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Abstract

Introduction: Respiratory diseases account for the highest number of clinical problems in horses compared
to other body systems. While microbiological culture and sensitivity testing is essential for certain cases,
knowledge of the most likely bacterial agents and their susceptibilities is necessary to inform empirical
antibiotic choices. Methods: A retrospective study of microbiological and cytological results from upper and
lower respiratory samples (n=615) processed in a commercial laboratory between 2002-2012 was carried
out. A further study of lower respiratory samples from horses with clinical signs of lower respiratory disease
from May-June 2012 was undertaken. Results: Both studies revealed S.equi subspecies zooepidemicus,
P.aeruginosa, Pasteurella spp, E.coli and B.bronchiseptica as the most frequently isolated species. S.equi
subspecies zooepidemicus and subspecies equi were susceptible to ceftiofur (100%) and erythromycin (99%).
Resistance to penicillin (12.5% of S.equi subspecies equi from URT samples) and tetracycline (62.7%) was also
detected. Gram-negative isolates showed resistance to gentamycin, trimethoprim-sulfamethoxazole and
tetracycline but susceptibility to enrofloxacin (except Pseudomonas spp where 46.2% were resistant). MDR
was detected in 1% of isolates. Conclusion: Resistance to first-choice antibiotics in common equine
respiratory tract bacteria was noted and warrants continued monitoring of their susceptibility profiles. This
can provide information to clinicians about the best empirical antimicrobial choices against certain

pathogenic bacteria and help guide antibiotic stewardship efforts to converse their efficacy.
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Introduction

Bacteria are important causes of upper and lower respiratory disease in horses, which often result in poor
performance and exercise intolerance [1, 2]. Bacterial respiratory disease is mostly initiated by a viral
infection which weakens the respiratory immune mechanisms [3]. A noteworthy exception to this is
strangles where S. equi subspecies equi can cause disease of the upper respiratory tract without any
predisposing factors [4]. Frequently isolated opportunistic respiratory pathogens are S. equi subspecies
zooepidemicus, Pasteurella spp and Bordetella bronchiseptica but Pseudomonas aeruginosa and Escherichia

coli are also commonly detected in respiratory tract samples [5].

The cytological examination and bacterial culture of respiratory specimens are useful tools for the diagnosis
of these infections, the determination of their aetiology and the selection of adequate antibiotic treatment
[1, 2]. Unfortunately culture and sensitivity of lower airway fluid samples is not always performed and
treatment is often initiated on an empirical basis when a bacterial infection is suspected [6]. This is
warranted as delays in the initiation of treatment can lead to poor clinical outcomes [5]. Selection of
empirical therapy should be based on current knowledge of the prevalence and antibiotic susceptibility

patterns of the bacteria most commonly isolated from affected horses.

The aims of this study were to provide evidence on the aetiology and antibiotic resistance of bacteria
isolated from horses with respiratory disease using retrospective data from a diagnostic laboratory as well as

prospective data from a sub-study and evaluation of their relevant comparisons.

Materials and methods

We conducted a retrospective review of respiratory specimens collected from horses suspected of
respiratory disease and processed at NationWide Laboratories (NWL; United Kingdom) between May 2002
and May 2012. Data on bacterial culture, antibiotic susceptibility testing results, cytology reports and age
and sex of the patients were obtained by record review. Samples from the same patient that had the same
organisms with identical antibiotic susceptibilities and were submitted within 3 months of the original
sample were excluded. The analysis focused on the aetiology of the lower and upper respiratory infections

and their antibiotic susceptibilities.

In a prospective sub-study, 200 uL aliquots of 13 broncho alveolar lavage (BAL) and 1 tracheal wash (TW)

samples from horses with clinical signs of lower respiratory disease received by NWL for routine
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microbiological analysis from May to June 2012 were frozen at -20 C for processing at UCL Centre for Clinical

Microbiology (CCM).

Samples were processed by NWL and CCM using standard protocols for aerobic and anaerobic semi-
guantitative bacterial culture using the calibrated loop method. The level of bacterial growth was reported
as follows: no growth; scanty (colonies limited to the initial sector); moderate (colonies on sectors 1-3); or

profuse (colonies on all 4 sectors).

Microorganism identification was done by NWL using Gram-staining and standard biochemical procedures
while CCM used Matrix-assisted laser desorption/ionisation (MALDI-TOF) and proceeded to standard
biochemical procedures for the isolates where MALDI-TOF was unsuccessful. The Biotyper 3 Wizard program
was employed to analyse the mass spectrum profiles of each isolate and parallel them against the Bruker
taxonomy library to identify each organism by pattern matching. Isolates with a match log score of over 2
were considered to have a valid genus and species identification while a score between 1.7 and 2 was

marked as a valid identification of the genus only and the species were written in brackets.

The identity of only one isolate of each bacterial species was confirmed and testing for susceptibility was
only carried out when the organism was isolated in moderate or profuse growth. Antimicrobial susceptibility
testing was performed by the Kirby-Bauer method in accordance with the guidelines from the Clinical and
Laboratory Standards Institute [7, 8, 9]. Herein, multiple drug resistance (MDR) was defined as resistance to

three or more antimicrobial drug classes as proposed by Magiorakos et al [10].

Cytology slides were prepared by cytocentrifugation, stained with Wright-Giemsa and examined by clinical
pathologists at NWL. The cytology reports reviewed by the researchers included overall cellularity, cell types

and appearances and interpretation of findings.

Results

Bacterial culture results were available for 615 samples: 120 TW, 2 BAL, 473 nasal swabs (NS), 19
nasopharyngeal swabs (NPS) and 1 guttural pouch wash (GPW). Bacteria were isolated from 91 (75.8%) of
the TW samples, both of the BAL samples, 450 (95.1%) of the NS samples, 17 (89.5%) of the NPS samples and
the GPW sample. The mean age of horses with culture-positive lower respiratory samples (TW and BAL) was
8.216.7 years in females and 10.0+9.0 years in males. For those with culture-positive upper respiratory
samples (NS, NPS and GPW), the mean age at diagnosis was 10.6+6.8 years in females and 9.4+7.3 years in

males.
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In samples from the upper respiratory tract, Streptococcus equi (37%) (subspecies zooepidemicus 22.9%,
subspecies equi 14.1%), E. coli (17.5%), coagulase-negative staphylococci (17.3%), and S. equi subspecies
equi (14.1%) were the bacterial species most frequently isolated. In lower respiratory samples, there was a
predominance of Streptococcus equi (29.7%) (subspecies zooepidemicus 25.3%, subspecies equi 4.4%,),
Pasteurella spp (28.6%), Pseudomonas spp (20.9%) and Escherichia coli (13.2%), (Table 1). In the prospective
study (May — July 2012) Streptococcus equi was demonstrated to be the most common isolate, 8 of 14

processed samples (57%).

Polymicrobial growth was observed in 53 (58.2%) TW, 311 (69.1%) NS and 13 (76.5%) NPS samples. In TW
samples, the most common combinations involved S. equi subspecies zooepidemicus (present in 11
samples), Pasteurella spp (12) or both (8). In NS and NPS samples with mixed growth, S. equi subspecies
zooepidemicus (74) and E. coli (67) were the bacterial species most frequently isolated. These were often in
combination with staphylococci, particularly Staphylococcus aureus or coagulase-negative staphylococci.
When only one organism was present, Pasteurella spp (20.0%) and Pseudomonas spp (15.0%) were the most
frequently isolated in lower respiratory samples and S. equi subspecies zooepidemicus (23.1%) and S. equi
subspecies equi (18.9%) in upper respiratory samples. Anaerobes were only present in TW samples (5.5%),
mainly in combination with aerobic bacteria (60%) (Table 1). Polymicrobial growth was noted in 13 out of the
14 TW and BAL prospective samples with the most common combinations including Streptococcus and

Staphylococcus spp.

Cytology reports were available for 78 samples from which 26 had evidence of bacterial infection (i.e.
increased numbers of degenerate neutrophils and presence of intracellular bacteria). Twenty-two of these
samples (18 from TW samples and 4 from NS samples) were culture-positive. Pasteurella spp (22.2%) and S.
equi subspecies zooepidemicus (14.8%) were the most prevalent bacterial species in culture- and cytology-
positive TW samples and S. equi subspecies zooepidemicus (25%), coagulase-negative staphylococci (12.5%)

and E. coli (12.5%) in NS samples.

The antibiotic resistance profiles of the respiratory isolates are presented on Tables 2 and 3. Two S. equi
subspecies zooepidemicus and four S. equi subspecies equi isolates from NS samples were resistant to
penicillin. All isolates of these B-haemolytic Group C streptococci were susceptible to ceftiofur and (with the
exception of one isolate from each species) to erythromycin. In contrast, resistance to tetracycline was
common, particularly in isolates from lower respiratory samples (more than 90% of S. equi subspecies

zooepidemicus and 66.7% of S. equi subspecies equi were resistant).
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Enrofloxacin showed good in vitro activity against Gram-negative isolates except those belonging to
Pseudomonas spp (46.2% resistant). Also in Gram-negative isolates, resistance to gentamycin, trimethoprim-
sulfamethoxazole and tetracycline was prevalent. From the 1,342 isolates included in our study, only 1%
were MDR. Multiple drug resistance was observed in E. coli (7 isolates), Acinetobacter spp (4) and

Pseudomonas spp (3).

Six Streptococcus equi (subspecies not characterised during this study) were identified and isolated from the
in-house lab work (CCM) carried out on the BAL and TW samples. All of these were found to be sensitive to
the B-lactams tested (penicillin and ampicillin), trimethoprim/sulfamethoxazole, erythromycin and cefoxitin,
and resistant to tetracycline and streptomycin. These findings were in agreement and reinforced the findings
of the retrospective work carried out. There were variable susceptibilities to rifampicin with 4 of the isolates
being intermediately resistant, 1 being sensitive and another resistant. One of the Streptococcus equi was

found to be MDR, with resistance to tetracycline, streptomycin, rifampicin, and kanamycin.

Discussion

Our findings are largely in agreement with previous reports on the detection of bacteria in the respiratory
tracts of horses with respiratory disease, albeit with minor differences in terms of the prevalence of each
bacterial species [1, 5, 11, 12, 13, 14, 15]. Most isolates belonged to environmental or commensal species
capable of opportunistic infection when the host’s defence mechanisms are compromised, which
complicates the interpretation of culture results. Moderate to heavy bacterial growth, especially if in pure
culture, is generally considered to be more likely to represent true infection [1]. However, a considerable
proportion of cytology-positive samples (41.2%) in our study only yielded the growth of small numbers of
bacteria. Pseudomonas aeruginosa and E. coli are often detected in upper respiratory tract samples from
horses but are not necessarily the reason for clinical disease. Alternatively, Pastereulla spp are often
cultured with S. equi subspecies zooepidemicus and are more likely to be associated with inflammation of
the lower respiratory tract [16]. Furthermore, although the lower airways in a healthy horse are considered
sterile, the passage of an endoscope during BAL sampling can introduce oropharyngeal contamination or
nasopharyngeal bacteria during TW sampling. This indicates that antibiotics susceptibility tests should be
analysed with caution depending on the organism(s) isolated and highlights the importance of cytology in

the evaluation of these patients.

The use of antibiotics for the treatment of strangles remains controversial and studies to indicate the use

and appropriate timing of antibiotics are lacking. Prospective studies observing horses on antibiotic
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treatment and without treatment are warranted [17]. Nevertheless most strangles cases recover
uneventfully without antibiotics but are indicated in certain cases such as marked lymphadenopathy and
dyspnoea. Their use is also advocated in acutely infected horses with high fever and lethargy in order to
prevent abscess formation as well as cases of ‘bastard strangles’ and guttural pouch infections to eliminate

the carrier state [2, 18].

Penicillin is currently regarded as the drug of choice for the treatment of infections by non-pneumococcal
streptococci in horses and benzylpenicillin administration topically and systemically has appeared to improve
treatment success rates for strangles carriers [2, 18]. The emergence of penicillin-resistant strains of S. equi
subspecies equi should therefore be closely monitored and contrary to similar studies on isolates of equine
origin conducted in the UK and elsewhere [15, 19, 20, 21] we detected penicillin resistance in S. equi

subspecies equi .

Tetracyclines are sometimes recommended as alternative agents for the treatment of upper respiratory
infections in horses [22] but our results suggest that a significant proportion of S. equi subspecies equi and

subspecies zooepidemicus responsible for these infections might be resistant.

Ceftiofur has also been proposed for off-license use in Streptococcus equi infections. Studies have shown
both S. equi subspecies zooepidemicus and subspecies equi to be susceptible in vitro to ceftiofur while
another has indicated that sustained release ceftiofur suspension was effective against lower respiratory
tract infections associated with S. equi subspecies zooepidemicus [23, 24, 25]. From our findings, all B-
haemolytic Group C streptococci tested were susceptible to ceftiofur. In order to preserve their efficacy and
ensure appropriate antibiotic cascade use, cephalosporins should be reserved for cases indicated by culture

and where clinical signs and disease progression necessitate treatment [18].

Given the multiplicity of agents that can cause lower respiratory tract infections in horses and the possibility
of mixed aerobic/anaerobic infections, a broad-spectrum antibiotic regimen is usually recommended for the
empirical treatment of more severe cases [1]. A combination of gentamicin for Gram-negative coverage and
penicillin for Gram-positive and anaerobic coverage (with or without metronidazole) is often used.
Gentamicin showed good to moderate in vitro activity against the Gram-negative isolates from lower
respiratory samples included in our study (resistance ranging from 10.9-26.3%, depending on the bacterial
species). The emergence of gentamicin resistance in E. coli of equine origin was documented in a recent
study [20] and should be further monitored. Gentamicin is sometimes substituted by enrofloxacin in adult

horses [1]. Whilst enrofloxacin resistance remained low amongst isolates from most Gram-negative species,
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approximately half of the Pseudomonas spp were refractory. Information on susceptibility patterns of Gram-
negative isolates in equine respiratory tracts are useful in observing trends but care should be taken in their
interpretation as they may not be clinically significant to the specific case. There is a drive to reduce
enrofloxacin and third and fourth generation cephalosporins in equine medicine and since the introduction
of antibiotic cascade guidelines by the British Equine Veterinary Association [PROTECT ME toolkit, 26] a 90-
95% decrease in prescribing enrofloxacin has been shown in one clinical setting without impacting clinical
results and a 30% decrease in national sales of third and fourth generation cephalosporins have been

achieved [27].

Our findings provide evidence on the aetiology and antibiotic resistance of bacteria isolated from horses
with respiratory disease in the UK and highlights the importance of cytology in the interpretation and
analysis of these samples. The emergence and spread of antibiotic resistance in the bacterial agents most
commonly implicated in infectious respiratory disease in horses can have serious impacts on animal welfare
(higher morbidity and mortality associated with treatment failure) and increase the costs of treatment. It has
become an important issue affecting public health and antibiotic use by veterinarians has become a concern
in recent years leading to the introduction of antimicrobial protocols [28]. Research indicates that factors
affecting veterinary prescribing behaviours and the judicious use of antimicrobials include costs of culture
and sensitivity, lack of rapid and cost-effective diagnostic tests and client pressure [29, 30]. Further research
into factors influencing these behaviours as well as continued monitoring of the susceptibility profiles of
these infections is not only necessary to inform clinicians about the best empirical antibiotic choices but also

to help guide antibiotic stewardship efforts to converse antibiotic efficacy.
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Bacterial species

Lower respiratory samples

Upper respiratory samples

Samples with

Total number of

moderate/profuse
growth (n=43)

samples (n=91)

Samples with

Total number of

moderate/profuse
growth (n=359)

samples (n=468)

N % n % N % n %
Acinetobacter spp. 4 9.3 5 55 38 10.6 57 12.2
a-haemolytic streptococci 2 4.7 9 9.9 31 8.6 47 10.0
Anaerobe 2 4.7 5 55 0 0 0 0
B-haemolytic strep 0 0 5 55 0 0 2 0.4
Bordetella spp. 3 7.0 6 6.6 4 11 6 13
Enterobacter spp. 7 16.3 9 9.9 21 5.8 29 6.2
E. coli 4 9.3 12 13.2 60 16.7 82 175
Pasteurella spp. 15 349 26 28.6 35 9.7 44 9.4
Pseudomonas spp. 7 16.3 19 20.9 32 8.9 58 12.4
S. aureus 1 2.3 4 44 54 15.0 76 16.2
Coagulase negative staphylococci 1 2.3 2 2.2 55 15.3 81 17.3
Coagulase positive staphylococci 1 2.3 2 2.2 39 10.9 63 135
S. pseudintermedius 0 0 1 11 7 1.9 58 12.4
S. dysgalactiae subsp. equisimilis 1 2.3 2 2.2 11 31 12 2.6
S. equi subsp. equi 1 23 4 44 55 15.3 66 14.1
S. equi subsp. zooepidemicus 15 34.9 23 25.3 80 22.3 107 229

Table 1 - Bacterial species most commonly isolated from respiratory samples from horses.

N - number of isolates, % - number of isolates of each bacterial species divided by the number of samples.
Only one isolate of each bacterial species was identified and testing for susceptibility was only carried out when the organism
was isolated in moderate or profuse growth.

12
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% Resistant Isolates

Bacterial species Growth level P AMP  SXT CEF TE ENR MAR CN S C E RD
E coli Moderate/Profuse  N/a 25 0 0 0 0 0 %5 766 0 NA NA
Total  NyA 9.1 28.6 0 42.9 0 0 143 778 0 N/A  N/A
Moderate/Profuse  \/a 0 167 0 0 0 0 23 57 0 NA NA
Pasteurella spp.
Total  NyA 9.1 14.3 0 0 5 0 263 579 0 N/A  N/A
Moderate/Profuse  n/a  g46 80 80 50 50 57 125 758 65 N/A NA
Pseudomonas spp.
Total  N/A 809 583 692 308  46.2 26 109 762 676 N/A N/A
Coagulase-negative ~ Moderate/Profuse 755 n/A 0 0 347 0 0 0 0 0 0 0
staphylococci Total 75  N/A 0 0 333 0 0 0 0 0 0 0
) ) Moderate/Profuse N/A 50 0 100 N/A  N/A 100 100 0 0 0
S. equi subsp. equi
Total 0 N/A 25 0 66.7 N/A  NI/A 100 100 0 0 0
S. equi subsp. Moderate/Profuse NA 30 0 99 NA NA 100 1200 0 0 40
z00epidemicus Total g N/A 214 0 929 N/A NA 100 100 0 0 30
Moderate/Profuse 29 352 343 262 299 115 16 139 531 95 149 474
Total
Total 305 343 325 241 288 12 31 168 567 13 182 373

Table 2 - Antibiotic resistance patterns of bacteria isolated from lower respiratory samples.

P - penicillin, AMP - ampicillin, SXT - trimethoprim-sulfamethoxazole, CEF - ceftiofur, TE - tetracycline, ENR - enrofloxacin,
MAR - marbofloxacin, CN - gentamicin, S - streptomycin, C - chloramphenicol, E - erythromycin, RD - rifampicin, N/A - not
available. Results are shown as percentage of resistant isolates per total number of isolates tested.

Moderate growth= colonies on sectors 1-3, profuse growth= colonies on all 4 sectors.

13
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% Resistant Isolates

Bacterial species Growth level P AMP SXT CEF TE ENR MAR CN S C E RD

Moderate/Profuse ~ N/A 50 30.5 2.1 33.3 0 51 593 59 N/A  N/A

E. coli

Total N/A 42 26.2 2.9 30 0 6.2 53.7 53 N/A  N/A

Moderate/Profuse ~ N/A 8.6 12.1 5.6 43 17.4 5.7 40 0 N/A  N/A

Pasteurella spp.
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Total  N/A 9.5 12.5 8.3 4 16 7.1 429 0 N/A  N/A

Moderate/Profuse ~ N/A 875 629 682 493 375 53 94 406 56.2 N/A  N/A

Pseudomonas spp.
Total N/A 86 632 646 429 25 2.9 54 368 586 NA NA

Coagulase-negative Moderate/Profuse 218 N/A 3.7 6.7 56 135 2.9 19 137 0 94 19

staphylococci Total 198 N/A 6.2 4.4 7.7 9.3 4.1 1.3 105 0 128 25
Moderate/Profuse 125  N/A  16.4 0 368 NA NA 895 917 0 0 9.1

S. equi subsp. equi
Total 6.1 N/A 13.8 0 33.3 N/A N/A 91.1 927 0 15 7.7
S. equi subsp. Moderate/Profuse 0 N/A 103 0 795 N/A N/A 80 921 26 0 6.5
zooepidemicus Total 19 N/A 124 0 74 N/A N/A 86 92.6 2 1 5.9

Moderate/Profuse  23.9 36.6 18.6 7.1 25 12.4 2 16.8 499 6.1 182 302
Total 243 322 177 8.6 20.7 12 1.8 156 457 8.1 191 306

Total

Table 3 - Antibiotic resistance patterns of bacteria isolated from upper respiratory samples.

P - penicillin, AMP - ampicillin, SXT - trimethoprim-sulfamethoxazole, CEF - ceftiofur, TE - tetracycline, ENR - enrofloxacin,
MAR - marbofloxacin, CN - gentamicin, S - streptomycin, C - chloramphenicol, E - erythromycin, RD - rifampicin, N/A - not
available. Results are shown as percentage of resistant isolates per total number of isolates tested.

Moderate growth= colonies on sectors 1-3, profuse growth= colonies on all 4 sectors.
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