were small roost sites
located close to each other, and Morton was the smallest, with only a few thousand starlings.
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Statistical analysis
Using a spatial scan statistic (SaTScanTM version 9.4.1, Martin Kulldorff and Information
Management Services Inc., Boston, MA), focal spatial scans were conducted to detect
statistically significant clusters of fecal pats with E. coli resistant to cefotaxime or ciprofloxacin
centered around the four night roosts. A Bernoulli model was utilized such that samples with
cefotaxime or ciprofloxacin resistant E. coli isolates were treated as cases and those without
resistant isolates were treated as controls. The focal scan made use of farm locations relative to
the four night roosts; the latitude and longitude of the night roosts and farms were recorded in
decimal degrees (Fig. 4.1). Scans were conducted for the entire study period (2007 - 2009) and
for individual years. Adjusted analyses were also conducted for the entire study period (2007 2009); these analyses adjusted for season and on-farm starling density (number of starlings per
milking cow) using the multiple data sets options and categorizing the above variables as
follows: season (summer (June - August) and fall (September - November)) and starling density
less than the median density (0.08 starlings per milking cow) or greater than or equal to the
median density. Starling number was determined by one to three trained personnel, who counted
the number of starlings present on each farm during the time of the day when starlings visit their
diurnal feeding sites (08:30 - 16:40 h). Birds were counted four times within an hour (every 10
min for 5 min) at three areas of the farm (barns, feed storage, and manure storage). The highest
of the counts among the counting periods was recorded as the number of starlings on the farm
(Cernicchiaro et al., 2012). The starling density was calculated based on the number of birds
counted during each visit divided by the total number of milking cows present at the time of the
visit; median density was determined from the 294 visits (i.e., 147 farms visited twice, due to
missing data on number of milking cows from three farms).
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The maximum spatial scanning window was set at 50% of the samples, and to detect
increased prevalence of resistance (i.e., one-sided hypothesis) to each antimicrobial within the
scanning window compared to outside the window at α = 0.05. In terms of criteria for reporting
secondary clusters, no restrictions were placed and the most likely statistically significant cluster
around each night roost was reported. Statistical significance was determined using 999 Monte
Carlo replications. Statistically significant scanned clusters were visualized using ArcGIS
version 10.2 (ESRI, Redlands, CA).
RESULTS
Of the 1,490 samples tested for cefotaxime and ciprofloxacin resistant E. coli, 200
samples (13.42%; 95% CI: 0.12 – 0.15) from 84 farms grew on the cefotaxime-containing media
and 202 samples (13.56%; 95% CI: 0.12 – 0.15) from 73 farms were recovered on the media
containing ciprofloxacin. Escherichia coli growing on both antimicrobial-containing media were
identified from 116 (7.79%; 95% CI: 6.53 – 9.26) of the samples that were collected from 51
farms. The distance of farms to known roost sites ranged from 1.8 to 511.8 km. The median
distance from night roosts to the study farms was generally closer for the farms in which at least
one of the fecal pat samples tested positive for E. coli resistant to either cefotaxime or
ciprofloxacin (Table 4.1).
For the unadjusted scan conducted for the entire study period, significant spatial clusters
of cefotaxime and ciprofloxacin resistant E. coli positive fecal pats were identified around each
night roost site with radii ranging from 38 to 52 km (Table 4.2, Figs. 4.2 & 4.3). The primary
clusters for cefotaxime and ciprofloxacin were observed around South Rittman and Apple Creek
roost sites, respectively, with secondary clusters around remaining night roost sites. For the
unadjusted scans conducted for individual years, a significant spatial cluster of fecal pats with
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cefotaxime resistant E. coli was identified in 2009 around the Apple Creek roost site with a
radius of 74.9 km. (Table 4.2; Fig. 4.2). Similar primary and secondary significant spatial
clusters of fecal pats with cefotaxime and ciprofloxacin resistant E. coli were also identified for
the season and on-farm starling density adjusted scans conducted for the entire study period
around each night roost site with radii ranging from 27 to 52 km (Table 4.3; Figs. 4.4 & 4.5).
DISCUSSION
European starlings are migratory birds that frequent livestock facilities, and other human
built and wild environments. Contact between starlings and cattle could result in the interspecies
transmission of pathogens and antimicrobial resistant organisms through direct contact as well as
contaminated feed and water (Carlson et al., 2015). The identification of statistically significant
spatial clusters focused around starling night roost sites in our study demonstrates that dairy
cattle housed closer to starling night roosts are more likely to harbour resistant organisms than
cattle housed on farms further away. Most of the spatial clusters identified in this study were less
than 50 km from a night roost, which is consistent with previous studies that have documented
feeding sites typically ranging between 24 and 48 km from night roosts, with some as high as 80
km away (Hamilton and Gilbert, 1969; Johnson and Glahn, 1994; LeJeune et al., 2008). The
clustering around the Lime Lakes roost site extended up to 52 km. This roost site is the largest of
the four night roost sites identified in the region and was inhabited by greater than one million
birds of mixed species at the time of sample collection (LeJeune et al., 2008). The travel distance
of birds using night roosts that accommodate large population of birds might be longer due to
competition for resources at farms closer to these roosts (Hamilton and Gilbert, 1969). Starlings
extend their daily flight distance from their night roost site to feeding sites depending on the
availability of feed (LeJeune et al., 2008). Our scan for samples from 2009 showed spatial
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clustering around the Apple Creek roost site that extended up to 75 km. In a previous study,
using these fecal pats, Swirski et al. (2014) identified spatial clusters of clades of E. coli
O157:H7 MLVA types that shared both bovine and starling types from cattle farms with radii of
17 to 69 km (Swirski et al., 2014).
After adjusting for season and on-farm starling density, there were still significant
clusters of bovine fecal pats with E. coli resistant to cefotaxime and ciprofloxacin around each
night roost site with only a small change in the cluster radii relative to non-adjusted scans.
Previous studies of other disease systems have found a shift of cluster location after covariate
adjustment (Sabel et al., 2007). This lack of change in our study suggests that seasonal and
diurnal starling density did not confound the relationship between spatial clustering and night
roost location; the clusters of fecal pats with antimicrobial resistant isolates did not depend on
the density of birds during the day, but possibly the number of birds passing through these farms
as they return to their night roost site.
A limitation of this study is that the farms sampled were not randomly selected; they
were chosen based on the willingness of farmers to participate. However, selection bias was
unlikely because the selection process could not be related to the outcomes (samples with
cefotaxime or ciprofloxacin resistant E. coli) and exposure (distance of farms from roost sites) of
interest, as the outcome at the original time of recruitment was unknown (i.e., the study was
originally designed for E. coli O157:H7). It is also possible that farms distant from the four
known night roost sites were close to other night roost sites that were not identified by the
research team. However, this would have decreased the likelihood of detecting clusters if this
resulted in a high prevalence of cefotaxime or ciprofloxacin resistant E. coli outside the area
surrounding known roost sites.
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This study made use of the stored enriched fecal samples collected from a previous study
that examined the associations between starling density and other farm management factors on
the prevalence of E. coli O157:H7 (Cernicchiaro et al., 2012); on-farm antimicrobial usage was
not recorded for this study. However, a study by Heider et al. (2009) indicated that ceftiofur was
commonly used on Ohio dairy farms ( 88% herd usage), yet the prevalence of ceftriaxone
resistant E. coli was not associated with on-farm ceftiofur usage. Therefore, it is unlikely that the
observed clustering of antimicrobial resistant E. coli around starling night roost sites was
attributed to differences in antimicrobial usage among the dairy farms. Based on the findings of
Heider et al. and our study, it is plausible that factors that move bacteria throughout the
agricultural landscape are important in explaining the prevalence of resistant organisms among
livestock facilities.
Antimicrobial resistant generic E. coli are potential reservoirs of resistance genes and can
transfer these genes to zoonotic pathogens (Sheikh et al., 2012). Therefore, in addition to the
implementation of direct practices to control antimicrobial resistant organisms in livestock
facilities, farm designs that reduce wild bird intrusions, such as locations away from flyways and
areas of high bird density, might provide a complementary approach to reduce antimicrobial
resistance among livestock, and should be further investigated. Starlings might have an important
role in spreading antimicrobial resistant E. coli to livestock environments, posing a threat to
animal and public health. Consequently, starling control, locating new farms away from starling
night roosts, or other methods to discourage starlings from visiting farms may act as an
unrecognized approach of antimicrobial stewardship.
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Table 4.1. Distance (km) of 150 Ohio dairy farms, with fecal pats that tested positive or negative for the presence of cefotaxime
(CTX) or ciprofloxacin (CIP) resistant E. coli from known European starling night roost sites (2007 – 2009).
Roost site

CTX resistance

CTX resistance

CIP resistance

CIP resistance

Positive farmsa

Negative farms

Positive farmsa

Negative farms

n = 84

n = 66

n = 73

n = 77

Median

IQRb

Median

IQRb

Median

IQRb

Median

IQRb

Apple Creek

28.66

17.90 - 46.31

39.58

22.46 - 80.83

27.00

17.29 - 45.24

39.59

22.51 - 80.83

Lime Lakes

45.78

23.56 - 57.59

54.07

31.54 - 90.39

48.41

26.87 - 57.28

54.08

30.31 - 90.39

Morton

37.46

17.90 - 56.79

51.46

26.97 - 86.19

38.62

18.08 - 55.95

51.46

26.97 - 87.00

S. Rittman

36.21

16.72 - 56.54

50.37

26.51 - 84.92

37.51

18.15 - 55.71

50.37

26.51 - 84.92

a

A farm was considered positive if at least one of the tested fecal pats contained resistant E. coli

b

Inter-quartile range
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Table 4. 2. Statistically significant unadjusted spatial clusters of bovine fecal pats with E.
coli resistant to cefotaxime (CTX) and ciprofloxacin (CIP) collected from dairy farms
around known European starling night roost sites in Ohio.
Roost site

AMR

Year of scan

O/Ea

RRb

No. of

Radius

farms

(km)

P-value

Apple Creek

CTX

2009

1.43

2.20

110

74.89

0.047

Apple Creek

CTX

2007-2009

1.33

1.99

75

37.67

<0.001

Lime Lakes

CTX

2007-2009

1.24

1.63

75

52.32

0.004

Morton

CTX

2007-2009

1.38

2.14

73

45.14

<0.001

South Rittman

CTX

2007-2007

1.40

2.20

72

43.99

<0.001

Apple Creek

CIP

2007-2009

1.43

2.48

75

37.67

<0.001

Lime Lakes

CIP

2007-2009

1.23

1.55

72

51.64

0.012

Morton

CIP

2007-2009

1.35

2.07

75

45.95

<0.001

South Rittman

CIP

2007-2009

1.38

2.21

75

47.90

<0.001

a

Observed/expected

b

Relative risk = an estimated risk of fecal pats within the cluster showing resistance relative to

the risk of fecal pats outside the cluster.
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Table 4.3. Statistically significant season and on-farm starling density adjusted spatial clusters of bovine fecal pats with E. coli
resistant to cefotaxime (CTX) and ciprofloxacin (CIP) collected from dairy farms around known European starling night roost
sites in Ohio for the period 2007 - 2009.
Roost site

AMa

Summer

Summer

Fall

≥ median density < median density ≥ median density
n* = 406

n* = 439

n* = 325

Fall

No. of

Radius

< median density

farms

(km)

P value

n* = 290

O/Eb

RRc

O/Eb

RRc

O/Eb

RRc

O/Eb

RRc

Apple Creek

CTX

1.30

1.56

0.99

0.98

1.61

2.40

1.22

1.70

69

33.32

0.011

Apple Creek

CIP

2.08

3.24

1.08

1.15

1.91

3.05

1.30

1.69

52

26.99

<0.001

Lime Lakes

CTX

1.68

3.04

1.26

1.77

1.35

1.71

0.97

0.95

67

50.25

0.017

Lime Lakes

CIP

1.51

2.63

1.17

1.46

1.50

2.18

0.95

0.90

72

51.64

0.010

Morton

CTX

1.66

4.29

1.10

1.24

1.59

2.63

1.19

1.61

74

45.95

<0.001

Morton

CIP

1.29

1.75

1.07

1.15

1.78

3.70

1.23

1.76

74

45.95

<0.001

S. Rittman

CTX

1.66

4.29

1.15

1.36

1.60

2.54

1.23

1.72

72

43.99

<0.001

S. Rittman

CIP

1.29

1.75

1.07

1.15

1.78

3.70

1.23

1.76

74

47.23

<0.001

a

Antimicrobial
Observed/expected
c
Relative risk = an estimated risk of fecal pats within the cluster showing resistance relative to the risk of fecal pats outside the cluster.
*Total of 1460 samples were included for analyses due to missed data on starling density from three farms.
b
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Figure 4.1. Geographic location of known European starling night roosts, and 150 Ohio
dairy farms with fecal pats that tested positive or negative for the presence of cefotaxime
(CTX) and/or ciprofloxacin (CIP) resistant E. coli (2007 – 2009).
A farm was considered positive if at least one of the tested fecal pats contained resistant E.
coli.

.
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------ 2009

Figure 4.2. Non–adjusted statistically significant clusters of bovine fecal pats with E. coli
resistant to cefotaxime among dairy cattle farms around the four identified night roost sites
based on focal scans for the period 2007-2009, and yearly scans.
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Figure 4.3. Non–adjusted statistically significant clusters of bovine fecal pats with E. coli
resistant to ciprofloxacin among dairy cattle farms around the four identified night roost
sites based on focal scans for the period 2007-2009, and yearly scans.
*No significant clusters were identified based on yearly scans.
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Figure 4.4. Statistically significant season and on-farm starling density adjusted spatial
clusters of cefotaxime resistant E. coli isolated from dairy cattle fecal pats around known
European starling night roost sites in Ohio based on focal scans for the period 2007 – 2009.

106

Figure 4.5. Statistically significant season and on-farm starling density adjusted spatial
clusters of ciprofloxacin resistant E. coli isolated from dairy cattle fecal pats around known
European starling night roost sites in Ohio based on focal scans for the period 2007 -2009.
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CHAPTER FIVE
ON-FARM STARLING POPULATIONS AND OTHER ENVIRONMENTAL AND
MANAGEMENT FACTORS ASSOCIATED WITH THE PRESENCE OF
CEFOTAXIME AND CIPROFLOXACIN RESISTANT E. COLI AMONG DAIRY
CATTLE IN OHIO
Formatted for publication in Preventive Veterinary Medicine and submitted in April 2016.
ABSTRACT
Wild birds that forage around livestock facilities have been implicated as vectors of
antimicrobial resistant organisms. Although antimicrobial resistant bacteria have been isolated
from European starlings (Sturnus vulgaris), their role in the dissemination of antimicrobial
resistant elements in livestock facilities needs further investigation. To determine whether onfarm starling density and other factors were associated with the presence of cefotaxime and
ciprofloxacin resistant E. coli among dairy cows in Ohio, bovine fecal pats from 150 farms were
tested for the presence of cefotaxime and ciprofloxacin resistant E. coli. Each farm was visited
twice (during the summer and fall of 2007-2009). Multi-level logistic regression models with a
random intercept to account for fecal pats collected within a specific visit to a farm were used to
assess the associations. The percentage of samples with cefotaxime and ciprofloxacin resistant E.
coli was 13.42% and 13.56%, respectively. The percentage of farms having at least one sample
testing positive for cefotaxime and ciprofloxacin resistant E. coli was 56.67% and 48.67%,
respectively. The odds of detecting cefotaxime and ciprofloxacin resistant E. coli in the samples
was significantly higher in 2007 compared to 2008 and 2009, in fall compared to summer, and
from farms closer than 60 km to starling night roost sites compared to the farms further than 60
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km. The presence of starlings during the day had a sparing effect on the likelihood of detecting
cefotaxime resistant E. coli, and presence of calves had sparing effect on the likelihood of
detecting both cefotaxime and ciprofloxacin resistant E. coli. European starlings might play a
role in the dissemination of antimicrobial resistant agents in livestock facilities related to their
daily population movements rather than the specific density of birds on farm during the day.
Keywords: cefotaxime, ciprofloxacin, E. coli, logistic regression, multi-level models, starling
INTRODUCTION
In addition to the risk of transmitting antimicrobial resistant organisms through animal
products, food animals can contaminate soil and water environments with resistant organisms
that can also be transmitted to humans (Chee-Sanford et al., 2001). Wild birds that forage around
livestock facilities have been implicated as vectors for the spread of antimicrobial resistant
organisms (Dolejska et al., 2007; Literak et al., 2007; Bonnedahl and Jarhult, 2014). Birds that
live close to livestock and human environments tend to harbor a higher prevalence of
antimicrobial resistant organisms compared to birds that live far from livestock and human
surroundings (Allen et al., 2010). There is evidence suggesting that reciprocal inter-species
transmission of antimicrobial resistance determinants is possible; similar sequence types of
extended spectrum beta-lactamase producing Escherichia coli were isolated from Franklin’s
gulls (Leucophaeus pipixcan) and humans living in the same area (Hernandez et al., 2013).
European starlings (Sturnus vulgaris), one of the most abundant migratory bird species in
North America (Feare, 1984), have been implicated in the transmission of zoonotic pathogens,
such as E. coli O157:H7, Salmonella spp., and Campylobacter jejuni; (LeJeune et al., 2008;
Carlson et al., 2011; Williams et al., 2011; Carlson et al., 2012; Sanad et al., 2013; Carlson et al.,
2015); however, their role in the transmission of antimicrobial resistant organisms needs further
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investigation. Ciprofloxacin resistant C. jejuni have been isolated from starlings captured on
Ohio dairy cattle facilities (Sanad et al., 2013). Escherichia coli isolates from starlings captured
on livestock facilities in Kansas were tested for their susceptibility to tetracycline, gentamicin,
streptomycin, trimethoprim/sulphamethoxazole, kanamycin, chloramphenicol, and ampicillin,
and 49% showed resistance to at least one antimicrobial (Gaukler et al., 2009). Moreover,
indistinguishable antimicrobial resistant Salmonella enterica isolates were recovered from
bovine fecal and starling gastro-intestinal samples, supporting possible transmission of
antimicrobial resistant S. enterica between cattle and starlings that live around dairy farms
(Carlson et al., 2015).
The distance of farms from starling night roost sites and on-farm starling density were
found to be associated with the prevalence of E. coli O157:H7 in Ohio dairy cattle farms
(Cernicchiaro et al., 2012; Swirski et al., 2014). In addition, statistically significant spatial
clusters of molecular subtypes of E. coli O157:H7 isolated from bovine fecal pats, that were part
of clades sharing cow and starling isolates, were detected on dairy farms close to night roost sites
(Swirski et al., 2014). Further, spatial clusters of bovine fecal pats with a high prevalence of
cefotaxime and ciprofloxacin resistant E. coli were identified around these same night roost sites
(chapter 4). Therefore, the aim of this study was to determine if on-farm starling density and
other management and environmental factors, including distance of farm from starling night
roost sites, were associated with the presence of cefotaxime and ciprofloxacin resistant E.coli
among dairy cattle in Ohio.
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MATERIALS AND METHODS
Study farms and sampling
Originally, samples were collected to study the association of wild bird density and farm
management factors with the prevalence of E. coli O157:H7 (Cernicchiaro et al., 2012). Dairy
farms (n=150) from 32 counties in Ohio, USA were selected from the Ohio Commercial Grade A
producers listing. Farms with at least 30 cows on a farm and willing to complete a questionnaire
were included. Each farm was visited twice (during the summer and fall of 2007-2009). Bovine
fecal pat collection and questionnaire administration occurred during each visit and aliquots of
the overnight nonselective broth enrichments of these fecal samples were stored at -80º C in 30%
buffered glycerol (Cernicchiaro et al., 2012). For the current study, five bovine fecal samples
from each visit (for a total of 10 samples per farm) were tested for cefotaxime and ciprofloxacin
resistant E. coli, except for two farms, for which samples were only available from the second
visit.
Using the data derived from the questionnaire previously administered to the study farms,
we were able to gather information on temporal, environmental, and dairy farm management
factors. Temporal factors included year (2007-2009) and season (summer (June-August) and fall
(September-November)) of sampling. Environmental factors included on-farm starling density
(i.e., number of starlings per milking cow), distance of farm from four starling night roost sites
(Apple Creek, Lime Lakes, Morton, and South Rittman; LeJeune et al., 2008), and presence of
other mammals (wild/domestic) on the farm. Farm management factors included manure and
feed management practices, and farm infrastructure (e.g., type of barn, number of barns, source
of water for the cows, type of roof and ventilation) (Fig. 5.1). A full description of the
questionnaire has been reported previously (Cernicchiaro et al., 2012; Medhanie et al., 2015).
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Formal sample-size calculations were not conducted at the start of this study because the
data were collected for a previous study that assessed the association between starling density
and other risk factors on the prevalence of E. coli O157:H7 in bovine fecal pats. The prevalence
of resistant E. coli was estimated using information from a previous study in Ohio dairy farms
that detected blaCMY-2 carrying E. coli from 94.8% of bovine fecal samples (Mollenkopf et al.,
2012). Assuming a 15% lower prevalence of cefotaxime and ciprofloxacin resistant E. coli in
samples from cattle on farms with a low starling density (compared to a high density), and an
intra-class correlation coefficient of 0.8 (estimated using datum from Heider et al., 2009), four
samples from 150 farms would be adequate to detect this difference with 80% power and 95%
confidence. Consequently, the collected sample size (five samples per visit) should have given us
sufficient power to detect a difference in prevalence between farms with higher and lower levels
of starling density.
Antimicrobial resistance detection
For each enriched fecal sample, a loopful (10 µl) of the sample was streaked onto
MacConkey agar supplemented with 2 μg/ml cefotaxime on one section and 1 μg/ml
ciprofloxacin on another section, and incubated for 24 to 36 hours at 37ºC. Up to three lactosepositive (if present) colonies from each media were selected and confirmed as E. coli using the
indole test. A sample was considered positive if at least one colony of E. coli was confirmed.
Multi-level logistic regression model building
Associations between the presence of cefotaxime and ciprofloxacin resistant E. coli in
bovine fecal pats (the outcomes) with temporal, environmental, and farm management factors
were assessed using multivariable multilevel logistic regression models with random intercepts
to control for clustering of fecal pats nested within a specific visit to a farm and visits nested

112
within farms. Initially, logistic regression models with one fixed effect and the random intercepts
described above were fitted using the “melogit” command in Stata 13 (Stata Corporation,
College Station, TX, USA) to screen associations using a liberal significance level of α = 0.2.
Potential collinearity among the independent variables, that were significant on
univariable screening, was investigated using the Spearman rank correlation test and pairs of
variables with rho (ρ) ≥ |0.8| were considered to be of concern. If variables were highly
correlated, only one of them was selected for inclusion in the multivariable model based on
biological plausibility or fewer missing observations. The linearity of continuous exposure
variables against the logit of the outcome was assessed graphically using lowess curves. If the
relationship was not linear the following were attempted: 1) a quadratic relationship was
modeled if appropriate based on visualization of the relationship; 2) a log transformation was
used to linearize the relationship; or 3) if 1 and 2 were not appropriate or successful, the variable
was categorized based on quartiles or biologically relevant cut-points.
Each final model (cefotaxime resistance; ciprofloxacin resistance) was built using a
manual backward elimination of non-significant variables at α = 0.05, unless the variables were
confounders or part of a significant interaction term. Confounding was assessed following
removal of a non-significant variable from the model by inspecting changes in the coefficients of
the remaining significant variables. Changes > 25% were considered to indicate confounding
assuming the variable was not an intervening variable. Interaction effects between pairs of the
remaining exposure variables were generated and assessed in the main effects model. Any
statistically significant interaction terms were retained in the model.
Pearson and deviance residuals at the fecal pat-level were assessed to identify potential
outliers. The normality and homogeneity of variances of the best linear unbiased predictors
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(BLUPs) were assessed visually by examining normal quantile plots and scatter plots of BLUPS
against the log odds of the predicted outcome, respectively. The variance partition coefficients
were estimated from the variance components of these models using the latent variable technique
(Dohoo et al., 2009).
RESULTS
Descriptive summary
Bovine fecal samples (n = 1,490) were tested for cefotaxime and ciprofloxacin resistant
E. coli; 740 samples were from the first visit and 750 were from the second visit (Table 5.1). The
yearly distribution of samples was 310, 540, and 640 in 2007, 2008, and 2009, respectively.
The proportion of samples with cefotaxime and ciprofloxacin resistant E. coli was 13.42
% (95% CI: 11.73 – 15.26 and 13.56 % (95% CI: 11.86 – 15.40), respectively (Table 5.1), with
56.67% (95% CI: 48.34– 64.73) and 48.67% (95% CI: 40.43– 56.95) of farms having at least one
sample testing positive for cefotaxime and ciprofloxacin, respectively.
Assessment of continuous variables for linearity
The distances of each farm from the four starling night roost sites were highly correlated
(ρ ≥ 0.95). Consequently, a variable for “distance from the closest night roost” was generated.
This variable was evaluated by categorizing distance into quartiles as well as by dichotomizing
the variable into two categories (less than or equal to 60 km and greater than 60 km away) based
on previous reports of starling daily travel distance between feeding sites and night roosts in the
study location (Homan et al., 2010; Swirski et al., 2014). On-farm number of birds (starlings and
other wild birds) at the time of a visit was categorized into quartiles. On-farm number of
starlings and on-farm starling density were dichotomized into two categories (presence and
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absence ) due to the large number (41%) of observations for which no starlings were identified;
however, these two variables were perfectly correlated (ρ = 1.00). On-farm number of starlings
was selected for further analysis because of fewer missing observations (density could not be
calculated for some farms due to missing data for the number of milking cows).
Univariable multi-level models
The random intercept for farm was removed from the multi-level models during
univariable screening because the variance at the farm level was very low (i.e., < 1.42 x 10-11).
Consequently, only a random intercept to account for fecal pats collected within a specific visit
to a farm were included in subsequent models.
The presence of cefotaxime resistant E. coli in bovine fecal pats was significantly (P ≤
0.2) associated with the following factors on univariable analysis: year and season of sampling;
distance of each farm from the closest night roost; on-farm number of birds; on-farm number of
starlings; presence of calves, heifers, and wild mammals on farm; stall bedding material; and
type of feed for the cows (Table 5.2).
The presence of ciprofloxacin resistant E. coli in bovine fecal pats was significantly (P ≤
0.2) associated with the following factors on univariable analysis: year and season of sampling;
distance of each farm from the closest night roost; on-farm number of birds; on-farm number of
starlings; presence of calves and wild mammals on farm; stall bedding material; and type of feed,
feeding method, and type of feed storage for the cows (Table 5.2).
Multivariable multi-level models
The final multivariable models were similar for each outcome, except for on-farm
number of starlings, which was significantly (P ≤ 0.05) associated with the presence of
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cefotaxime resistant E. coli, but not ciprofloxacin resistant E. coli (Table 5.3). The odds of
cefotaxime resistant E. coli in bovine fecal pats were lower on farms in which starlings were
present compared to farms in which starlings were absent.
Year and season of sampling, distance from the closest night roost, and presence of
calves on farm were significantly associated with the presence of cefotaxime and ciprofloxacin
resistant E. coli in bovine fecal pats (Table 5.3). The odds of cefotaxime and ciprofloxacin
resistant E. coli in fecal pats were lower in 2008 and 2009 compared to 2007. There was no
significant difference between 2008 and 2009 for cefotaxime resistant E. coli (OR = 1.35, 95%
CI: 0.51 – 3.55; P = 0.541); however, for ciprofloxacin resistant E. coli, the odds were
significantly higher in 2008 compared to 2009 (OR = 4.34, 95% CI: 1.40 – 13.44; P = 0.011).
The odds of cefotaxime and ciprofloxacin resistant E. coli in the fecal pats were higher in fall
than in summer. The distance of each farm from the closest night roost site was significant when
modeled by quartile and as a dichotomous variable; the dichotomous variable is presented in the
final models for simplicity (Table 5.3). The odds of cefotaxime and ciprofloxacin resistant E.
coli were lower in fecal pats from farms that were further than 60 km to the nearest night roost
compared to those closer than 60 km. The presence of calves on farm at the time of sampling had
a sparing effect on the likelihood of detecting cefotaxime and ciprofloxacin resistant E. coli.
Similar to the univariable models, the variance explained at the farm level was extremely
low for both models (1.12 x 10-33 and 1.02 x 10-34 for the cefotaxime and ciprofloxacin models,
respectively). Consequently, only the random intercept to account for fecal pats collected within
a specific visit to a farm was included in each final model. The proportion of variance in the
cefotaxime and ciprofloxacin resistance models that was explained at the level of a specific visit
to a farm was 50% and 56%, respectively. There were no concerning residuals or potential
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outliers identified by evaluation of the residuals and BLUPs; the BLUPs based on visual
assessment were normally distributed and had a constant variance.
DISCUSSION
Wild birds have been identified as potential reservoirs and vectors of antimicrobial
resistant organisms (Smith et al., 2014; Carroll et al., 2015). Consequently, there is a need to
investigate the role of birds in spreading resistant genetic elements in bacteria to livestock and
human environments. This study investigated the potential role of European starlings in the
transmission of antimicrobial resistant organisms among dairy cattle farms. Variables related to
year, season, starling populations, and farm management were significantly associated with the
presence of cefotaxime and ciprofloxacin resistant E. coli in bovine fecal pats.
We found that the odds of detecting cefotaxime and ciprofloxacin resistant E. coli in
bovine fecal pats were lower in 2008 and 2009 compared to 2007. Although the same farms were
not repeatedly sampled every year, year was also associated with starling density in our previous
study of management factors that influence on-farm density of European starlings in Ohio, which
utilized the same dataset (Medhanie et al., 2015). In addition, there has been anecdotal
information from farmers that participated in the study that starlings had become less of a
problem over the study period. These annual changes might reflect broader changes in the
starling population throughout the region. Seasonal changes might relate to the nature of the
foraging behaviour of the birds. During the late spring and early summer, which is the starling’s
breeding season, starlings are less active on farms while they forage for insects for their young,
whereas in late summer and fall they more actively forage on livestock feed (Kessel, 1957;
Williamson and Gray, 1975).
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Distance between farm and the closest night roost site was significantly associated with
the presence of cefotaxime and ciprofloxacin resistant E. coli in the multivariable models. This
finding is consistent with a previous analysis based on E. coli O157:H7 (Swirski et al., 2014),
and is supported by our previous finding of significant spatial clusters of bovine fecal pats with a
high prevalence of cefotaxime and ciprofloxacin resistant E. coli around these same night roost
sites (chapter 4). Even after adjusting for on-farm starling density in the spatial analysis, there
were statistically significant clusters of cefotaxime and ciprofloxacin resistant E. coli around
these night roosts, suggesting that the clusters of antimicrobial resistant isolates do not depend on
the specific density of starlings during the day, but possibly the movement of starlings on farms
during travel to and from night roosts (chapter 4). In our ciprofloxacin model, the on-farm
number of starlings was not a statistically significant variable, yet in our cefotaxime model, the
presence of starlings on farm had a sparing effect on the presence of cefotaxime resistant E. coli
in bovine fecal pats. The latter finding is in contrast with a previous finding that starling density
was positively associated with E. coli O157:H7 (Cernicchiaro et al., 2012).
The protective effect of having calves on a farm for the presence of cefotaxime and
ciprofloxacin resistant E. coli might reflect differences in biosecurity between farms. Acquiring
or raising replacement heifers offsite, where animals are mixed from multiple farms might allow
for the introduction of resistant organisms when these heifers are reintroduced to a herd.
Maintaining a closed herd has been recommended as a biosecurity measure against other cattle
pathogens and could also protect against the introduction of antimicrobial resistant organisms
(Wells, 2000). Further study of replacement heifers and their management is warranted.
Initially, the hierarchical structure of our models included fecal samples, visit (capturing
location and time of sampling), and the farm itself. The extremely small proportion of variance
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explained by the farm level suggests that the correlation in the prevalence of resistance was very
small between visits to the same farm. However, the large variance component at the visit level
for a particular farm indicates that the correlation among samples in terms of carrying resistant E.
coli at the time of a visit was relatively high, and this could be related to farm and environmental
management factors that could change by visit and impact the presence of antimicrobial resistant
E. coli on the farms.
This study made use of the stored, enriched fecal samples collected as part of another
study on E. coli O157:H7; consequently, on-farm antimicrobial usage was not recorded.
However, other studies have documented the frequent usage of antimicrobials on Ohio dairy
farms (Tragesser et al., 2006; Heider et al., 2009). Ceftiofur (a third generation cephalosporin)
was used by 88% of the dairy farms in a survey that recorded antimicrobial usage in this area in
2009 (Heider et al., 2009). In that study, the usage of ceftiofur was not associated with the
detection of E. coli resistance to ceftriaxone. On-farm use might be less relevant when
antimicrobial resistant organisms are readily dispersed in the environment and overall prevalence
of antimicrobial usage is particularly high.
CONCLUSIONS
Based on the associations observed, European starling night roost sites could be sources
of antimicrobial resistant organisms to dairy cattle farms in Ohio. In particular, large changes in
populations of starlings and their movements throughout the landscape might be more important
than the actual number of birds observed on farm. Consequently, additional studies in other
regions are required to confirm the importance of the impact of these birds throughout the
environment and assess the impact of limiting bird access to farms.
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Table 5.1. Sample and farm prevalence of cefotaxime and ciprofloxacin resistant E. coli
among Ohio dairy cattle (2007 – 2009).
Antimicrobials

Visit 1

Visit 2

Visits 1 & 2

Farm

na = 740

na = 750

na = 1,490

nc = 150

nb (%)

nb (%)

nb (%)

nb (%)

Cefotaxime

48 (6.49)

152 (20.27)

200 (13.42)

85 (56.67)

Ciprofloxacin

58 (7.84)

144 (19.20)

202 (13.56)

73 (48.67)

90 (12.00)

116 (7.79)

51 (34.00)

Cefotaxime & ciprofloxacin 26 (3.51)
a

Number of samples

b
c

Number of positive samples

A farm was considered positive for resistant E. coli if at least one sample tested positive.
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Table 5.2. Results of univariable, multi-level logistic regression models with random
intercept to account for bovine fecal pats collected within a specific visit to a farm
examining the association between temporal, environmental, and farm management factors
with the presence of cefotaxime and ciprofloxacin resistant E. coli on Ohio dairy cattle
farms.
Cefotaxime
Variable

OR

Ciprofloxacin
95% CI

P-value*

OR

95% CI

P-value*

Year
2007 (31/150)

Refa

Refa

2008 (54/150)

0.23

0.09, 0.56

0.001

0.27

0.10, 0.71

0.008

2009 (65/150)

0.09

0.04, 0.23

< 0.001

0.03

0.01, 0.10

< 0.001

2.64, 14.09

< 0.001

Season
Summer (87/150)

Refa

Fall (63/150)

5.26

Refa
2.49, 11.11

< 0.001

6.09

Distance from closest
roost (km)
1.89 – 12.99 (39/150)

Refa

Refa

13.00 – 32.99 (37/150)

0.82

0.32, 2.09

0.676

1.59

0.55, 4.60

0.396

33.00 – 67.99 (38/150)

0.75

0.29, 1.91

0.539

0.88

0.29, 2.59

0.811

68.00 -511.80 (36/150)

0.12

0.04, 0.36

< 0.001

0.08

0.02, 0.31

< 0.001

0.03, 0.32

< 0.001

Distance from closest
roost (km)
≤ 60 (108/150)
> 60 (42/150)

Refa
0.21

Refa
0.09, 0.51

a a
RefRef

0.001

0.10

On-farm no. of birdsbc
0 – 9 (37/150)

Refa

Refa

10 – 49 (33/150)

0.44

0.16, 1.25

0.123

0.46

0.14, 1.50

0.196

50 – 124 (43/150)

0.26

0.09, 0.72

0.009

0.24

0.08, 0.74

0.013

125 – 4,000 (37/150)

0.44

0.16, 1.19

0.106

0.30

0.09, 0.95

0.040
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Cefotaxime
Variable

OR

Ciprofloxacin
95% CI

P-value*

OR

95% CI

P-value*

0.17, 0.89

0.026

0.23, 1.17

0.115

0.12, 0.14

0.080

On-farm no. of
starlings
Absence (61/150)

Refa

Presence (89/150)

0.38

Refa
0.19, 0.79

0.009

0.39

Calves on farm
No (20/150)

Refa

Yes (130/150)c

0.40

Refa
0.19, 0.84

0.015

0.52

Heifers on farm
No (40/150)

Refa

Yes (110/150)c

0.55

Refa
0.27, 1.13

0.103

n.sh

Wild mammals on
farmd
No (119/150)

Refa

Yes (31/150)c

0.38

Refa
0.14, 1.01

0.053

0.37

Stall bedding
Sand (52/134)

Refa

Refa

Sawdust (39/134)

1.56

0.63, 3.87

0.330

1.62

0.56, 4.72

0.376

Straw (26/134)

0.46

0.15, 1.42

0.176

0.35

0.09, 1.33

0.124

Othere (17/134)

0.34

0.09, 1.33

0.123

0.35

0.07, 1.71

0.195

Feed type
Total mixed ration

Refa

Refa

(56/146)
Silage (35/146)

0.38

0.15, 0.96

0.042

0.25

0.08, 0.78

0.017

Grazing (8/146)

0.09

0.01, 0.75

0.025

0.08

0.01, 0.76

0.028

Combination (38/146)

0.24

0.09, 0.63

0.003

0.21

0.07, 0.64

0.006

1.19, 7.38

0.019

Feeding method
Aisle (66/148)
Bunk (67/148)

Refa

Refa
n.s.h

2.97
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Cefotaxime

Ciprofloxacin
OR

95% CI

P-value*

1.92

0.42, 8.81

0.400

0.27

0.07, 1.04

0.057

Bunker (9/142)

0.23

0.03, 1.78

0.160

Otherg (35/142)

0.12

0.03, 0.39

0.001

Variable

OR

95% CI

P-value*

Otherf (15/148)
Feed storage
Silos (76/142)

Refa

Bagged (22/142)

Refa
n.s.h

*

Only associations statistically significant at P ≤ 0.2 for resistance to at least one of the

antimicrobials are presented
a

Referent

b
c

Starlings and other wild birds

Present on at least one visit

d

Raccoon, coyote, deer, skunk, possum, ground hog, fox, rabbit

e

Compost pack, mats, rubber mats, dirt

f

Bale ring, pasture, hay ring, bunk on ground, in parlour

g

Bin, hay, open pit, uncovered pile, bale

h

Not significant at α = 0.2
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Table 5.3. Results of multivariable multi-level logistic regression models with a random
intercept to account for fecal pats collected within a specific visit to a farm examining the
association between temporal, environmental, and farm management factors with the
presence of cefotaxime and ciprofloxacin resistant E. coli on Ohio dairy cattle farms (n =
150 farms).
Cefotaxime
Variable

OR

Ciprofloxacin
95% CI

P-value

OR

95% CI

P-value

Year
2007

Refa

Refa

2008

0.18

0.08, 0.42

< 0.001

0.22

0.09, 0.53

0.001

2009

0.13

0.05, 0.40

< 0.001

0.05

0.01, 0.19

< 0.001

1.71, 8.02

0.001

0.09, 0.89

0.032

0.28, 1.20

0.139

0.08, 0.47

< 0.001

Season
Summer

Refa

Fall

4.07

Refa
2.01, 8.21

< 0.001

3.71

Distance from closest roost
(km)
≤ 60 km

Refa

> 60 km

0.31

Refa
0.11, 0.83

0.020

0.28

On-farm no. of starlings
Absence of starlings

Refa

Presence of starlings

0.46

Refa
0.24, 0.90

0.023

0.58

Calves on farm
No

Refa

Yes

0.23

Refa
0.10, 0.49

< 0.001

0.19

Variance components
Variance (95% CI)

3.33 (2.08, 5.31)

4.23 (2.63, 6.83)

VPCb (95% CI)

0.50 (0.39, 0.62)

0.56 (0.44, 0.67)

a

Referent

b

Variance partition coefficient
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Farm management

Infrastructure

Feed type and storage

# barns

Cattle feeding locations

Ventilation system

Manure storage and removal

Type of roof
Water source

Manure storage
Year

Freq. Manure removal

2007-2009

CTX and CIP
resistant E. coli

Water sources

Season

Type of barn
Birds on farm

Summer vs. fall

Calf housing
# starlings on farm
# birds on farm
Starling density (# starlings/cow)
Bird density (# birds/cow)

Distance of
farm from
roosting sites

Figure 5.1. Causal diagram of the association between temporal, environmental, and farm
management factors with presence of cefotaxime (CTX) and ciprofloxacin (CIP) resistant
E. coli in fecal pat samples from dairy cattle in Ohio (2007 – 2009).

129

CHAPTER SIX

SUMMARY CONCLUSIONS AND RECOMMENDATIONS

Wildlife-human interactions are changing with the expansion of urban environments and
climate change potentially leading to the increased spread of pathogens (Mawdsley et al., 2009;
Rosell and Llimona, 2012). Consequently, humans may be at increased risk of exposure to
zoonotic diseases from wild animals through direct and indirect pathways (Simpson, 2002;
Millan et al., 2004). In particular, birds that depend on livestock feed, and/or spend their days
close to urban/ suburban surroundings are a concern due to their potential ability to disseminate
pathogens and antimicrobial resistant organisms to humans and agricultural animals (Hubalek,
2004; Foster et al., 2006). This thesis examined the role of European starlings, a wild bird
species that frequents livestock facilities and urban/suburban areas, in the dissemination of
Escherichia coli O157:H7, Salmonella spp. and antimicrobial resistant E. coli in Ohio dairy
farms.

This thesis is a continuation of a project that examined the association between starling
density and other farm management factors with the prevalence of E. coli O157:H7 in dairy
cattle based on data collected between 2007-2009 (Cernicchiaro et al., 2012). In this study, a
statistically significant association between the prevalence of E. coli O157:H7 and on-farm
starling density was identified (Cernicchiaro et al., 2012). Using this dataset, similarities of
MLVA sequence types between E. coli O157:H7 isolated from starling intestinal contents and
bovine fecal samples were also detected (Williams et al., 2011). Starling night roost sites were
identified as potential center for the dissemination of E. coli O157:H7 to dairy farms based on a
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focal spatial scan test (Swirski et al., 2014). Consequently, these studies have implicated
starlings in the dissemination of E. coli O157:H7 among Ohio dairy farms.

As a continuation of these studies, I have assessed environmental and farm management
factors that could be associated with daily on-farm starling density, and the impact of starlings
and farm management and other environmental factors on the prevalence of cefotaxime and
ciprofloxacin resistant E. coli on these same farms. I have also assessed spatial clustering of
cefotaxime and ciprofloxacin resistant E. coli around starling night roost sites to determine if
starling night roosts might be centers for the dissemination of antimicrobial resistant E. coli to
dairy farms. Using a longitudinal study design involving 15 farms from this study population, I
also examined the temporal pattern of cattle feed contamination with excrement from European
starlings, and the recovery of E. coli O157:H7 and Salmonella spp. from bird excreta in relation
to the absolute mass of excrement recovered from these dairy farms (chapter 3; Medhanie et al.,
2014).

Major findings
According to the longitudinal study, the level of contamination of cattle feed by starling
excrement was highest in the winter; whereas, the likelihood of recovery of E. coli O157:H7 or
Salmonella spp. from the excrement of these birds was lower in the winter compared to the rest
of the other seasons. Interestingly, the period when fecal contamination was highest did not
coincide with the period when cow fecal pats and bird excreta were most likely to be positive for
zoonotic pathogens such as Salmonella spp. and E. coli O157:H7 (Callaway et al., 2009).
However, the transmission of zoonotic pathogens from birds to cattle is not expected to be
influenced solely by the magnitude of contamination with bird excreta but also by the prevalence

131
of the pathogen. The significance of higher levels of contamination of the farm environment by
starling excrement in the winter on the epidemiology of these pathogens in cattle still needs
further exploration.
I have suggested non-lethal alternatives for starling control on dairy farms based on the
results of statistical models that assessed the impact of farm structure and management on
European starling density on dairy farms (chapter 2; Medhanie et al., 2015). Based on these
findings, reducing starlings’ access to feed and cattle manure by feeding cattle indoors rather
than outdoors, and minimizing access to fresh manure are practical approaches to discourage
starlings from dairy farms (chapter 2; Medhanie et al., 2015). However, on-farm starling density
during the day may not fully explain the impact of these birds on the spread of antimicrobial
resistant organisms.
Major findings from chapters 4 and 5, indicated the importance of starling night roost
sites and the movement of starlings from and to roost sites in the dissemination of cefotaxime
and ciprofloxacin resistant E. coli to dairy farms. The spread of antimicrobial resistance by
starlings visiting dairy farms during their daily movement to and from roost sites was likely more
important than the actual density of birds on a farm. This is a very important finding, because
starlings are known to disseminate antimicrobial resistant organisms in cattle farms mechanically
by carrying genes for antimicrobial resistance in bovine feces on their feet and feathers (Carlson
et al., 2015). Potentially, a large number of birds that have visited several farms might pass
through a farm close to a night roost spreading these resistance genes among farms. Therefore,
methods to discourage starlings from farms and, if feasible, locating new farms away from
starling night roosts are suggested as additional approaches to reduce antimicrobial resistance on
dairy farms (chapter 4).
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Study limitations
The use of a repeated cross-sectional study that involved two visits to each farm is
associated with some biases or limitations. Prevalence (rather than incidence) of cefotaxime and
ciprofloxacin resistant E. coli in fecal pats was measured in two of the studies (chapter 4 & 5) in
this thesis, and this makes it difficult to separate factors that impact duration versus incidence of
shedding of resistant E. coli in cattle fecal pats. In addition, there are several non-quantifiable
exposures to antimicrobial resistant organisms in livestock facilities (Morley et al., 2011). Crosssectional studies are beneficial in identifying a large number of associations and hypothesis
generation (Mann, 2003). Our research identified significant associations that could be the basis
for future studies.

Study farms were selected by convenience rather than random selection. Although
random farm sampling would have been superior, convenience sampling can be a realistic
approach as long as a valid approach to selection of study subjects is justified (Marshall, 1996).
In this study, farms were recruited from 32 counties known for their higher cattle density. Dairy
farms with at least 30 cows per farm with owners/managers who were willing to complete a
questionnaire were included in the study (Cernicchiaro et al., 2012). Convenience sampling
could have exposed this research to selection bias. However, for selection bias to occur the
recruitment process would have to have influenced the exposure and outcome characteristics of
the study farms. Without knowledge of the outcome by the farmer, it is difficult to imagine how
willingness to participate in the study biased my results. This bias is even less likely in my study
since the decision to examine cefotaxime and ciprofloxacin resistant E. coli was made after the
bovine fecal samples were collected for the previous study on E. coli O157:H7.
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Because this thesis was a continuation of a previous study, an estimation of the sample size
required to satisfy the study goals was not performed. However, based on a post-hoc sample size
calculation, there should have been sufficient power to detect epidemiologically relevant
differences in prevalence between farms with higher and lower levels of starling density (chapter
5).

Unfortunately, due to the original goals of data collection, antimicrobial usage in the
study farms was not recorded. However, a study from Ohio dairy farms in 2009 reported the
common usage of antimicrobials and that usage of ceftiofur was not associated with the detection
of E. coli resistant to ceftriaxone (Heider et al., 2009). Moreover, other studies reported the
common and often extra-label usage of third-generation cephalosporins in US dairy farms
(Sawant et al., 2005). Antimicrobial usage on a specific farm might be less critical to selection
and spread of antimicrobial resistant organisms when these are spread in the environment by
other means, such as wild birds, particularly when there is a widespread and frequent
antimicrobial usage on other farms.

Recommendations
The studies in this thesis have emphasized the significance of starlings in the
epidemiology of zoonotic pathogens (E. coli O157:H7, Salmonella spp.) and cefotaxime and
ciprofloxacin resistant E. coli on dairy cattle farms. However, additional studies are required to
ensure pre-harvest food safety.

The longitudinal study (chapter 3) is novel in exploring the temporal pattern of
contamination of cattle feed by European starling excrement and evaluating the temporal pattern
in recovering E. coli O157:H7 or Salmonella from these excreta. A previous study conducted on
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four cattle farms in Scotland found that livestock feed was easily exposed to wild bird excreta
and the amount of contaminated feed that was ingested by cattle could account for the prevalence
of Salmonella shed by cattle (Daniels et al., 2003). However, this study was conducted in the
winter so no comparison among seasons could be examined. The finding in this thesis that higher
levels of wild bird excrement contamination of the farm environment occurred in the winter has
to be further explored in terms of its significance in the epidemiology of carriage of foodborne
pathogens in dairy cattle. In addition, future studies examining seasonal effects over multiple
years are needed to confirm this association.

The few previous studies that focused specifically on the role of starlings in
disseminating antimicrobial resistant organisms on cattle farms have included studies on E. coli
from Kansas feedlots (Gaukler et al., 2009), Campylobacter jejuni from Ohio dairy farms (Sanad
et al., 2013) and Salmonella from Texas concentrated animal feeding operations (CAFO)
(Carlson et al., 2015). Carlson et al. (2015) examined the presence of antimicrobial resistant
Salmonella enterica from starling samples (intestinal and external body wash), bovine feces,
cattle feed and water in CAFO, and compared the likelihood of detecting antimicrobial resistant
Salmonella from these sources. However, there has been little focus on starling movement from
and to their roost sites or on-farm starling density on the transmission of antimicrobial
organisms.
Night roost sites and the movement of birds to and from night roost sites has been
highlighted as an important factor in th dissemination of antimicrobial resistant organisms in this
thesis. Since starlings can travel up to 48 to 60 kms daily (LeJeune et al., 2008; Homan et al.,
2010), and visit different farms within a day, efforts to reduce the spread of antimicrobial
resistance limited to individual farm management efforts might not provide adequate biosecurity.
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Findings in this thesis suggest on farm and regional starling controls are needed as pre-harvest
food safety measures to control the dissemination of antimicrobial resistant and zoonotic
organisms. To further understand the involvement of starlings in carrying and spreading
antimicrobial resistant organisms, more studies investigating the association between the
prevalence of the carriage of antimicrobial resistant organisms in starlings and cattle are
necessary. In particular, models that measure the movement of starlings among these networks of
farms, particularly during movement between feeding and roosting sites are required.
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APPENDIX
Questionnaire used in the repeated cross-sectional study to gather information on farm
management and environmental factors from 150 dairy farms in Ohio, 2007 -2009.

Bird Transmission Project Farm Visit Questionnaire CIRCLE ALL THAT APPLY (CAPS) AND FILL IN
Farm ID#:______________

Visit #:______________

Farm operator/Contact name:__________________

Visit date:______________

Phone #:____________________________

Time of day:______________

Address:____________________________

Technicians visiting:______________

Considered bird problem:

Weather conditions:

YES

NO

Samples taken: ______________

SUNNY RAINY SNOWY WARMER COOLER

GPS Coordinates:____________________________

WINDY

 Number milking:______________

 Concentration of birds:

 Approx. total # animals on site: ______________

BARNS

 Estimated # of birds: ______________

FEEDING AISLES/ETC

______________

FEED STORAGE
FIELDS

Estimated # of Starlings: ______________

CALF BARN/HUTCHES/ETC

On farm: ______________

OTHER____________________________

In barns: ______________

 Bird:Cow ratio______________

Description of farm
 # of barns/buildings: ______________
 Styles/types:

FREE STALL

TIE STALL

 NETTING

OPEN ROOF

RAFTERS

NETTING ON RAFTERS

 DOORS

CURTAINS

FANS

OTHER______________

 Heifers on site:

YES

 Calves housed how:

OTHER

BOTH

OTHER______________

NO
BARNS

HUTCHES

OTHER______________

 Other animals: ____________________________

 Feeding areas:

AISLES

BUNKS

OTHERS______________

 Feed storage:

BUNKERS

SILOS

BAGGED

 Feed types:

SILAGE/HAYLAGE

 Is manure storage bird accessible:
Comments

OTHER______________

TMR

GRAZING

YES

NO

OTHER______________

