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Á Infections resulting from resistant organisms increasingly reported

Á Limited range of antibiotics available for animal use (especially for horses)

Á New antibiotics likely slow in development (especially for horses)

Á Zoonotic potential of antibiotic resistant bacteria

Á Possible future restrictions on antibiotic use?
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animals

Extended-spectrum -

lactamase producing E. coli

Vancomycin resistant 

enterococci

Multidrug resistant salmonella

Some high profile examples...
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Escherichia coli

Á Commensal inhabitant of gastro-intestinal tract of

animals

Á Most non-pathogenic (but exposed to antimicrobials)

Á Potential reservoir for resistance genes (transfer of

mobile genetic elements)

BACKGROUND

Strains can acquire virulence factors (EPEC, ETEC etc) causing gastro-

intestinal disease (diarrhoea/haemorrhagic colitis) or cause extra-

intestinal disease (septicaemia/UTI/endometritis)



Antimicrobial Resistance in E. coli

Á Resistance to most antimicrobial classes well documented in E. coli

Á E. coli from horse less well studied, but penicillin, tetracycline, sulphonamide

and multidrug resistance (resistance to three or more antimicrobial classes)

reported2-3

Á Extended spectrum -lactamase producing E. coli recently identified3

-lactams, cephalosporins, extended-spectrum -lactams, 

aminoglycosides, tetracyclines, quinolones, sulphonamides1

1. Saenz et al. (2004), ACC, 48(10)

2. Albihn et al (2003), Acta Vet Scand, 44(3-4)

3. Vo et al (2007), Vet Microbiol 124(3-4)
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Extended Spectrum -lactam Resistance in E. coli

Large number of these extended-spectrum -lactamases (ESBLs) reported in 

E. coli and other bacterial species

Á Mutations of the classical -lactamase enzymes (TEM and SHV)

Á Some are distinct types (CTX-M- reported in horses1)

Á Plasmid-borne (mobile and with other resistance genes?)

Bacterial resistance enzymes active against 3rd and 4th generation 
cephalosporins (cefotaxime, ceftriaxone, ceftazidine, ceftiofur, cefquinome)

1. Vo et al (2007), Vet Microbiol 124(3-4)
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CROSS-SECTIONALSTUDY

Study Aim

ά¢ƻdeterminethe prevalenceof antimicrobialresistantE. coli in the
faecesof horsesin the UKand identify risk factorsassociatedwith
the presenceof resistance.έ

StudyDesign

Á Nationwidecross-sectionalstudy

Á Randomly selected veterinary practices from across mainland
UnitedKingdomusedfor recruitment

Á Anyhorseseenon visit eligiblefor entry



CROSS-SECTIONALSTUDY

Sampling

Á 65 veterinarypracticesselectedfrom RCVS
register(of approximately1200which treat
horses)

Á Vets recruited up to 20 horses seen on
visits (no more than 2 from same yard)
from May2008until June2009

Á Vetor owner returnedfreshfaecalsample

ÁOwnercompleted6 pagequestionnaireon
veterinaryhistory and treatment, housing
andmanagement



MATERIALSANDMETHODS

Antimicrobial Potency

Ampicillin (AMP) 10 g

Augmentin (AUG) 30 g

Ciprofloxacin (CIP) 1 g

Gentamicin (GM) 10 g

Nalidixic acid (NA) 30 g

Tetracycline (TET) 30 g

Trimethoprim (TM) 2.5 g

Faecal sample plated onto EMBA and MacConkey agar 
plates. Seven antimicrobial discs applied to agar surface1

Colonies showing evidence of resistance (growing in 
proximity of antimicrobial disc) subςcultured

Sub-cultured isolates subjected to antibiotic susceptibility 
testing in accordance with BSAC guidelines2

Isolates characterised by Gram stain, catalase/indole 
production, lactose fermentation, inability to utilise citrate 

and absence of oxidase

uidAPCR for E. coli confirmation and resistance genes

Microbiology

1. Bartoloni et al (2006) Tr Roy Soc Trop Med Hyg 100(2)

2. British Soc Antimicrobial Chemotherapy (2007)



Studypopulation

Á 585horsesseenby veterinarysurgeonsfor a varietyof reasons

Characteristic Value 

or

Number (percent; 95% confidence interval)

Median age years (IQR) 10.0 (6.0-15.0)

Sex          - male (castrated)

- female

- male

284 (48.5%;  44.5-52.6) 

277 (47.4%;  43.3-51.4)

27  (4.1%;  2.5-5.7)

Complaint - routine (vacc/dental)

- lameness

- wounds

- other

389  (66.5%;  62.7-70.3)

49  (8.4%;  6.1-10.6)

20  (3.4%;  1.9-4.9)

127  (21.7%;  18.4-25.1)

Antimicrobial treatment 66  (11.2%;  8.7-13.8)

Recently hospitalised 46  (7.9%;  5.7-10.0)

CROSS-SECTIONALSTUDY



RESULTS

AntimicrobialResistancePrevalence

Á 402horses(68.7%; 64.9-72.5) hadfaecalsampleswith antimicrobial
resistantE. coli

Á Highlevel of multidrug resistance(36.9%; 33.0-40.8) and relatively
highprevalenceof ESBL-producingE. coli (8.2%; 5.9-10.4)
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Prevalenceof Resistanceto Antimicrobials

Á High levels of resistanceto some commonly used antimicrobial
classes(ampicillin,trimethoprim andtetracycline)

Á Resistanceto all testedantimicrobialidentified
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Resistancelevels

ÁMajority (68.9%; 65.7-72.1) of the 823resistantE. coli isolateswere
resistantto oneor two antimicrobialclasses

Á 5.1%(3.6-6.6) of isolatesresistantto all five antimicrobialclasses
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classes



ResistanceGenes

Á ESBLresistancegenes(tem, shvand ctx-m) identified amongstthe
ESBL-producingE. coli

Á 18of the ESBL-producingE. colialsocarriedqnr genesfor resistance
to quinolones
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Gel showing PCRproducts for qnr
PCRfor the 18 qnr positive E. coli
(with 3 positivecontrolsfar right)



RiskFactors

Á Univariableandmultivariablelogisticregressionperformed

Á Sevenquestionnairevariablesconsideredinitially

Á Threeoutcomesconsidered(Resistance,Multidrug resistanceor ESBL-resistance)

Á Univariableanalysisconsideredvariablesseparately

Risk factors for Resistance Odds ratio 95% Confidence Interval Pvalue

Antibiotic treatment within previous 7 days 2.21 1.15-4.23 0.02*

Recently hospitalised (previous 3 months) 2.22 1.01-4.88 0.05*

In contact with another horse on antibiotics 1.32 0.74-2.36 0.4

Large stable yard (>20 horses) 1.23 0.77-1.97 0.4

Owner medical/veterinary profession 1.30 0.90-1.86 0.2

Age of horse (years) 0.98 0.96-1.01 0.2

Non-antibiotic drug treatment 1.33 0.81-2.18 0.3

RESULTS

Univariableanalysisfor 7 riskfactorsandthe presenceof antibiotic-resistantE. coli in aƘƻǊǎŜΩǎsample



RiskFactors

Á Multivariableanalysisdiffered for the three outcomesconsidered

Á Only previous antimicrobial treatment remained significant for antimicrobial
resistance

Á Other variables(contactand hospitalisation)significantrisk factors for multidrug
andESBL-resistance

Outcome Risk factor Odds ratio 95% Confidence 
Interval

Pvalue

Resistance Antibiotic treatment within previous 7 days 2.26 1.15-4.44 0.02*

Multidrug 
resistance

Recently hospitalised (previous 3 months) 3.15 1.61-6.19 0.001*

Antibiotic treatment within previous 7 days 1.87 1.06-3.31 0.03*

In contact with another horse on antibiotics 1.73 1.01-2.93 0.05*

ESBL-
resistance

Recently hospitalised (previous 3 months) 4.47 1.99-10.0 0.001*

In contact with another horse on antibiotics 3.16 1.47-6.77 0.003*

Antibiotic treatment within previous 7 days 2.98 1.37-6.48 0.006*

RESULTS
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Geographical clustering

ESBL Resistant  E. Coli



CONCLUSIONS

Á Highprevalenceof antimicrobialresistantandmultidrug resistantE.
coli identified

Á Higherthan expectedprevalenceof ESBL-producingE. coli

Á Antimicrobialexposureonly factor associatedwith increasedrisk of
antimicrobialresistantE. coli

Á Risks of MDR and ESBL-producing E. coli were additionally
associatedwith recenthospitalisationandcontactwith other horses
on antimicrobials



Hospital or Community

Å109 faecal samples (66 Horses) from a hospital

Å155 faecal samples (72 Horses) from the community
ï89/109 Hospital samples contained at least 1 resistant e.coli isolate

ï38/155 Community samples contained at least 1 resistant e.coli isolate 
(P<0.001)

ï106/219 (48%) Hospital isolates were MDR

ï9/77 (12%) Community isolates were MDR (P<0.001)



Study Aim

ñTodetermine prevalence and characteristics of antimicrobial

resistant E. coli in the faeces of horses in an equine hospital and

identify risk factors associated with the presence of resistanceò

Study Design

Á Prospective cohort study

Á Recruitment days (December 2007 to May 2009) selected on convenience

basis

Á Any horses likely to be hospitalised for 2 days or more eligible for entry

(excluding mothers/foals and scintigraphy patients)

STUDY DESIGN



STUDY DESIGN

Phillip Leverhulme Equine Hospital (PLEH)

Secondary and tertiary referral equine hospital accepting cases seen by 

veterinary surgeons from surrounding region and nationally (soft tissue 

and orthopaedic surgery, colic, medical cases)

Á Caseload ~220 cases per month

~ 60 hospitalised for >1 day

Á Most cases have received recent veterinary

attention (possible hospitalisation, surgery,

antimicrobial treatment etc)



Study population and Sampling

Á 103 horses admitted to the PLEH for a variety

of reasons

Á Faecal samples obtained every 2 days

(admission until discharge)

Á All horses with owner present on admission

enrolled on recruitment days

Á Data collected via owner questionnaire,

referral history, clinical records

STUDY DESIGN



Binary Variables

Variable
Number of samples (%)
No                                 Yes

Any antibiotic on sampling day 332 (72.6) 125 (27.4)
Penicillin on sampling day 376 (82.3) 81 (17.7)
Gentamicin on sampling day 449 (98.2) 8  (1.8)
Trimethoprim on sampling day 416 (91.0) 41 (9.0)
Ceftiofur on sampling day 453 (99.1) 4 (0.9)
Enrofloxacin on sampling day 449 (98.2) 8 (1.8)

Any antibiotic in previous 2 days 313 (68.5) 144 (31.5)
Penicillin in previous 2 days 351 (76.8) 106 (23.2)
Gentamicin in previous 2 days 448 (98.0) 9 (2.0)
Trimethoprim in previous 2 days 411 (89.9) 46 (10.1)
Ceftiofur in previous 2 days 453 (99.1) 4 (0.9)
Enrofloxacin in previous 2 days 450 (98.5) 7 (1.5)

Any antibiotic in previous 7 days 284 (62.1) 173 (37.9)
Penicillin in previous 7 days 308 (67.4) 149 (32.6)
Gentamicin in previous 7 days 443 (96.9) 14 (3.1)
Trimethoprim in previous 7 days 401 (87.7) 56 (12.3)
Ceftiofur in previous 7 days 450 (98.5) 7 (1.5)
Enrofloxacin in previous 7 days 451 (98.7) 6 (1.3)

Surgical procedure in 24hr prior to sample 435 (95.2) 22 (4.8)
Surgical procedure in 48hr prior to sample 401 (87.7) 56 (12.3)
Prior hospitalisation in previous  3 months 405 (88.6) 52 (11.4)

MATERIALS AND METHODS



Categorical Variables

MATERIALS AND METHODS

Variable Categories Number of samples (%)

Day of hospitalisation Day0 103 (22.5)
Day2 103 (22.5)
Day4 99 (21.7)
Day6 71 (15.5)
Day7 or later 81 (17.7)

Sex Femaleentire 150 (32.8)
Maleentire 25 (5.5)
Maleneutered 282 (61.7)

Admission condition Musculoskeletal 140 (30.6)
Medical 120 (26.3)
Gastrointestinal(medical) 162 (35.4)
Gastrointestinal(surgical) 16 (3.5)
Softtissuesurgery 19 (4.2)

Hospital yard on sampling 
day

Eyard(medical) 163 (35.7)
DYard(orthopaedic) 22 (4.8)
Fyard(overflow) 44 (9.6)
Cyard(colic/intensivecare) 39 (8.5)
Byard(ponies) 46 (10.1)
M yard(mixedyard) 132 (28.9)
Tyard(temporary) 11 (2.4)



Hospital level variables

From hospital clinical database the following information obtained:

Á All horses admitted and discharged on each day

Á Total amounts of all systemic antimicrobials prescribed on each day

Allowing calculation of...

Á Number of horses in hospital on each day of study period

Á Number of defined daily dose of each antimicrobial prescribed on each day

MATERIALS AND METHODS

Defined Daily Doses (DDD)        = Total amount of antimicrobial on day

Average dose required for 500kg horse



Continuous Variables

*excluding day 0 samples (set as zero) where horse had not been exposed prior to sample

Variable Median Value (IQR)

Antimicrobial doses prescribed in hospital: 0-24hr prior to sample* 16.8 DDD (0, 36.8)

24-48hr prior to sample* 19.6 DDD (0.3, 44.6)

Penicillin doses prescribed in hospital: 0-24hr prior to sample* 4.5 DDD (0, 9.7)

24-48hr prior to sample* 4.4 DDD (0, 9.3)

TMPS doses prescribed in hospital: 0-24hr prior to sample* 3.0 DDD (0, 16.0)

24-48hr prior to sample* 5.0 DDD (0, 20.0)

Gentamicin doses prescribed in hospital: 0-24hr prior to sample* 0.2 DDD (0, 2.6)

24-48hr prior to sample* 0.3 DDD(0, 3.5)

Total number of horses hospitalised: 0-24hr prior to sample* 26 horses (20.8, 32)

24-48hr prior to sample* 26 horses (21, 31)

Age of horse 6 years (9,12)

Number of horses on home yard 15 horses (8, 35)

MATERIALS AND METHODS



Resistance in samples

Á Median duration of hospitalisation 6 days (IQR 4-8 days)

Á 457 faecal samples collected from 103 horses

Á High prevalence of ampicillin, tetracycline, trimethoprim and MDR resistance

RESULTS
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Sample resistance per day of study

Á Similar pattern for all antimicrobials with increasing prevalence of resistance 

from days 0 to 4 and slight decrease from day 6 and later

Á Increase in prevalence of ESBL-mediated resistance striking
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Resistant isolates recovered

Á 694 isolates of antimicrobial resistance E. coli recovered

Á Only 42 phenotypes identified and majority (82%) one of just ten (mostly 

multidrug resistant)

Resistance phenotype % (95% CI)

TM 21.3 (18.3, 24.4)

AMP, GM, TET, TM 16.7 (13.9, 19.5)

AMP, CIP, GM, NA, TET, TM 11.7 (9.3, 14.1)

AMP, CIP, NA, TET, TM 5.9 (4.2, 7.7)

AMP, TM 5.3 (3.7, 7.0)

AMP, GM, TM 4.9 (3.3, 6.5)

TET, TM 4.6 (3.1, 6.2)

AMP, TET, TM 4.5 (2.9, 6.0)

AMP, GM, NA, TET, TM  3.2 (1.9, 4.5)

CIP, NA, TET, TM 2.0 (1.0, 3.1) 14
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Risk Factors from Multilevel Models

Á Several risk factors identified for the eight outcomes

Á Within horse clustering (i.e. variance) quite high for most outcomes

Á Some correlation of resistance outcomes (especially members of same 

antimicrobial classes)

Á Grouped into 2 sets of outcomes by similarity of risk factors

Á Tetracycline, ampicillin, multidrug and gentamicin resistance

Á Nalidixic acid, ESBL-mediated, trimethoprim and ciprofloxacin resistance

RESULTS



Tetracycline, ampicillin, multidrug and gentamicin resistance

Variable
Tetracycline resistance

OR           95% CI           P
Ampicillin resistance

OR          95% CI          P
Multidrug resistance

OR        95% CI        P
Gentamicin resistance
OR        95% CI        P

Dayof sample Day0 (Ref) - - (Ref) - - (Ref) - - (Ref) - -

Day2 4.01 1.7, 9.45 <0.001 3.15 1.21, 8.21 0.02 5.18 1.8, 14.9 0.002 6.57 2.1, 20.1 <0.001

Day4 9.33 3.22, 27.0 <0.001 9.66 2.90, 32.3 <0.001 14.1 3.5, 55.9 <0.001 16.5 4.2, 64.8 <0.001

Day6 4.45 1.72, 17.2 0.004 6.21 1.69, 22.8 0.005 8.34 1.9, 34.9 0.003 9.69 2.3, 40.7 0.002

Day7+ 3.06 1.04, 9.03 0.04 3.90 1.21, 12.6 0.02 4.27 1.1, 15.7 0.03 5.2 1.3, 19.9 0.02

Resistant at previous 
sample

1.96 0.86, 4.44 0.1 2.40 0.98, 5.86 0.05 2.49 0.96, 6.6 0.06 2.59 1.1, 6.08 0.03

Antimicrobial previous 7
days

4.17 1.97, 8.82 <0.001 3.64 1.77, 7.49 <0.001 3.54 1.6, 7.4 <0.001 3.63 1.7, 7.9 <0.001

TMPS doses pres (DDD) in 
hospital prev 48hrs - - - 1.02 1.01, 1.04 0.006 1.02 1.0, 1.03 0.04 1.02 1.0, 1.03 0.03

Variance (standard error) 2.0 (0.9) 2.2 (1.0) 2.6 (1.3) 1.9 (1.1)

RESULTS
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Day4 9.33 3.22, 27.0 <0.001 9.66 2.90, 32.3 <0.001 14.1 3.5, 55.9 <0.001 16.5 4.2, 64.8 <0.001

Day6 4.45 1.72, 17.2 0.004 6.21 1.69, 22.8 0.005 8.34 1.9, 34.9 0.003 9.69 2.3, 40.7 0.002

Day7+ 3.06 1.04, 9.03 0.04 3.90 1.21, 12.6 0.02 4.27 1.1, 15.7 0.03 5.2 1.3, 19.9 0.02

Resistant at previous 
sample

1.96 0.86, 4.44 0.1 2.40 0.98, 5.86 0.05 2.49 0.96, 6.6 0.06 2.59 1.1, 6.08 0.03

Antimicrobial previous 7
days

4.17 1.97, 8.82 <0.001 3.64 1.77, 7.49 <0.001 3.54 1.6, 7.4 <0.001 3.63 1.7, 7.9 <0.001

TMPS doses pres (DDD) in 
hospital prev 48hrs - - - 1.02 1.01, 1.04 0.006 1.02 1.0, 1.03 0.04 1.02 1.0, 1.03 0.03

Variance (standard error) 2.0 (0.9) 2.2 (1.0) 2.6 (1.3) 1.9 (1.1)

RESULTS



Nalidixic acid, ESBL, trimethoprim and ciprofloxacin resistance

RESULTS

Variable
Nalidixic acid resistance
OR          95% CI          P

ESBL-mediated resistance
OR          95% CI          P

Trimethoprim resistance
OR         95% CI          P

Ciprofloxacin resistance
OR        95% CI          P

Day of sample Day 0 (Ref) - - (Ref) - - (Ref) - - (Ref) - -

Day 2 4.35 1.37, 13.8 0.01 27.1 5.63, 131 <0.001 0.89 0.39, 2.03 0.7 6.25 1.6, 24.3 0.008

Day 4 9.0 2.8, 28.9 <0.001 97.8 17.2, 555 <0.001 2.65 1.0, 6.98 0.05 30.6 7.0, 134 <0.001

Day 6 6.47 1.86, 22.5 <0.001 94.6 15.0, 595 <0.001 2.51 0.85, 7.4 0.1 17.9 3.63, 88.8 <0.001

Day 7+ 4.6 1.35, 15.7 0.01 36.2 6.42, 205 <0.001 1.42 0.52, 3.85 0.08 13.1 2.82, 61.2 0.001

Resistant at prev sample 3.69 1.84, 7.41 <0.001 1.25 0.48, 3.25 0.6 2.83 1.25, 6.39 0.01 1.11 0.42, 2.92 0.8

Antimicrobial prev 7 days 4.57 2.28, 9.18 <0.001 - - - 4.36 2.04, 9.33 <0.001 12.8 3.84, 42.5 <0.001

TMPS doses pres (DDD) in 
hospital prev 48hrs 1.01 1.0, 1.03 0.04 - - - 1.02 1.01, 1.04 0.01 - - -

Admit
condition

Surgery (Ref) - - - - - - - - (Ref) - -

Musculoskel 1.83 0.82, 4.07 0.1 - - - - - - 3.69 0.94, 14.4 0.06

Medical 0.69 0.34, 1.42 0.3 - - - - - - 1.18 0.34, 4.18 0.8

GI dis (surg) 7.06 1.29, 38.7 0.02 - - - - - - 114 4.9, 2590 0.003

GI dis (med) 1.72 0.39, 7.58 0.5 - - - - - - 10.0 0.59, 169 0.11

Hospital 
yard 

E yard - - - (Ref) - - (Ref) - - (Ref) - -

D yard - - - 7.71 0.78, 76.0 0.08 4.94 1.13, 21.5 0.03 9.71 1.41, 66.9 0.02

F yard - - - 2.59 0.39, 17.0 0.3 0.75 0.25, 2.21 0.6 0.57 0.10, 3.17 0.5

C yard - - - 1.88 0.26, 13.3 0.6 2.45 0.67, 9.01 0.2 0.21 0.03, 1.74 0.2

B yard - - - 4.73 0.79, 28.3 0.09 1.96 0.64, 5.98 0.2 2.73 0.58, 12.9 0.2

M yard - - - 11.6 2.75, 48.8 <0.001 1.22 0.56, 2.67 0.6 1.11 0.35, 3.55 0.9

T yard - - - 4.23 0.39, 46.5 0.2 4.45 0.49, 39.8 0.2 4.06 0.49, 33.2 0.2

Variance (standard error) 0.3(0.4) 4.1 (1.9) 4.2 (1.7) 2.7 (1.46)



Nalidixic acid, ESBL, trimethoprim and ciprofloxacin resistance

RESULTS

Variable
Nalidixic acid resistance
OR          95% CI          P

ESBL-mediated resistance
OR          95% CI          P

Trimethoprim resistance
OR         95% CI          P

Ciprofloxacin resistance
OR        95% CI          P

Day of sample Day 0 (Ref) - - (Ref) - - (Ref) - - (Ref) - -

Day 2 4.35 1.37, 13.8 0.01 27.1 5.63, 131 <0.001 0.89 0.39, 2.03 0.7 6.25 1.6, 24.3 0.008

Day 4 9.0 2.8, 28.9 <0.001 97.8 17.2, 555 <0.001 2.65 1.0, 6.98 0.05 30.6 7.0, 134 <0.001

Day 6 6.47 1.86, 22.5 <0.001 94.6 15.0, 595 <0.001 2.51 0.85, 7.4 0.1 17.9 3.63, 88.8 <0.001

Day 7+ 4.6 1.35, 15.7 0.01 36.2 6.42, 205 <0.001 1.42 0.52, 3.85 0.08 13.1 2.82, 61.2 0.001

Resistant at prev sample 3.69 1.84, 7.41 <0.001 1.25 0.48, 3.25 0.6 2.83 1.25, 6.39 0.01 1.11 0.42, 2.92 0.8

Antimicrobial prev 7 days 4.57 2.28, 9.18 <0.001 - - - 4.36 2.04, 9.33 <0.001 12.8 3.84, 42.5 <0.001

TMPS doses pres (DDD) in 
hospital prev 48hrs 1.01 1.0, 1.03 0.04 - - - 1.02 1.01, 1.04 0.01 - - -

Admit
condition

Surgery (Ref) - - - - - - - - (Ref) - -

Musculoskel 1.83 0.82, 4.07 0.1 - - - - - - 3.69 0.94, 14.4 0.06

Medical 0.69 0.34, 1.42 0.3 - - - - - - 1.18 0.34, 4.18 0.8

GI dis (surg) 7.06 1.29, 38.7 0.02 - - - - - - 114 4.9, 2590 0.003

GI dis (med) 1.72 0.39, 7.58 0.5 - - - - - - 10.0 0.59, 169 0.11

Hospital 
yard 

E yard - - - (Ref) - - (Ref) - - (Ref) - -

D yard - - - 7.71 0.78, 76.0 0.08 4.94 1.13, 21.5 0.03 9.71 1.41, 66.9 0.02

F yard - - - 2.59 0.39, 17.0 0.3 0.75 0.25, 2.21 0.6 0.57 0.10, 3.17 0.5

C yard - - - 1.88 0.26, 13.3 0.6 2.45 0.67, 9.01 0.2 0.21 0.03, 1.74 0.2

B yard - - - 4.73 0.79, 28.3 0.09 1.96 0.64, 5.98 0.2 2.73 0.58, 12.9 0.2

M yard - - - 11.6 2.75, 48.8 <0.001 1.22 0.56, 2.67 0.6 1.11 0.35, 3.55 0.9

T yard - - - 4.23 0.39, 46.5 0.2 4.45 0.49, 39.8 0.2 4.06 0.49, 33.2 0.2

Variance (standard error) 0.3(0.4) 4.1 (1.9) 4.2 (1.7) 2.7 (1.46)



Nalidixic acid, ESBL, trimethoprim and ciprofloxacin resistance

RESULTS

Variable
Nalidixic acid resistance
OR          95% CI          P

ESBL-mediated resistance
OR          95% CI          P

Trimethoprim resistance
OR         95% CI          P

Ciprofloxacin resistance
OR        95% CI          P

Day of sample Day 0 (Ref) - - (Ref) - - (Ref) - - (Ref) - -

Day 2 4.35 1.37, 13.8 0.01 27.1 5.63, 131 <0.001 0.89 0.39, 2.03 0.7 6.25 1.6, 24.3 0.008

Day 4 9.0 2.8, 28.9 <0.001 97.8 17.2, 555 <0.001 2.65 1.0, 6.98 0.05 30.6 7.0, 134 <0.001

Day 6 6.47 1.86, 22.5 <0.001 94.6 15.0, 595 <0.001 2.51 0.85, 7.4 0.1 17.9 3.63, 88.8 <0.001

Day 7+ 4.6 1.35, 15.7 0.01 36.2 6.42, 205 <0.001 1.42 0.52, 3.85 0.08 13.1 2.82, 61.2 0.001

Resistant at prev sample 3.69 1.84, 7.41 <0.001 1.25 0.48, 3.25 0.6 2.83 1.25, 6.39 0.01 1.11 0.42, 2.92 0.8

Antimicrobial prev 7 days 4.57 2.28, 9.18 <0.001 - - - 4.36 2.04, 9.33 <0.001 12.8 3.84, 42.5 <0.001

TMPS doses pres (DDD) in 
hospital prev 48hrs 1.01 1.0, 1.03 0.04 - - - 1.02 1.01, 1.04 0.01 - - -

Admit
condition

Surgery (Ref) - - - - - - - - (Ref) - -

Musculoskel 1.83 0.82, 4.07 0.1 - - - - - - 3.69 0.94, 14.4 0.06

Medical 0.69 0.34, 1.42 0.3 - - - - - - 1.18 0.34, 4.18 0.8

GI dis (surg) 7.06 1.29, 38.7 0.02 - - - - - - 114 4.9, 2590 0.003

GI dis (med) 1.72 0.39, 7.58 0.5 - - - - - - 10.0 0.59, 169 0.11

Hospital 
yard 

E yard - - - (Ref) - - (Ref) - - (Ref) - -

D yard - - - 7.71 0.78, 76.0 0.08 4.94 1.13, 21.5 0.03 9.71 1.41, 66.9 0.02

F yard - - - 2.59 0.39, 17.0 0.3 0.75 0.25, 2.21 0.6 0.57 0.10, 3.17 0.5

C yard - - - 1.88 0.26, 13.3 0.6 2.45 0.67, 9.01 0.2 0.21 0.03, 1.74 0.2

B yard - - - 4.73 0.79, 28.3 0.09 1.96 0.64, 5.98 0.2 2.73 0.58, 12.9 0.2

M yard - - - 11.6 2.75, 48.8 <0.001 1.22 0.56, 2.67 0.6 1.11 0.35, 3.55 0.9

T yard - - - 4.23 0.39, 46.5 0.2 4.45 0.49, 39.8 0.2 4.06 0.49, 33.2 0.2

Variance (standard error) 0.3(0.4) 4.1 (1.9) 4.2 (1.7) 2.7 (1.46)



Nalidixic acid, ESBL, trimethoprim and ciprofloxacin resistance

RESULTS

Variable
Nalidixic acid resistance
OR          95% CI          P

ESBL-mediated resistance
OR          95% CI          P

Trimethoprim resistance
OR         95% CI          P

Ciprofloxacin resistance
OR        95% CI          P

Day of sample Day 0 (Ref) - - (Ref) - - (Ref) - - (Ref) - -

Day 2 4.35 1.37, 13.8 0.01 27.1 5.63, 131 <0.001 0.89 0.39, 2.03 0.7 6.25 1.6, 24.3 0.008

Day 4 9.0 2.8, 28.9 <0.001 97.8 17.2, 555 <0.001 2.65 1.0, 6.98 0.05 30.6 7.0, 134 <0.001

Day 6 6.47 1.86, 22.5 <0.001 94.6 15.0, 595 <0.001 2.51 0.85, 7.4 0.1 17.9 3.63, 88.8 <0.001

Day 7+ 4.6 1.35, 15.7 0.01 36.2 6.42, 205 <0.001 1.42 0.52, 3.85 0.08 13.1 2.82, 61.2 0.001

Resistant at prev sample 3.69 1.84, 7.41 <0.001 1.25 0.48, 3.25 0.6 2.83 1.25, 6.39 0.01 1.11 0.42, 2.92 0.8

Antimicrobial prev 7 days 4.57 2.28, 9.18 <0.001 - - - 4.36 2.04, 9.33 <0.001 12.8 3.84, 42.5 <0.001

TMPS doses pres (DDD) in 
hospital prev 48hrs 1.01 1.0, 1.03 0.04 - - - 1.02 1.01, 1.04 0.01 - - -

Admit
condition

Surgery (Ref) - - - - - - - - (Ref) - -

Musculoskel 1.83 0.82, 4.07 0.1 - - - - - - 3.69 0.94, 14.4 0.06

Medical 0.69 0.34, 1.42 0.3 - - - - - - 1.18 0.34, 4.18 0.8

GI dis (surg) 7.06 1.29, 38.7 0.02 - - - - - - 114 4.9, 2590 0.003

GI dis (med) 1.72 0.39, 7.58 0.5 - - - - - - 10.0 0.59, 169 0.11

Hospital 
yard 

E yard - - - (Ref) - - (Ref) - - (Ref) - -

D yard - - - 7.71 0.78, 76.0 0.08 4.94 1.13, 21.5 0.03 9.71 1.41, 66.9 0.02

F yard - - - 2.59 0.39, 17.0 0.3 0.75 0.25, 2.21 0.6 0.57 0.10, 3.17 0.5

C yard - - - 1.88 0.26, 13.3 0.6 2.45 0.67, 9.01 0.2 0.21 0.03, 1.74 0.2

B yard - - - 4.73 0.79, 28.3 0.09 1.96 0.64, 5.98 0.2 2.73 0.58, 12.9 0.2

M yard - - - 11.6 2.75, 48.8 <0.001 1.22 0.56, 2.67 0.6 1.11 0.35, 3.55 0.9

T yard - - - 4.23 0.39, 46.5 0.2 4.45 0.49, 39.8 0.2 4.06 0.49, 33.2 0.2

Variance (standard error) 0.3(0.4) 4.1 (1.9) 4.2 (1.7) 2.7 (1.46)



Nalidixic acid, ESBL, trimethoprim and ciprofloxacin resistance

RESULTS

Variable
Nalidixic acid resistance
OR          95% CI          P

ESBL-mediated resistance
OR          95% CI          P

Trimethoprim resistance
OR         95% CI          P

Ciprofloxacin resistance
OR        95% CI          P

Day of sample Day 0 (Ref) - - (Ref) - - (Ref) - - (Ref) - -

Day 2 4.35 1.37, 13.8 0.01 27.1 5.63, 131 <0.001 0.89 0.39, 2.03 0.7 6.25 1.6, 24.3 0.008

Day 4 9.0 2.8, 28.9 <0.001 97.8 17.2, 555 <0.001 2.65 1.0, 6.98 0.05 30.6 7.0, 134 <0.001

Day 6 6.47 1.86, 22.5 <0.001 94.6 15.0, 595 <0.001 2.51 0.85, 7.4 0.1 17.9 3.63, 88.8 <0.001

Day 7+ 4.6 1.35, 15.7 0.01 36.2 6.42, 205 <0.001 1.42 0.52, 3.85 0.08 13.1 2.82, 61.2 0.001

Resistant at prev sample 3.69 1.84, 7.41 <0.001 1.25 0.48, 3.25 0.6 2.83 1.25, 6.39 0.01 1.11 0.42, 2.92 0.8

Antimicrobial prev 7 days 4.57 2.28, 9.18 <0.001 - - - 4.36 2.04, 9.33 <0.001 12.8 3.84, 42.5 <0.001

TMPS doses pres (DDD) in 
hospital prev 48hrs 1.01 1.0, 1.03 0.04 - - - 1.02 1.01, 1.04 0.01 - - -

Admit
condition

Surgery (Ref) - - - - - - - - (Ref) - -

Musculoskel 1.83 0.82, 4.07 0.1 - - - - - - 3.69 0.94, 14.4 0.06

Medical 0.69 0.34, 1.42 0.3 - - - - - - 1.18 0.34, 4.18 0.8

GI dis (surg) 7.06 1.29, 38.7 0.02 - - - - - - 114 4.9, 2590 0.003

GI dis (med) 1.72 0.39, 7.58 0.5 - - - - - - 10.0 0.59, 169 0.11

Hospital 
yard 

E yard - - - (Ref) - - (Ref) - - (Ref) - -

D yard - - - 7.71 0.78, 76.0 0.08 4.94 1.13, 21.5 0.03 9.71 1.41, 66.9 0.02

F yard - - - 2.59 0.39, 17.0 0.3 0.75 0.25, 2.21 0.6 0.57 0.10, 3.17 0.5

C yard - - - 1.88 0.26, 13.3 0.6 2.45 0.67, 9.01 0.2 0.21 0.03, 1.74 0.2

B yard - - - 4.73 0.79, 28.3 0.09 1.96 0.64, 5.98 0.2 2.73 0.58, 12.9 0.2

M yard - - - 11.6 2.75, 48.8 <0.001 1.22 0.56, 2.67 0.6 1.11 0.35, 3.55 0.9

T yard - - - 4.23 0.39, 46.5 0.2 4.45 0.49, 39.8 0.2 4.06 0.49, 33.2 0.2

Variance (standard error) 0.3(0.4) 4.1 (1.9) 4.2 (1.7) 2.7 (1.46)



Nalidixic acid, ESBL, trimethoprim and ciprofloxacin resistance

RESULTS

Variable
Nalidixic acid resistance
OR          95% CI          P

ESBL-mediated resistance
OR          95% CI          P

Trimethoprim resistance
OR         95% CI          P

Ciprofloxacin resistance
OR        95% CI          P

Day of sample Day 0 (Ref) - - (Ref) - - (Ref) - - (Ref) - -

Day 2 4.35 1.37, 13.8 0.01 27.1 5.63, 131 <0.001 0.89 0.39, 2.03 0.7 6.25 1.6, 24.3 0.008

Day 4 9.0 2.8, 28.9 <0.001 97.8 17.2, 555 <0.001 2.65 1.0, 6.98 0.05 30.6 7.0, 134 <0.001

Day 6 6.47 1.86, 22.5 <0.001 94.6 15.0, 595 <0.001 2.51 0.85, 7.4 0.1 17.9 3.63, 88.8 <0.001

Day 7+ 4.6 1.35, 15.7 0.01 36.2 6.42, 205 <0.001 1.42 0.52, 3.85 0.08 13.1 2.82, 61.2 0.001

Resistant at prev sample 3.69 1.84, 7.41 <0.001 1.25 0.48, 3.25 0.6 2.83 1.25, 6.39 0.01 1.11 0.42, 2.92 0.8

Antimicrobial prev 7 days 4.57 2.28, 9.18 <0.001 - - - 4.36 2.04, 9.33 <0.001 12.8 3.84, 42.5 <0.001

TMPS doses pres (DDD) in 
hospital prev 48hrs 1.01 1.0, 1.03 0.04 - - - 1.02 1.01, 1.04 0.01 - - -

Admit
condition

Surgery (Ref) - - - - - - - - (Ref) - -

Musculoskel 1.83 0.82, 4.07 0.1 - - - - - - 3.69 0.94, 14.4 0.06

Medical 0.69 0.34, 1.42 0.3 - - - - - - 1.18 0.34, 4.18 0.8

GI dis (surg) 7.06 1.29, 38.7 0.02 - - - - - - 114 4.9, 2590 0.003

GI dis (med) 1.72 0.39, 7.58 0.5 - - - - - - 10.0 0.59, 169 0.11

Hospital 
yard 

E yard - - - (Ref) - - (Ref) - - (Ref) - -

D yard - - - 7.71 0.78, 76.0 0.08 4.94 1.13, 21.5 0.03 9.71 1.41, 66.9 0.02

F yard - - - 2.59 0.39, 17.0 0.3 0.75 0.25, 2.21 0.6 0.57 0.10, 3.17 0.5

C yard - - - 1.88 0.26, 13.3 0.6 2.45 0.67, 9.01 0.2 0.21 0.03, 1.74 0.2

B yard - - - 4.73 0.79, 28.3 0.09 1.96 0.64, 5.98 0.2 2.73 0.58, 12.9 0.2

M yard - - - 11.6 2.75, 48.8 <0.001 1.22 0.56, 2.67 0.6 1.11 0.35, 3.55 0.9

T yard - - - 4.23 0.39, 46.5 0.2 4.45 0.49, 39.8 0.2 4.06 0.49, 33.2 0.2

Variance (standard error) 0.3(0.4) 4.1 (1.9) 4.2 (1.7) 2.7 (1.46)



RESULTS

Summary of Risk Factors

Á Day of sample for all outcomes except trimethoprim resistance

Á Antimicrobial treatment in previous 7 days for all except ESBL-mediated

resistance

Á TMPS doses prescribed in hospital for all except tetracycline,

ciprofloxacin and ESBL mediated resistance

Á Location on M yard for ESBL-mediated resistance and E yard for

trimethoprim and ciprofloxacin resistance

Á Admission for surgical gastrointestinal disease for nalidixic acid and

ciprofloxacin resistance



DISCUSSION

Prevalence

High sample overall prevalence of resistant E. coli (67.7%) and ESBL-mediated 

resistant E. coli (28.7%)

Á 67% of hospitalised horses carried multidrug resistant E. coli (Ireland)1

Á 62% of E. coli isolated from horses in hospital were resistant (US)2

Á 19% ESBL-positive samples in hospitalised horses (Czech Republic)3

Resistance phenotypes

Limited number identified (42) out of total possible 127 (27-1)

Á Similar reports by other studies4

Á Linked resistances (cross-resistance, linked genes, multidrug resistant bacteria)

Á May explain correlation seen for outcomes

1. Bryan et al (2009), BEVA Congress abstract

2. Dunowska et al (2006), JAVMA, 228(12)

3. Dolejska et al (2008) ASM Conf abstract

4. Berge et al (2003) PVM 61



DISCUSSION

Risk Factors

1. Day of hospitalisation

Á Points towards some aspects of hospitalisation being significant

Á Other studies have identified hospitalisation as significant (regardless of

antimicrobial exposure) in resistant E. coli1 and staphylococci2

2. Antimicrobial treatment

Á Significant at individual horse level and hospital level (suggests some

transmission?)

Á Increases prevalence of resistance by applying selection pressure

1. Dunowska et al (2006), JAVMA, 228(12)

2. Schnellman et al (2006) J Clin Micro 44(12)



DISCUSSION

Risk Factors

3. Yard on sampling day

Á Yard an environmental factor (not disease or severity)

Á ESBL-mediated resistance carriage risk highest on M yard (also houses

highest number of patients in smallest area)

Á Transmission more significant for ESBL mediated resistance (antimicrobial

treatment not significant for this outcome)



DISCUSSION

Risk Factors

4. Admission reason

Á Admission for gastrointestinal surgery increased risk for ciprofloxacin and

nalidixic acid resistance

Á Condition itself or subsequent treatment important (stress)?

Á Non-surgical gastrointestinal disease did not represent increased risk

Á Undergoing surgery was not a significant risk factor for any outcome on

multivariable analysis.

Á Surgery for gastrointestinal disease specifically was not evaluated as a

separate risk factor.



Á High prevalence of antimicrobial resistant E. coli identified amongst

hospitalised horses

Á Increased risk of carriage of resistant E. coli during hospitalisation compared

to admission

Á Antimicrobial treatment associated with increased risk of carriage both at

individual horse level and within hospital use

Á Location within the hospital and admission reason associated with increased

risk for some resistance outcomes

CONCLUSIONS



FEEVA 2010

Clinical MRSA infection in the UK - Horse

Â Joint/Synovial Infection

Â Bone infection

Â Skin infection

Â (Pleuropneumonia)

Cuny et al. (2006) Eurosurveillance,11, 44-47

Austria

Â Community Acquired 

(n=33)

Â Joint 30%

Â Incision 21%

Â Soft tissue 21%

Â Bone/tendon 12%

Â Lung, sinus, udder (2 each)

83% survived, 17% died

Weese et al. 2009 (EVJ)

ÁHospital Acquired 

(n=49)
ÁIncision 61%

ÁCatheter 16% 

ÁSoft tissue 8.2%

ÁLung, joint and eye (3 

each)

North America


