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Editorial Preface

Editorial Preface
On behalf of the international and local organizing committees, it is my pleasure to welcome you to the 10th International Equine Infectious Disease Conference (IEIDC X).
This is the latest in a series of meetings focusing on
equine infectious diseases which began in 1966 in Stresa,
Italy. Other previous meetings included Paris, France 1969 and 1972; Lyon, France - 1976; Lexington, KY - 1987;
Cambridge, United Kingdom - 1991; Tokyo, Japan e 1994,
United Arab Emirates e 1998, and Lexington, KY - 2012.
This year's conference is in Buenos Aires, Argentina and
will once again provide equine scientists and veterinarians
from around the world the opportunity to meet and

http://dx.doi.org/10.1016/j.jevs.2016.02.232
0737-0806/© 2016 Published by Elsevier Inc.

discuss recent advances and ongoing challenges in this
ﬁeld.
A special thanks to Dr. Maria Barrandeguy, local organizing committee chair, and the local organizing committee
for their help. I would also like to thank our many sponsors
for their support of this conference.
Dr. David W. Horohov, Chair, IEIDC X International
Committee
Gluck Equine Research Center, Department of Veterinary
Science, University of Kentucky, Lexington, KY, USA
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Routine environmental surveillance and rep-PCR
ﬁngerprinting for the management of a complex
Salmonella outbreak in a veterinary equine teaching
hospital
J.L. Allen*, R.N. Bushell, G.F. Browning, M.S. Marenda
Asia-Paciﬁc Centre for Animal Health, Faculty of Veterinary and
Agricultural Sciences, The University of Melbourne, Parkville
and Werribee, Victoria, Australia
A routine active surveillance program is important to control
salmonellosis within a veterinary hospital. The knowledge gained
from the program, related to the status of Salmonella carriage of
patients upon admission and the level of environmental contamination within a facility, enables rapid recognition and response to
outbreaks, should they occur. Salmonella isolates can be characterised phenotypically and genotypically, by antimicrobial susceptibility testing, serotyping and molecular based techniques. This
study describes the steps taken to effectively manage a complex
outbreak of salmonellosis in an equine facility and the methods
used to characterise the two Salmonella serovars, Muenster and
Newport, implicated at the time of the outbreak. Conventional
bacteriological culture, antimicrobial susceptibility testing and
serotyping were coupled with pulsed ﬁeld gel electrophoresis
(PFGE) and rep-PCR ﬁngerprinting to characterise isolates from 9
clinically affected and 2 asymptomatic horses admitted to the hospital. During the period of the outbreak, isolates (22/179 samples)
were also cultured from the hospital environment. Using rep-PCR
ﬁngerprinting, it was possible to track and differentiate each of the 2
serovars in the patients and the environment during and after the
outbreak. The results generated by rep-PCR ﬁngerprinting were
comparable with proﬁles from PFGE of Salmonella genomic DNA
digested with the restriction endonucleases XbaI and AvrII. The
major advantages of rep-PCR ﬁngerprinting were found to be the
ease and speed with which results could be produced, compared to
PFGE and the delays associated with reporting the serotypes by
reference laboratories. Therefore, this technique, in combination
with phenotypic tests, has the potential to provide more timely
information about the epidemiology of an outbreak to aid decision
making during the course of the event.

119
Effect of alphacypermethrin-treated high density
polyethylene mesh applied to jet stalls on African
horse sickness virus vectors, jet stall microclimate and
stress indicators of horses
P.C. Page*1, K. Labuschagne 2, G.J. Venter 2, A. Ganswindt 3, J.P.
Schoeman 1, A.J. Guthrie 4
0737-0806/$ e see front matter

1

Department of Companion Animal Clinical Studies, Faculty of
Veterinary Science, University of Pretoria, Onderstepoort, South
2
PVVD,
ARC-Onderstepoort
Veterinary
Institute,
Africa;
Onderstepoort, South Africa; 3 Department of Anatomy and
Physiology, Faculty of Veterinary Science, University of Pretoria,
Onderstepoort, South Africa; 4 Equine Research Centre, Faculty of
Veterinary Science, University of Pretoria, Onderstepoort, South Africa

Culicoides biting midges (Diptera: Ceratopogonidae) are of
importance to health and international trade in horses worldwide,
primarily as vectors of African horse sickness (AHS) virus. During
export from and transit through AHS endemic countries or zones
protection measures of a chemical and physical nature are recommended by the World Organization for Animal Health to protect horses from AHS vectors. The efﬁcacy of alphacypermethrin
(20-40 mg/m2) insecticide-treated high density polyethylene
(HDPE) mesh, applied to a containerized air transport system for
horses (jet stall), against Culicoides midges was determined by
mechanical aspiration. Midges were aspirated around sunset
(17h00-18h00) from two horses housed in either a treated or
untreated stall, as well as from an outside sentinel horse, in four
blocks of a 3 x 2 randomized design under South African ﬁeld
conditions. Additionally, jet stall microclimate, clinical variables
and fecal glucocorticoid metabolites (FGM) of 12 horses housed
overnight (16h00-06h00) in either a treated or untreated stall
were monitored in two blocks of a 2 x 3 randomized crossover
design under temperate climatic conditions. The alphacypermethrin-treated HDPE mesh signiﬁcantly (P¼0.008) reduced
the number of Culicoides midges, predominantly C. imicola, mechanically aspirated from horses housed in the jet stall. The treated
mesh reduced the midge attack rate in the treated stall compared
to the untreated stall and the sentinel horse by 6 and 14 times,
respectively. Mean (range) treated stall temperature (16.7 C [11.327.1 C]), was signiﬁcantly higher than outside temperature (11.6 C
[6.0-27.8 C]) at 10/15 time points (P¼0.001e0.033), but did not
differ from untreated stall temperature (14.6 C [9.2-27.1 C]). Mean
(range) relative humidity (RH) in the treated stall (67.1% [29.679.1%]), was signiﬁcantly lower than the outside RH (79.4% [34.896.3%]) at 7/15 time points (P¼0.001e0.005), but did not differ
from the untreated stall RH (70.8% [29.3-85.8%]). Temperature and
RH in the treated stall were highly and signiﬁcantly correlated
with outside temperature (r¼0.961, P<0.001) and RH (r¼0.954,
P<0.001), respectively. No signiﬁcant differences were detected
between rectal temperatures, pulse and respiratory rates of horses
in the treated stall compared to the untreated stall. Mean FGM
concentrations for horses housed in the treated stall peaked earlier
(24 h) and at a higher concentration than horses housed in the
untreated stall (48 h), but were not signiﬁcantly different from
baseline. No signiﬁcant difference was detected in FGM
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concentrations when the treated and untreated stall groups were
compared at individual time points. Alphacypermethrin-treated
HDPE mesh could be used under temperate climatic conditions to
reduce exposure of horses in jet stalls to AHS vectors.

147
Surveillance program for Equine Inﬂuenza Virus in the
United States (2010-2013)
N. Pusterla 1, P. Kass 1, S. Mapes 1, N. Akana 1, W.E. Vaala*2, D.C.
Barnett 2, C. MacKenzie 2
1
School of Veterinary Medicine, University of California, Davis, CA;
2
MSD, Madison, NJ
Recent surveillance studies for equine respiratory viruses have
shown that equine inﬂuenza virus (EIV) remains a prevalent viral
respiratory pathogen of horses throughout the USA and Europe.
Due to the highly contagious nature and rapid spread of EIV, this
virus poses severe ﬁnancial implications for the horse industry. The
objective of this voluntary surveillance study was to gain a better
understanding of the prevalence and epidemiology of EIV shed by
horses presented to veterinarians with an upper respiratory tract
(URT) infection from March 2010 to November 2013. Equine
practitioners throughout the United States (239 practices in 38
states) were asked to collect nasal secretions from equine patients
with signs of acute URT infection. A questionnaire was used to
collect information pertaining to patient demographics and clinical
signs. Samples were tested by qPCR for the presence of EIV. Categorical analyses were performed using a Pearson's chi-square test
to determine the association between observations (age, breed,
gender, use, vaccination and clinical signs) and EIV. Further, categorical observations from EIV positive horses from March 2010 to
November 2013 were compared to previous data from March 2008
to February 2010 (60 EIV PCR positive horses). Sequencing analysis
of the HA1 gene of EIV was performed on 35 different EIV isolates
to determine their sequence homology. A total 2,375 horses were
enrolled with 230 (9.7%) index cases testing PCR positive for EIV.
EIV positive horses in the 1-5 and 6-10 year age group, as well as
Quarter Horses, were over-represented, while stallions/colts were
under-represented. Fever, nasal discharge and coughing were more
commonly observed in EIV positive horses than the entire study
population. EIV positive cases from the 2010-2013 study period
were signiﬁcantly older and more often vaccinated against EIV
compared to EIV positive animals from the 2008-2010 study
period. Among the 84/230 EIV (+) horses with a conﬁrmed vaccination status, 46% were vaccinated within the previous 6 months
and 31% vaccinated within 12 months. All the sequenced EIV isolates belonged to the clade 1 Florida sublineage. This study provides valuable contemporary information on the frequency of EIV
detected by qPCR and underscores the fact that older and previously vaccinated horses were susceptible to EIV. There was evidence for lack of vaccine effectiveness following use of inactivated
EIV vaccines currently available, including those containing
contemporary strains such as A/equine/Ohio/1/2003.

008
The importance of biosecurity
L.G. Pantaleon DVM MS DACVIM MBA*
Ogena Solutions LLC, Director of Technical Services, Pantaleon
PLLC, Veterinary Industry Advisor, Versailles, KY, USA
Biosecurity is essential to patient care and excellent care cannot
be achieved without measures aimed at preventing and or
minimizing the spread of contagious infectious diseases. Infectious pathogens are a serious threat to human and animal health.
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In human medicine the improvements in medicine, public health
and social standards have led to a paradoxical increase in exposure and susceptibility to pathogens. It could be argued that the
same trend is occurring in veterinary medicine with more
intensive production systems, increased veterinary hospital
specialization with higher case load and sicker patients. Moreover
the extensive use of antibiotics in humans and animals has added
to the selective pressures for development of microbial resistance,
thus antibiotic stewardship should be paramount within a biosecurity program. Infectious disease outbreaks are very costly for
both the human and the veterinary care system. A survey of
veterinary teaching hospitals in North America revealed that 82 %
reported an outbreak of an infectious disease. Salmonella enterica
was the leading cause of outbreaks (65 %) followed by methicillin
resistant Staphylococcus aureus (42 %). The importance of nosocomial Salmonellosis lays on its high mortality rate (30 to 60%).
Ambulatory equine practices generally deal with healthy populations, in which vaccination is considered to be the main tool for
preventing the spread of infectious diseases. However other
forgotten practices such as proper environmental disinfection,
isolation, hand hygiene, equipment disinfection and education,
must also be part of a comprehensive protocol for prevention and
control of pathogens. In the author’s experience, there has been a
shift towards treating sicker animals at the farm, here it is paramount to educate farm personnel and implement strong biosecurity measures in order to prevent the spread of contagious
diseases to the healthy population. If biosecurity is not practiced,
veterinarians could carry infectious diseases to a large number of
farms and for long distances. Therefore proper hygiene, protective
clothing and disinfection should be part of the tools that ambulatory practitioners use to prevent infectious diseases spreading.
Biosecurity does not stop with us veterinarians: we must also
educate our clients about the importance of these practices. This
is especially important for horse shows where large numbers of
horses concentrate transiently e which is highlighted by the
resent EHV-1 outbreaks. These types of outbreaks are very costly
for the equine industry due to diagnostic testing, veterinary bills,
and cancelled competitions, loss of clients, bad publicity, and law
suits. Having in place strict biosecurity measures before, during
and after such events would help to prevent or minimize the
consequences of disease outbreaks, thus saving money and lives.
The implementation of infection prevention measures reduce the
need to use antibiotics, decrease costs and saves lives.

009
Why do we
environment?

need

to

monitor

and

“treat”

the

L.G. Pantaleon DVM MS DACVIM MBA*
Ogena Solutions LLC, Director of Technical Services, Pantaleon
PLLC, Veterinary Industry Advisor, Versailles, KY, USA
The environment and fomites play important roles in the transmission of pathogenic microorganisms that can survive on surfaces for prolonged periods of time; this is true for human and
veterinary medicine. The colonized or infected patient play a key
role in contamination of environmental surfaces and or fomites; in
turn personnel using poor biosecurity practices, such as lack of
hand hygiene or improper footwear cleanliness, can aid with the
dissemination of environmental pathogens. Furthermore substandard cleaning and disinfection possess a risk for the next animals occupying that environment, such as a contaminated stall, to
become colonized or infected. In human health care hand/glove
contamination are strongly correlated with environmental
contamination, that is the more contaminated the environment is
the more likely hands will be contaminated and aid with the
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spread of pathogens to other patients or surfaces. Therefore
cleaning and disinfection are paramount for keeping the environment and fomites safe for animals and humans in a hospital and
ﬁeld environments. Studies in humans and veterinary settings
have shown that contaminated environment and fomites
(stethoscopes, thermometers, etc.) are routinely found, thus
posing a risk for disease transmission. Furthermore routine
cleaning and disinfection has been shown to be effective in
decreasing the bioburden on environmental surfaces, thus
decreasing the chances of disease transmission. Practices such as
improved education and training, checklists to assure that all
surfaces and equipment/devises are treated and assessment of
environmental cleanliness with feedback to the environmental
service worker have been shown in human medicine to improve
frequency of adequate cleaning by 71 to 77%. Practices like these,
with the added environmental surveillance cultures for Salmonella
spp. were instituted by the author with success in the past in both
the ﬁeld and hospital environments. Even though studies have
shown that environmental cleaning and disinfection reduces
pathogen loads, these measures should be complemented by other
interventions that strengthen and complement it. For example
monitoring of Salmonella shedders will enhanced infection control
practices by performing a more thorough cleaning and disinfection
of high risk areas. Moreover biosecurity education of personnel
involved with animal care would increase engagement and
compliance, thus strengthening infectious control measures.

010
Antimicrobial resistance and the new stewardship
paradigm: Where do horse vets and the horse ﬁt in?
J.F. Prescott
Department of Pathobiology, University of Guelph, Guelph,
Ontario N1G 2W1, Canada
Equine medicine is not exempt from the global antimicrobial
resistance crisis. Resistance threatens everyone. Since bacteria
are changing, everyone who uses antibiotics also has to change.
This talk will describe the resistance tsunami, and discusses
resistance and resistance issues within the context of equine
veterinary practice. The talk will discuss whether there is a
resistance problem in horses, and where resistance has become
or is becoming a problem. The emergence of MRSA and the
widespread resistance of Rhodococcus equi on some horse farms
will be used to illustrate important aspects of antimicrobial
stewardship. We will promote the emerging ethic of Good
Stewardship Practice (GSP), deﬁned as an active, dynamic process of continuous improvement. GSP is an ethic with many
steps of different sizes by everyone involved with antibiotic use.
GSP takes a “5R approach” of responsibility, reduction, reﬁnement, replacement and review. The talk with discuss the
development of practice guidelines based on the British Equine
Veterinary Association’s “Protect ME” approach, infection control, the use of clinical microbiology laboratories, understanding
of the principles of pharmacokinetics and pharmacodynamics,
regulations, and education, as major aspects of GSP and of the
efforts being made to improve antibiotic use practices in equine
medicine.

Posters
053
Comparative efﬁcacies of disinfectants against bacteria
causing healthcare-associated infections
A. Ochi, H. Niwa, Y. Kinoshita, T. Ueno, Y. Katayama
Equine Research Institute, Japan Racing Association, Japan

Healthcare-associated infection (HAI) is a considerable problem
in veterinary and human medicine. HAI is caused by a broad range
of bacterial, viral, fungal, and parasitic pathogens. In horses, the
common bacterial causes are methicillin-resistant Staphylococcus
aureus (MRSA), Pseudomonas aeruginosa, Clostridium difﬁcile, and
Streptococcus equi subsp. zooepidemicus. These infectious organisms can survive on environmental surfaces for long periods with
the possibility of being transmitted to susceptible hosts. Therefore, the environment may serve as an important reservoir, and a
wide variety of disinfectants have been used for HAI prevention
and control. However, there is currently insufﬁcient evidence to
select a disinfectant and use it efﬁciently in horse facilities. We
used suspension tests to investigate the comparative efﬁcacies of
disinfectants available in Japan against MRSA (Stap-163), P. aeruginosa (NE-209), S. zooepidemicus (Strep-232), and C. difﬁcile
spores (anaero-125). All the bacterial strains used were isolated
from horses with HAI at our institute. The chemical disinfectants
tested were: quaternary ammoniums (QAs; Astop and Pacoma L),
biguanide (Hibitane), aldehydes (Sterihyde and Hermin 25), hypochlorites (Purelox and Bi-jia), oxidizing agents (Vircon S and
Hyprox accele), an iodine compound (Cleanup A), and isopropanol. The bactericidal effect was evaluated after an exposure
time of 0.5 to 30 min and at a range of chemical concentrations.
Moreover, the inﬂuences of temperature (20 and 4ºC) and organic
load (10% fetal bovine serum; FBS) on bactericidal effectiveness
were investigated. Among the tested bacteria, C. difﬁcile spores
were highly resistant to the disinfectants. In the absence of FBS
and at 20ºC, aldehydes, hypochlorites, and oxidizing agents were
highly effective, and iodine also inactivated spores with a contact
time of 30 min. However, QAs, biguanide, and isopropanol
showed no sporicidal activity under any of the conditions tested.
In the presence of 10% FBS or at 4ºC, or both, Hyprox accele
remained effective, whereas the sporicidal effects of the other
agents were reduced. There was no signiﬁcant difference between
the susceptibilities of MRSA, P. aeruginosa, and S. zooepidemicus to
the disinfectants. These bacteria were inactivated by all the disinfectants within 5 min in the absence of FBS. The bactericidal
effects varied considerably among different types of active compounds at 4ºC or in the presence of FBS, or both. QAs and biguanide were less effective in the presence of FBS or at 4ºC, or both.
The efﬁcacy of aldehydes was decreased at 4ºC rather than by the
presence of FBS. Hypochlorites, oxidizing agents, and the iodine
compound remained effective at 4ºC, but their activities were
markedly decreased in the presence of FBS. In contrast, the
bactericidal efﬁcacy of isopropanol was almost unaffected. In
conclusion, all the disinfectants tested were effective against
clinical isolates of MRSA, P. aeruginosa, and S. zooepidemicus, and
aldehydes, hypochlorites, and oxidizing agents efﬁciently inactivated C. difﬁcile spores. However, the efﬁcacy of disinfectants was
reduced at 4ºC or in the presence of organic matter, or both.

055
Health knowledge and infection control by event horse
owners: a qualitative analysis
H. Ellis, N.R. Kendall, J.H. Kydd*
School of Veterinary Medicine and Science, University of
Nottingham, Sutton Bonington, Loughborough, Leicestershire
LE12 5RD, United Kingdom
Infection control and quarantine measures are essential to minimise the impact of equine infectious diseases, but their uptake by
equestrians involved with sport horses in the United Kingdom is
undocumented. Using a questionnaire, this study aimed to: i)
determine the knowledge and practices of eventing equestrians
about their horses’ health and the clinical signs of endemic and
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exotic equine infectious diseases and ii) assess existing infection
control and quarantine measures on event horse yards. A questionnaire was designed, piloted and distributed electronically
over six weeks. The target respondents were equestrians involved
in eventing, including jumping their horses over fences either
<100cms or >100cms. Data were described qualitatively and
analysed statistically to identify any relationships between
selected parameters. A total of 146 responses were analysed. The
majority of respondents were female, involved as amateurs in
eventing and their veterinary surgeon was the ﬁrst choice for
advice. To assess temperature,owners often used touch, but rectal
temperature was taken rarely. The majority of horses were
vaccinated against tetanus and inﬂuenza but a minority against
EHV-1/-4. Most respondents identiﬁed the clinical signs of
inﬂuenza and Streptococcus equi, but were less certain about EHV1/-4. Only 30.1% of respondents had access to quarantine facilities,
which were signiﬁcantly more likely to be available in professional yards (p¼0.043) and in riders competing above the 100cm
level (p¼0.0003). Professionals competing their horses above
100cm were signiﬁcantly more likely to have quarantine facilities
(p<0.05). A majority of yards with quarantine facilities isolated
new horses for 2-4 weeks. Facilities included a separate stable
(81.8%) or ﬁeld (68.2%), but separate equipment (47.7%) and access to disinfectant (36.4%) were available less frequently. In
conclusion, amateur equestrians involved in eventing require
better education on the routine use of infection control and
quarantine measures to minimise the impact of equine infectious
diseases and thus strengthen infection control nationally.

103
The use of PLFA analysis to detect differences in
microbial activity in compost from horses treated
with and without antibiotics
S.D. Mitchell, E. Bernard, A. Longo, A. Garcia, M. Hutchinson,
R. Causey
University of Maine, School of Food and Agriculture - Animal and
Veterinary Sciences, Orono, ME 04469
There is increasing concern about the role of antibiotics and
antibiotic resistant bacteria in the environment. In addition, there
is an increasing recognition of the role of the gut microbiome in
equine gastrointestinal health. Central to both of these concerns is
the impact of oral antibiotics on horse health and incidence of
pathogenic bacteria in equine feces. A study was therefore carried
out to determine the impact of a common oral antibiotic
administered to horses (Sulfadiazine-trimethoprim) on the microbial community of feces from horses receiving antibiotics. It
was hypothesized that the microﬂora in equine stall waste
collected from a herd of horses and composted in a static pile over
7 days would differ if these horses were treated with the prescribed antibiotic compared to horses not treated. A herd of 15
horses aged between 4 and 27 years received the recommended
dose of a commercial oral antibiotic (12.5 g of sulfadiazine and 2.5
g trimethoprim per 1100 lb horse SID) for 4 days. Manure was
collected from all horses from days 2 to 4 of antibiotic administration and composted in a static window approximately 4 feet
high and 5 feet wide at the base. On days 0, 2, and 7, samples to ﬁll
a 1 gallon plastic bag were collected and stored at -20 0C. For
comparison, stall waste was also collected from the same horses
for 3 days prior to antibiotic administration, composted in the
same way, and sampled at 0, 2, and 7 days. Samples (approximately 10 g) were submitted at each time point from each pile for
phospholipid fatty acid (PLFA) analysis. Results were then
compiled and analyzed reporting the percentage of each class of
microorganism according to fatty acid content. In samples from
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horses not treated with these antibiotics, gram-positive fatty
acids accounted for a larger percentage of the microbial community than gram-negative bacterial fatty acids. In samples from
treated horses, both gram-positive and gram-negative bacterial
fatty acid content stayed constant over time. This suggests the
presence of Sulfadiazine-trimethoprim in compost inhibits the
growth of gram-positive bacteria in comparison to gram-negative
bacteria. While preliminary, these data suggest that administration of oral antibiotics to horses alters the microﬂora in composted equine stall waste.

118
Elimination of the use of rubber stall mats for effective
intervention of nosocomial Salmonella enterica spp.
infection in a veterinary teaching hospital
R.S. McConnico*1, R.W. Stout 2, F.M. Andrews 1, A.F. Roy 2
1
Dept. of Veterinary Clinical Sciences, Louisiana State University,
Baton Rouge, Louisiana, 70803; 2 Dept. of Pathobiological Sciences,
Louisiana State University, Baton Rouge, Louisiana, 70803
A nosocomial outbreak involving two serovars of Salmonella
enterica spp. (serovars Javiana and Agona) in a population of
hospitalized horses resulted in re-evaluation of current hospital
biosecurity measures in the large animal veterinary teaching
hospital (VTH). Evaluation of the VTH salmonella patient and
environmental surveillance and tracking information was suggestive of certain trouble spots with repeated positive environmental and patient fecal samples. Interventional control
measures included re-evaluating the standard operating biosecurity procedures, ensuring appropriate training sessions for
hospital personnel, re-evaluating and modifying bedding and
manure disposal, removing items considered to be non-cleanable, painting the interior of the facility with a nontoxic readily
cleanable epoxy-type paint, replacement of stall walls with
cleanable synthetic surfaces, and removing the non-cleanable
rubber stall mats. These changes had previously been instituted
in the equine and large animal intensive care unit except for
the elimination of the rubber stall mats. When rubber stall
mats were removed and replaced with a poured ﬂooring material, the outbreak situation in the ICU was able to be
controlled and subsequently, the main large animal hospital
patient housing and care areas. Prevention of nosocomial
infection requires a multifaceted approach and care must be
taken to search out covert sources of contamination, such as
the rubber stall mats, when standard intervention procedures
do not prevent spread of the disease. Prevention of nosocomial
infection is multi-modal and requires continued awareness, a
committed team-oriented approach, and strict enforcement of
biosecurity policies.

126
Development of a high-throughput cell-based assay to
determine anti-equine arteritis virus properties of
chemical compounds
G. Amelot 1, D. Gaudaire 1, P. Suzanne 2, H. Munier-Lehmann 3,
S. Pronost 4, S. Zientara 5, P.O. Vidalain 6, A. Hans*1
1
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Equine arteritis virus (EAV) is a single-stranded positive RNA virus
that belongs to the Arteriviridae family, Nidovirales order. EAV can
be transmitted either by respiratory or veneral route. Following
the initial infection, stallions may become asymptomatic carriers
and can shed the virus in their semen. Those stallions are reservoir for EVA and have to be properly handled to prevent any viral
spread in horse population. Vaccination is an effective preventive
measure to limit the spreading of the virus in equine population.
However, no speciﬁc treatments to eliminate the virus from
shedding stallions are currently available. The main objective of
our study was to develop a high-throughput infection assay to
screen candidate drugs for their antiviral properties against EAV.
We have decided to use RK-13 cells since EAV replication is
cytopathic in those cells. First, cytotoxic effects of different diluents (DMSO, Tween, PBS), likely to be used for compounds
reconstitution, have been evaluated on RK-13 cells. In parallel, the
same compounds were tested for their ability to prevent viral
cytopathic effect in infected RK-13. Cell viability was evaluated
using a commercial luciferase-based assay to quantify cellular ATP
in culture wells. To determine the best model to test compounds,
cells were cultured and infected in 96-well plates in the presence
of EAV at different multiplicity of infection (MOI) and different
incubation times (24h, 48h, 72h). Our results show that Tween 80
and PBS do not exhibit any toxicity on RK-13 cells and can be used
as diluent to reconstitute compounds unlike DMSO that should be
used at concentrations lower than 1%. Interestingly, Ribavirin, an
inhibitor of inosine monophosphate (IMP) dehydrogenase leading in cells to purine (GTP pools) depletion, exhibits an anti-EAV
activity at 20 mg/ml. In conclusion, we have developed a highthroughput cell-based assay using RK-13 cells that can be infected
with EAV at different MOI. With this assay anti-EAV properties of
compounds can be assessed in 48 hours. Compounds with a
conﬁrmed, in-vitro, anti-EAV action will be good candidates for invivo studies.

216
Report of a case of Salmonellosis in an adult horse
 n 1, M. Mascioli 2, M. Catena 1
J. Canto
1
Area of Infectious Diseases; 2 Area of Equine Production,
veterinarian in the private practice. UNCPBA, (7000) Tandil,
Argentina
Salmonellosis is one of the main causes of chronic diarrhea in
adult horses. Treatment is difﬁcult and the prognosis is poor. In
this work, a case of salmonellosis in an Argentinean polo race,
castrated, 5 year-old horse, is reported. In July 2015 the horse
arrives at a farm in Tandil District, in poor condition, with diarrhea
and weakness. On August 24th, the veterinarian is consulted. The
horse was sharing the farmyard with chickens; it was depressed,
with edema of the four limbs and pale mucous membranes. It is
treated with fenbendazole (10mg/kg/24 h for 5 days). For a better

follow up, on September 13th, it is moved to a pension in the city
of Tandil. The horse had hyperthermia (40  C), pale mucous
membranes and profuse, watery diarrhea. It is treated with 1 mL/
10-20 kg bodyweight/day of 20 g sulfadimidine, 4 g trimethoprim
and 0.04 g loperamide-HCl for 3 days. Diet is changed to pellets,
alfalfa and oats. Blood for blood-count is drawn on September
15th (Table 1). Parasitological examination of stool samples is
negative. On September 30th, the horse is again depressed, with
foreskin and ventral edema, hyperthermia (40.2  C), pale mucous
membranes, weakness and loss of appetite. Blood-count was
performed (Table 1). Stools were collected for microbiological and
parasitological tests. The coproparasitological results were
negative.
Table 1
Alterations in the blood-count results
Parameter

Results 9/15

Results 9/30

Units

Hematocrit
Hemoglobin
Erythrocytes
M.C.V.
M. C. H
Leukocytes
Band neutrophils
Basophils
Total proteins
Albumin
Globulins
Bilirrubin
Fibrinogen

28
9.5
5.000.000
56
19
9600
0%
2
7.3
2.3
5
2.5
400

14
9.2
3.350.000
39
14.1
16600
5
0
7
2.18

%
g/dl
mm3
Fl
Pg
mm3
%
%
g/dl
g/dl
g/dl
mg%
mg%

On October 1st, hydration therapy and blood transfusion are
performed. Penicillin 30,000 IU/kg every 24 h, 6.6 mg/kg/IV
gentamicin every 12 h and ﬂunixin meglumine at endotoxic doses
for 5 days are administered. Stool samples were subject to the
systematic processes for isolation and identiﬁcation of microorganisms: stains, blood agar and McConkey cultures, pre-enrichment in selenite broth and subcultures in SS agar in aerophilic
conditions at 37  C. The 48 h subculture develops lactose negative
colonies with sulfhydryl of a Gram negative bacillus, which is
subject to TSI, LIA, catalase, oxidase, nitrates reduction, IMViC,
urea and motility. These tests allowed the identiﬁcation of Salmonella sp. The isolated strain was sensitive to: enroﬂoxacin,
gentamicin, nalidixic acid, trimethoprim-sulfadiazine and ceftriaxone. On October 9th, the horse worsens, remains in recumbent
position and it is decided to perform euthanasia. Microbial
isolation, signs and blood biochemistry are in agreement with a
case of chronic salmonellosis. Transmission by carriers or other
co-habitant animals is possible. The determination of the species
and serotype will allow further genetic studies.
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Viral infections in horses in Argentina: an overview
based on laboratory results
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Viral infections are a permanent threat for the equine industry
worldwide. In the present work we summarized the information,
regarding viral diseases of horses, obtained in our laboratory in
the last three years (2013-2015). During this period, 260 tissue
samples of abortions from 150 breeding farms; 83 nasopharyngeal swabs from 11 outbreaks of respiratory disease in foals and
808 from horses in the pre-export quarantine; 139 stools from 27
cases of diarrhea in foals; 112 semen samples from Equine
Arteritis virus (EAV) seropositive stallions and 8 central nervous
system (CNS) samples, were submitted for virological studies.
Serum samples were submitted for antibody detection of EAV (n:
13,800) and West Nile Virus (WNV) (N: 5,482) from horses in preimport/export quarantine and from an EAV surveillance program
on registered (Stud book, Fomento Equino and Sociedad Rural
Argentina) stallions. The diagnosis approach was done by virus
isolation on tissue culture or embrionated eggs, and also by
detection of viral genome by PCR. Seroneutralization and MAC
ELISA were used for EAV and WNV antibody detection, respectively. The described diagnostic tests were conducted following
the recommendations of the World Organization for Animal
Health (OIE). Equid herpesvirus 1 (EHV1) was detected in 5% (13/
260) of the abortions, and in 5 premises this infection generated
multiple fetal losses (abortion storms). All EHV1 were characterized as the non-neuropathogenic (A2254) variant. Equid herpesvirus 4 was registered in 36% of the cases of respiratory disease in
foals. Inﬂuenza virus was not detected in none of the nasopharyngeal swabs analyzed. Diarrhea in young foals due to Rotavirus
infection was detected in 48% (13/27) of the cases. EAV was not
found in the abortion cases or in the semen samples analyzed.
Rabies virus was the cause of neurological disease and death in
horses occurred in Salta province, an endemic area of vampire
bats (Desmodus rotundus). The virus was characterized as antigenic variant 3 (vampire). EAV serology demonstrated that 3%
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(356/13,800) of the samples analyzed were positive. The EAV
positive horses had been either related with the EAV outbreak
occurred in Argentina in 2010, or vaccinated, or imported as
vaccinated. No “new” EAV positive horses were detected after
August 2010. No samples tested positive for WNV were found. The
data presented here showed that the horse population in
Argentina is exposed to several viral infections; thus, the importance of preventive and control measures as well as the beneﬁts of
surveillance programs is emphasized.

020
Detection of Equine Infectious Anemia virus by
insulated isothermal RT-PCR (iiRT-PCR) assay using the
POCKIT TM Nucleic acid analyzer
M. Barrandeguy 1, 4, G. Espasandin 2, I. Alvarez 1, A. Vissani 1,
F. Cipolini 2, D. Martinez 2, S. Chung 3, Y. Tsai 3, A. Lee 3, T. Wang 3
1
Instituto de Virología, CICVyA, INTA-Castelar, Argentina; 2 Facultad
de Veterinaria, Universidad Nacional del Noreste, Corrientes,
Argentina; 3 Department of Research and Development, GeneReach
USA, Lexington, MA, USA; 4 Escuela de Veterinaria, Universidad del
Salvador, Pilar, Buenos Aires, Argentina
Equine Infectious Anemia (EIA) is a disease of great concern for
the equine industry worldwide. EIA virus (EIAV) infection can
result in either an acute or chronic (swamp fever) disease that
typically transitions to a life-long, inapparent (asymptomatic)
infection. Diagnosis is based on serological testing, being the agar
gel immunodiffusion test (AGID) the OIE prescribed test for international trade of horses. To date, the detection of EIAV in the
blood by molecular diagnostic assays (e.g. quantitative real-time
RT-PCR) has not been implemented for routine diagnosis.
Recently, a ﬂuorescent probe hydrolysis-based insulated
isothermal PCR (iiPCR) integrated with an optical detection
module (POCKIT TM) has been validated for on-site detection of
several bacterial and viral infections of veterinary interest in
clinical specimens. The aim of this work was to evaluate the
performance of an iiRT-PCR targeting the 50 LTR+gag gene of EIAV
genome using the POCKITTM platform. Clinical samples included
serum, whole blood and buffy coat collected from 165 horses
distributed in an endemic (n¼53), a sporadic (n¼92), and a free
(n¼20) EIA zone based on previous prevalence studies performed
in Argentina. None of the horses included in the study showed
clinical signs of disease at the time of sampling. Serum samples
were tested by AGID, while whole blood and buffy coat samples
were tested by the newly developed EIAV iiRT-PCR and a previously described EIAV real-time PCR (qPCR) assay. The sensitivity
of the EIAV iiRT-PCR assay to detect infected horses was assessed
on whole blood and buffy coat samples, and compared with the
AGID test. A total of 56 and 109 serum samples were AGID positive
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and negative, respectively. Regarding the buffy coat samples, iiRTPCR detected EIAV nucleic acid in 31/56 AGID positive samples,
while 108/109 AGID negative samples tested negative by iiRTPCR. Total agreement was 84.24%. When whole blood samples
were evaluated, a total of 16 iiRT-PCR positive and 15 iiRT-PCR
negative out of 31 AGID positive samples were obtained. Additionally, EIAV nucleic acid was not detected in 25 AGID negative
samples .Total agreement was 73.21% for this sample type. When
evaluating the accuracy of EIAV iiRT-PCR and qPCR, 28/165 and
130/165 buffy coat samples tested positive and negative by both
assays, respectively. Five iiRT-PCR positive samples were negative
by qPCR and two qPCR positive samples were negative by iiRTPCR. Thus, EIAV iiRT-PCR showed more than 95% agreement with
qPCR results. It has been demonstrated that the absence of clinical
signs is correlated with very low, frequently undetectable
viremia. Therefore, EIAV iiRT-PCR appears to be a promising tool
to identify infected horses including those experiencing low
infectivity titers in blood. Furthermore, as initial EIAV replication
rates are frequently high, recently infected equids pose a
considerable transmission risk long before seroconversion. In our
study, a horse was determined seronegative by AGID, but was
identiﬁed as EIAV infected by iiRT-PCR. Thus, EIAV iiRT-PCR could
be considered as an alternative diagnostic tool in the implementation of control strategies during an EIA outbreak in the low
prevalence area of our country.

024
Equine arteritis virus antibody cELISA, a well-validated
alternative to the World Organization for Animal
Health (OIE)-prescribed virus neutralization test
C.J. Chung*1, U. Balasuriya 2, P. Timoney 2, C. Wilson 1,
A.L. Grimm 1, K. Pfahl 2, K. Shuck 2, T.C. McGuire 1
1
VMRD Inc., Pullman, Washington 99163; 2 University of Kentucky,
Lexington, Kentucky 40546
Equine arteritis virus (EAV) is the cause of equine viral arteritis,
a systemic viral disease of equids that is characterized by signs

and speciﬁcity compared to the VN test. With the aim of producing a simpler and faster alternative to the OIE-prescribed
test, a cELISA was developed using EAV gp5-speciﬁc nonneutralizing monoclonal antibody (MAb) 17B7. This cELISA was
validated with diverse sera (n¼2469) against the VN test. It had
a diagnostic sensitivity of 95.5% and a diagnostic speciﬁcity of
99.8% (JVDI. 25:182-8). The MAb-17B7 cELISA was further
validated in three EAV-testing laboratories including one OIEreference and two AAVLD-accredited laboratories: These
conﬁrmed a test sensitivity of 99.5% and a speciﬁcity of 98.2%
(JVDI 25:727-35). As part of test validation, the following ﬁve
additional analyses were satisfactorily performed according to
the OIE-recommended validation protocol: 1. the primary assay
was calibrated with the OIE approved reference serum panel for
EVA, 2. repeatability of the assay was evaluated within and
between runs, 3. analytical speciﬁcity was evaluated using sera
speciﬁc for selected equine viruses, 4. analytical sensitivity was
evaluated with sera collected from horses vaccinated with the
modiﬁed live virus vaccine against EVA (Arvac®, Zoetis Animal
Health), and 5. Duration of the positive cELISA antibody was
evaluated following EVA vaccination. The analytical sensitivity
of the new cELISA was comparable to the VN test in that it
detected EAV-speciﬁc antibody as early as 6 days post-vaccination. The duration of EAV-speciﬁc antibody detection by
cELISA was over six years post-vaccination. Based on the data
obtained, signiﬁcant correlation was demonstrated between
the VN test and cELISA results (r2¼0.79, P<0.0001). The cELISA
was further improved using EAV puriﬁed by anion-exchange
membrane chromatography (JVDI accepted). This enhanced
cELISA was validated using diverse sera (n¼3255) at the
Maxwell H. Gluck Equine Research Center. The relative sensitivity and speciﬁcity of this assay against a group of ﬁeld sera
(n¼1851) was 99.6% (95% CI 99.4-100.0) and 98.7% (95% CI 98.3,
99.6), respectively, compared to the VN test (manuscript submitted). This rapid, highly sensitive and speciﬁc cELISA compares very favorably to the VN test. It is USDA licensed and
should facilitate screening of horses intended for international
movement.

Table 1
Diagnostic performance of previous EAV ELISAs
Assay format, number sera tested

Diagnostic sensitivity

Diagnostic speciﬁcity

Reference

Indirect ELISA (gp5+N+M), 187
Indirect ELISA (peptide, N and replicase), 200
Indirect ELISA (WV), 839
Indirect ELISA (gp5), 1500
Indirect ELISA (WV), 46
Competitive blocking ELISA (M), 100
Indirect ELISA (gp5), 800
Competitive blocking ELISA (gp5), 675

92.3, 57.1%
99%
87.5%
99.6%
96%
86%
96.75%
90.7%

100%
71%
98.9%
90.1%
26%
100%
95.8%
99%

J Virol Methods 76:127-37
J Virol Methods 73:175-83
J Vet Med Sci 60:1043-5
J Virol Methods 54:1-13
Equin Vet J 40(2):182-3
CIMID. 26:251-60
J Virol Methods 90:167-83
CJVR;64:38-43

of respiratory disease, abortion, and infrequently, death in
young foals. OIE deﬁnes a horse as seropositive if its EAV virus
neutralization (VN) antibody titer is 1:4. The VN test can take
up to 72 hours to complete and requires certain laboratory facilities, equipment, and technical expertise to perform. Nonviral cytotoxicity of sera from some horses vaccinated with
certain equine herpesvirus-1 vaccines can interfere with
interpretation of the test. Inter-laboratory variation in VN results due to variables such as reference virus used, type and cell
passage history has been reported. For these reasons an alternative serologic test is desirable, but none of the previously
reported ELISA tests (Table 1) have shown equivalent sensitivity
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serodiagnosis of ﬂavivirus-associated neurological
diseases in horses
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West Nile virus (WNV), Japanese encephalitis virus (JEV) and tickborne encephalitis virus (TBEV) are ﬂaviviruses responsible for
severe neuro-invasive infections in horses and humans. The
conﬁrmation of ﬂavivirus infections is mostly based on rapid
serological tests such as enzyme-linked immunosorbent assays
(ELISA). These tests suffer from poor speciﬁcity, mainly due to
antigenic cross-reactivity among ﬂavivirus members. Robust
diagnosis therefore needs to be validated through virus neutralisation tests (VNT) which are time-consuming and require BSL3
facilities. The ﬂavivirus envelope (E) glycoprotein ectodomain is
composed of three domains (D), e.g. DI, DII and DIII, with EDIII
containing virus-speciﬁc epitopes. In order to improve the serological differentiation of ﬂavivirus infections, the recombinant
soluble ectodomain of WNV E (WNV.sE) and EDIIIs (rEDIIIs) of
WNV, JEV and TBEV were synthesised using the Drosophila S2
expression system. Puriﬁed antigens were covalently bonded to
ﬂuorescent beads (ﬁgure 1). The microspheres coupled with
WNV.sE or rEDIIIs were assayed with about 300 equine immune
sera from natural and experimental ﬂavivirus infections and 172
non-immune equine sera as negative controls. rEDIII-coupled
microspheres captured speciﬁc antibodies against WNV, TBEV or
JEV in positive horse sera in a ﬂavivirus multiplex immunoassay
(MIA). MIA developed for the detection of ﬂavirus infection
showed a relative sensitivity and speciﬁcity close to 99% when
compared to ﬂavivirus competition ELISA. By comparison with
VNT, ﬂavivirus MIA correctly identiﬁed the causative ﬂavivirus in
100%, 96.8% and 90.0% WNV-, TBEV- and JEV-infected horses
respectively. Several advantages plead in favour of the development and implementation of this ﬂavivirus MIA in reference
laboratories: no need for BSL3 facilities to conﬁrm ﬂavivirus infections , requirement of small sampling volumes (1 ml) as well as
analysis speed-up (< 3hours).

Figure 1. Presentation of the ﬂavivirus MIA with four beads coupled to four
antigens (WNV.sE, WNV.EDIII, JEV.EDIII and TBEV.EDIII)
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Development of a Luminex Immunoassay for the
serological diagnosis of Vesicular Stomatitis (VS) and
Comparison with the Virus Neutralization Test (VNT)
A. Relmy 1, A. Romey 1, D. Toms 2, K. Gorna 1, S. Zientara 1,
S. Swenson 2, S. Blaise-Boisseau*1, L. Bakkali-Kassimi 1
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VS is a zoonotic viral disease affecting livestock. The causative agent, Vesicular Stomatitis virus (VSV), belongs to the
genus Vesiculovirus in Rhabdoviridae family. Two serotypes
have been described: New Jersey (NJ) and Indiana (IND), the
latter being subdivided into 3 subtypes (Indiana 1, 2, 3). In
cattle and pigs, VS remains clinically difﬁcult to differentiate
from foot and mouth disease (FMD) when horses are not
involved. A prompt laboratory differential diagnosis is thus
essential. Serological diagnosis is based on VNT, Complement
Fixation and ELISA. This study describes the development of a
rapid serological diagnostic test based on Luminex technology and its comparison with the VNT and Competitive ELISA
(C ELISA). The objective is to develop a multiplex Luminex
test allowing both serotyping and differential diagnosis of
VSV. The Luminex technology is based on the principle of
ﬂow cytometry and relies on the use of ﬂuorescent microspheres (“beads”) which can be coupled to biological macromolecules. A batch of beads was coupled to the envelope
glycoprotein of the VSV, serotype NJ (VSV-G-NJ), produced as
recombinant antigen using the baculovirus system and
harboring a C terminus tag MAT. The coupled beads were
incubated with positive equine sera and the antigen/antibody
complexes were revealed using biotinylated anti-species
antibody and streptavidin-phycoerythrin. Results were
analyzed on the Luminex200 platform. Median ﬂuorescence
intensity (MFI) values were measured and normalized. VNT
were conducted per the OIE manual for terrestrial animals,
using the alternative protocol (virus at 100 TCID50 /25 m L).
Efﬁciency of antigen/bead coupling was assessed using a
monoclonal antibody speciﬁc to the MAT tag. Speciﬁcity of
the coupling was veriﬁed using a panel of well characterized
positive bovine VSV-NJ- or VSV-IND sera. The protocol was
then optimized for equine sera. A prototype test was thus
developed, with a cut off value determined using a panel of
100 naive horse sera, in two independent experiments. This
prototype was evaluated on a panel of positive equine sera.
VNT was performed on the same panel. Results obtained
show a good correlation between Luminex, VNT and C ELISA
analyses. A ﬁrst step in developing a Luminex-based serological test for VS diagnostic was reached, using the VSV-G
protein-NJ. Similar work is underway using a recombinant
VSV-G-IND protein and a duplex test is under development.
Bead sets coupled to these VSV-G proteins may also be
combined to bead batches developed in our laboratory for
FMD serological diagnosis with the aim to offer a differential
diagnostic VS/FMD in cattle. The sensitivity and speciﬁcity of
these luminex prototypes will also be compared to those
obtained with the VNT reference method.

108
Development and evaluation of a molecular diagnostic
method to rapidly detect Histoplasma capsulatum var.
farciminosum (causing Epizootic Lymphangitis) in
equine clinical samples
C.E. Scantlebury 1, G.L. Pinchbeck 1, P. Loughnane 2, N. Aklilu 3, T.
Ashine 3, A.P. Stringer #, 4, L. Gordon 2, M. Marshall 2, R.M.
Christley 1, A.J. McCarthy 2
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Histoplasma capsulatum var. farciminosum (HCF), causing Epizootic Lymphangitis (EZL), is endemic in parts of Africa including,
Ethiopia, Senegal and Gambia. Despite its high prevalence, impact
on animal welfare and socio-economic importance, there is little
evidence upon which to build contextually relevant disease
control programmes. The performance and availability of diagnostic tests currently used by clinicians is problematic. Methods
such as pattern recognition of clinical signs and microscopy lack
sensitivity, and other options are either not commercially available or not readily feasible (e.g. culture). This is a signiﬁcant
barrier to further understanding this disease within endemic
countries. This study aimed to validate a nested PCR method to
conﬁrm the presence of HCF in equine clinical samples. Ethical
approval was obtained from the University of Liverpool and the
College of Veterinary Medicine and Agriculture. Twenty-nine
horses with suspected EZL were included from topographically
varied regions of Ethiopia. Clinical examination was recorded and
lesion locations drawn onto equine silhouettes. Blood samples
and aspirates of pus from unruptured cutaneous nodules were
obtained before treatment provided by SPANA. Blood and clinical
data were collected from a further 20 horses with no cutaneous
EZL lesions. Giemsa stained impression smears of pus and blood
were examined microscopically. Aliquots of heat-inactivated pus
and blood were inoculated onto Whatman FTA cards and imported to the UK with Defra approved licensing. A nested PCR
targeting the ITS region*, was used to identify samples containing
HCF, and all PCR products were sequenced. HCF was conﬁrmed in
FTA card pus samples from 24 horses, additionally, 23 blood
samples were positive from EZL suspected cases. The nested PCR
compared favourably over microscopic examination of pus, where
characteristic HCF yeast bodies were detected in only 14 of the 24
PCR positive samples examined. All nested PCR ampliﬁcation
products were conﬁrmed as Histoplasma spp. by sequencing.
Sequencing of cloned PCR amplicons suggested at least two subgroups of HCF based on single nucleotide polymorphisms. These
techniques allow the rapid diagnosis of HCF directly from equine
clinical samples and offer a useful epidemiological tool. The
identiﬁcation of HCF in blood raises questions about the pathogenesis of HCF in horses and warrants further investigation.
*Jiang, B. et. al. (2000) Journal of clinical microbiology 38 (1): 241245.
We gratefully acknowledge funding awarded by SPANA UK, the
SPANA Ethiopia team for assisting in sampling, and all participating horse-owners. Additional funds were awarded by the
Institute of Infection and Global Health, and an SFAM studentship.
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A novel molecular diagnostic tool for Equine Arteritis
Virus detection and characterization
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Equine arteritis virus (EAV) is a member of the Arteriviridae
family. EAV infects equidae and can persist in the reproductive
tract of stallions only. Stallions persistently infected shed the virus
in their semen and spread the virus in the horse population
during breeding. Moreover, infection may cause abortion in
pregnant mares and the death of young foals. OIE prescribes viral
isolation (VI) on cell culture to detect EAV for international trade.
However, a recent study showed that the real-time reverse
transcription-PCR (RT-qPCR) assay is as sensitive as VI for
detecting EAV in semen [1]. The main challenge to EAV surveillance is detecting EAV to prevent costly outbreaks, considering in
particular the limited number of viral nucleotides targeted, in
some samples. The aim of our study was to increase the sensitivity
of the OIE-recommended RT-qPCR method by combining it with
an unbiased ampliﬁcation method using the Phi29 polymerase
coupled to a high-density resequencing microarray (RMA) to
genotype the viruses detected. Sixty different samples were used
in this study. Of the 48 EAV-positive samples, 31 were from
semen, 12 were from virus isolation cell culture supernatants and
ﬁve were tissue samples from the lungs, spleen or liver of one
aborted foetus, three young foals and an adult. Our results
showed that isothermal ampliﬁcation polymerase signiﬁcantly
increased the ratio of ampliﬁcation from a factor ranging from 102
to 107 compared to the OIE-recommended RT-qPCR method [2].
To genotype the viruses detected, we combined the unbiased
ampliﬁcation of nucleic acids with a RMA. The two EAV sequences
tiled on the microarray cover a region located in ORF 1 coding for
the non-structural protein 9. Surprisingly, the phylogenic tree
obtained with the nsp 9 nucleotide sequences retrieved from the
microarray was able to separate strains into the NA and EU groups
and divided the EU group into subgroups EU-1 and EU-2 [2]. In
conclusion, this method can be recommended for the detection of
EAV in semen and aborted foetuses, especially when viral load is
very low. In addition, this study conﬁrmed and validated the
usefulness of the high-density resequencing DNA microarray for
both the diagnosis of equine viral diseases and the genotyping of
RNA viruses such as equine arteritis virus.

1. Miszczak, F., et al., Evaluation of two magnetic-beadbased viral nucleic acid puriﬁcation kits and three realtime reverse transcription-PCR reagent systems in two
TaqMan assays for equine arteritis virus detection in
semen. J Clin Microbiol, 2011. 49(10): p. 3694-6.
2. Hans, A., et al., Combination of an unbiased ampliﬁcation method and a resequencing microarray for
detecting and genotyping equine arteritis virus. J Clin
Microbiol, 2015. 53(1): p. 287-91.
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Preliminary results on the inclusion of PCR for the
diagnosis of equine piroplasmosis (EP)
 Del Pino 1, 2, A.
M.T. Scicluna 1, R. Nardini 1, L.E. Bartolome
Cersini 1, G. Manna 1, G.L. Autorino 1
1
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University of Madrid, Spain
EP is a tick-borne infection, caused by T. equi and B. caballi.
Affected animal presents non-speciﬁc signs while introduction of
the infection in free areas is due to the movement of inapparent
carriers. Laboratory diagnosis of EP is generally requested for the
conﬁrmation of clinical suspects and sanitary certiﬁcation of animals for trade. OIE-prescribed tests are serological methods i.e.
ELISA and indirect immunoﬂuorescence (IFAT). Even practitioners
mostly request only serological tests for conﬁrmation of suspect
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cases. In a previous study, real-time (RT) PCRs for each parasite,
targeting the rRNA 18s gene (1, 2), were adopted for their optimal
performance. This study presents and discusses the results of the
use of RT-PCRs in conjunction with ELISA (VMRD, USA) and IFAT
(Fuller Laboratories, USA) that were used to analyse 274 horse
sera. For comparison of results, PCR was used as reference method
since sequencing of derived amplicons conﬁrmed them as speciﬁc. The B. caballi RT-PCR detected 14 positive samples, none
conﬁrmed in ELISA, while the IFAT had a sensitivity (Se) of 50% (7/
14) and a speciﬁcity (Sp) of 87.7 % (228/260). The T. equi detected
137 positive samples with the ELISA showing a Se of 67.2% (92/
137) and an Sp of 83.2% (114/137) and the IFAT, a Se of 86.1% (118/
137) and an Sp of 81% (111/137). For both parasites, the IFAT
presented a limited major sensitivity when compared to the
ELISA. Results for B. caballi are preliminary as number of samples
recruited is limited. In particular, for T. equi the serological tests
showed a high agreement and a relatively high speciﬁcity. An
initial evaluation of the correlation between the PCR result and
clinical status of the animal was carried out deﬁning as cases
those presenting an EP acute form based on temperature >38 C
and at least one of the following signs, jaundice, anaemia, and
petechial haemorrhages together with a PCR positive result. Of
the PCR positive horses for B. caballi and T. equi, only 28.7% and
19.7% respectively were deﬁned as cases, possibly due to parasite
persistence beyond the acute form. Seropositve results of PCR
negative samples could be due to sterilization of infected horses,
occurring spontaneously or following treatment with a longer
persistence of antibodies as usually occurs in most infections. An
additional value of the use of quantitative PCR is that treatment
efﬁcacy may be monitored especially in view of the side effects
this possess. This study demonstrates that the simultaneous use
of PCR with serological tests increases the diagnostic probability
to deﬁne the sanitary state for EP for the purposes stated above
and underlines the need for revision of the prescribed diagnostic
tests for trade that should include more sensitive methods.

References
1. Bhoora R, et al. Vet Parasitol 2010;168:201-211.
2. Kim C, et al. Vet Parasitol 2008;151:158-163.
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Validation of alphavirus chimeras for diagnosis of
Eastern and Venezuelan equine encephalitis
T.L. Sturgill Samayoa*, C.D. Brotherson, K.R. Lake, E.N. Ostlund
USDA, APHIS, VS, STAS, National Veterinary Services Laboratories,
National Centers for Animal Health, Ames, IA 50010
Eastern and Venezuelan equine encephalitis cause signiﬁcant
disease in both horses and humans.
Effective equine diagnostics (passive surveillance of cases with
compatible clinical syndromes) can serve as advance warning for
human illnesses. In Central and South America, there are serious
difﬁculties in obtaining quality reagents for EEE and VEE diagnostics (per Dr. Alfonso Clavijo, Pan American Health Organization (PAHO), personal communication). Utilizing the genome of
Sindbis virus (SINV), a relatively nonpathogenic human alphavirus, as a vector, a chimeric SIND/VEE virus expressing all of the
structural proteins of the VEE TC-83 vaccine strain has been
developed (Paessler 2003, Wang 2007). The nonstructural protein
genes and cis-acting RNA genome elements from wild-type SINV
strain AR339, and the structural protein genes from either North
American EEEV strain FL93- 939, or from the naturally murineattenuated SA strain BeAr436087, are included in the SIND/EEE
chimeras. In collaboration with PAHO, MIDA, and the Instituto
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GORGAS, the National Veterinary Services Laboratories have acquired these Sindbis/Alphavirus chimeras from Dr. Scott Weaver
of the University of Texas Medical Branch to validate proposed
diagnostic assays. Validation of diagnostic tests that can be performed at biosafety level-2 will be beneﬁcial for use in both the
United States and in other countries. Chimeric virus propagation
was performed. Direct comparison of the SIND/EEE chimera to
wild-type EEE virus was performed using OIE approved protocols
for EEE IgM Enzyme-linked Immunosorbent Assay (ELISA) and
Plaque Reduction Neutralization Test (PRNT). Testing was performed utilizing sera from naturally infected horses, determined
to be positive by previous diagnostic testing. With the goal of
developing inexpensive, easily performed diagnostics, the chimeras were tested without inactivation, using the methods previously mentioned. Antigen at a 1:10 dilution provided
consistently valid results with varying concentrations of both
conjugate and serum. Additional testing of inactivated chimeras
will also be performed. In addition to the increased safety to
humans who are conducting the diagnostic testing, proposed use
of chimeric strains in diagnostics will improve the ability of North,
South and Central American laboratories to easily and inexpensively detect infection in animals, thereby leading to improved
prevention of infection in both humans and other equids.

References
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Weaver SC, Frolov I. (2003) Recombinant sindbis/Venezuelan equine encephalitis virus is highly attenuated
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Development of a real-time PCR assay for quantiﬁcation
of equine herpesvirus 5 (EHV-5) and studying EHV-5
pathogenesis
L.M. Zarski, E.A. High, R.K. Nelli, S.R. Bolin, K. Williams, G Soboll
Hussey*
Dpt. Pathobiology and Diagnostic Investigation, Michigan State
University, East Lansing, MI, USA
Equine herpesvirus 5 (EHV-5) infection has recently been associated with equine multinodular pulmonary ﬁbrosis in horses. To
more completely understand EHV-5 pathogenesis and determine
viral and host contributions, further in vivo and in vitro studies are
needed. However, current techniques are unable to rapidly, speciﬁcally, and quantitatively characterize EHV-5 infection. The aim
of this project was to develop a TaqMan real-time PCR assay to
quantify EHV-5 in clinical and cell culture samples, and use this
test to describe viral replication over time in primary equine
respiratory epithelial cells (EREC)s. Primers and a probe were
designed to target gene E11 of EHV-5 for TaqMan real-time PCR.
Speciﬁcity was veriﬁed by testing multiple isolates of EHV-5, as
well as DNA from other equine herpesviruses. A plasmid containing the target DNA was generated to create a standard curve
and quantify viral copy number. TaqMan real-time PCR was performed on DNA isolated from clinical samples. In addition, ERECs
were inoculated with EHV-5, and cells and supernatants were
collected daily for 12 days following inoculation and TaqMan realtime PCR was performed to asses EHV-5 infection and replication.
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The developed TaqMan real-time PCR assay for EHV-5 detected
and quantiﬁed multiple currently circulating isolates of EHV-5,
while not detecting DNA from other equine herpesviruses,
including equine herpesvirus 2, a close homolog of EHV-5. Using
TaqMan real-time PCR, we were also able to quantify viral copy
number in EHV-5 inoculated ERECs over time and show signiﬁcantly increased viral copies on days 5 and 6 post-inoculation that
declined sharply by day 12 post-inoculation. Quantiﬁcation was
not possible using conventional PCR. In conclusion, the developed
TaqMan real-time PCR assay is a rapid, speciﬁc, and sensitive test
that can be used to more accurately describe initial events
following EHV-5 infection and begin to understand viral pathogenesis and establishment of latency. Furthermore, this assay will
be useful in future in vivo investigations to study the epidemiology and pathogenesis of EHV-5 in its host.
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Taylorella equigenitalis is the causative agent of contagious
equine metritis (CEM). This venereal disease often originates
from a symptomless carrier and can spread rapidly in mares and
stallions. Isolation and identiﬁcation of T. equigenitalis is difﬁcult
due to a low growth rate, speciﬁc culture requirement and
limited differentiation from Taylorella asinigenitalis. Differentiation of Taylorella species is essential as only T. equigenitalis has
been demonstrate to infect horses. Recovery of two others organisms implicated in equine metritis, Klebsiella pneumoniae and
Pseudomonas aeruginosa is also important. Rapid information
about the bacterial load measured by PCR method could be a
valuable tool for diagnosis and management of metritis. Most
PCR-based diagnostics are still considered time-consuming due
to disparate puriﬁcation, ampliﬁcation, and detection steps. Our
objective was to signiﬁcantly reduce sample preparation and
assay time. We have develop and evaluate a detection method
including a rapid preparation of the sample combined to two
real-time PCR assays for the detection of T. equigenitalis and T.
asinigenitalis in one hand, and K. pneumoniae and P. aeruginosa
in the other hand. Each PCR targets a gene speciﬁc for each
pathogen and contains an exogenous internal control. The validation of these two assays followed the AFNOR guideline NF
U47-600. 1) The analytical speciﬁcity, sensitivity and limit of
detection (LODPCR) were deﬁned for each real time PCR assays.
The analytical speciﬁcity of the PCR test was assessed on 99
different species that could be recovered from clinical samples
as well as 24 strains of T. equigenitalis, 14 of T. asinigenitalis, 33 of
K. pneumoniae and 16 of P. aeruginosa. LODPCR was determined
to be 5 genome equivalent (GE)/PCR reaction for T. equigenitalis
and 20 GE/PCR reaction for the others pathogens. 2) The whole
analytical process, from the lysis of the sample to the PCR
analysis, was characterised. Whole analytical process simply
consists in lysis of Amies charcoal swab emulsion directly analysed by PCR. LODMethod was determined as 100 and 7500 UFC/
mL according to the pathogen. Diagnostic sensitivity and speciﬁcity of our solution are estimated from 500 Amies charcoal
swabs received directly from the ﬁeld. CEM organisms status

were deﬁned by culture which is gold standard method. The
sensitivity of the overall method is 100% and the speciﬁcity is
greater than 92%. In conclusion, by eliminating sample puriﬁcation before PCR analysis, we can provide a simple-to-use
method for the detection of pathogens implicated in equine
metritis and an alternative to culture during the breeding
season.
*AFNOR NF U47-600 norm: Requirements and recommendations
for the implementation, the development and the validation of
veterinary PCR for animal health analysis methods.
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Dual antigen ELISA to differentiate infection from
vaccine antibody responses to Leptospira spp.
S. Velineni*, J.F. Timoney
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KY, 40546
Research in our laboratory and elsewhere has identiﬁed a
number of strongly immunogenic proteins of Leptospira interrogans serovar Pomona type kennewicki (Lk) that are up-regulated in infected horses but are undetectable or expressed only
in trace amounts on cultured organisms. Examples of these
proteins are Sph2 (Lk73.5), LigA and its truncate Lk90, Hsp15
and LipL45 (Qlp42). In contrast, the immunogenic LipL32 is
expressed abundantly on cultured L. interrogans serovar
Pomona type kennewicki and other serovars and elicits serum
antibody response in infected horses. Horses vaccinated with
heat-killed cultures of serovar Pomona type kennewicki would
therefore be predicted to make serum antibody responses to
LipL32 and Lk sonicate, but not to Sph2, LigA/Lk90, Hsp15 and
LipL45. The aim of this study was to develop an ELISA based on
LipL32 or Lk sonicate and one or more of the host-induced
proteins with value in differentiating vaccine serum antibody
responses from those induced by infection. Recombinant Sph2,
LigA, Lk90, Hsp15, LipL45 and LipL32 proteins of L. interrogans
serovar Pomona type kennewicki were expressed and puriﬁed
and antibody levels (IgG) speciﬁc for these proteins were
assayed in sera from horses (a) before and after immunization
with killed vaccine + adjuvant and b) infected naturally with L.
interrogans serovar Pomona type kennewicki. Sera diluted 1:200
were assayed in triplicate using optimum concentrations of recombinant proteins. Bound IgG was detected using HRP-Protein
G conjugate. Based on antibody responses of horses, reactive
proteins formed 3 groups, group 1 (Sph2, Lk90 and LigA) that
reacted strongly with convalescent sera but not with pre and
post vaccine sera; group 2 (LipL45 and Hsp15) that reacted
moderately with convalescent sera and at very low reactivity
with pre and post vaccine sera and group 3 (Lk sonicate and
LipL32) that reacted strongly with convalescent as well as post
vaccine sera but unreactive with pre vaccine sera. Antibodies to
Group 1 proteins were signiﬁcantly higher (p  0.01) in
convalescent sera than in pre and post vaccine sera. The
experimental vaccine based on L. kennewicki cultured in vitro
theoretically lacks expression of the host-induced proteins Sph2,
LigA and its truncate Lk90, LipL45 and Hsp15. As expected,
vaccine sera failed to react with these proteins. Signiﬁcantly
higher levels of antibody against constitutively expressed LipL32
and Lk sonicate in post vaccine sera as compared to pre vaccine
sera indicate horses responded well to the experimental vaccine.
A dual antigen ELISA based on Lk sonicate or LipL32 combined
with host-induced Sph2 and Lk90 proteins will be valuable in
differentiating responses of infected from vaccinated animals
(DIVA). However, differentiation of horses with recent previous
exposure to Leptospira that are subsequently vaccinated may
not be possible.
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Although Equine Infectious Anemia (EIA) is endemic in the
northern area of Argentina, its epidemiological situation varies
along the extent of the country, with a low prevalence in the
central region and free-status in Patagonia (southern region).
Argentinian legislation imposes the immediate euthanasia of
horses detected as positive by agar gel immunodiffusion test
(AGID). This report describes the consequences of EIA virus
infection in a farm dedicated to the production of crossbreeding
horses (Criollo, Arabian and Quarter horse) located in Baradero,
150 km northwest of Buenos Aires. This horse population (n: 124)
had not been tested for EIA in the last 3 years, and there was no
EIA control on animals admitted into the farm. The observation
that motivates the EIA screening was the death, with no attributable causes, of 10 horses during last year. On March 21st 2015,
the adult population of horses was tested for EIA by AGID.
Twenty-four out of 109 (22%) horses were found positive. The
Animal Health Authorities (SENASA) were notiﬁed and these
animals were immediately euthanized, and the farm quarantined.
After this, three additional AGID tests were conducted on adult
horses, and other three on the whole population (including foals
at foot). The obtained results are shown in the following table.

Horses tested
AGID Positives
Prevalence
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Identiﬁcation
of
Equine
arteritis
virus
immunodominant B cell epitopes using a peptide
microarray
J. Mayers, D. Westcott, F. Steinbach*
Virology Department, Animal and
Weybridge, Surrey, UK
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Equine arteritis virus (EAV) is the causative agent of equine viral
arteritis (EVA), a respiratory and reproductive disease of equids.
Affected adult horses make a complete recovery, but a percentage
of infected stallions may become long-term carriers. The genome
of EAV has a length of 12.7kb and contains seven open reading
frames (ORFs). ORFs 1a and 1b represent seventy-ﬁve percent of
the viral genome and code for replicase and polymerase activities.
ORFs 2-7 are nested and code for the structural proteins of the
virus. EAV is widely distributed in equine populations around the
world and although there is only one serotype for EAV, considerable variation exists between ﬁeld strains. At present, the serum
neutralisation test (SNT) is the principal serological assay used to
detect EAV, but the SNT is expensive and time consuming to
perform. Additionally, several laboratories have reported problems relating to serum cytotoxicity in lower serum dilutions. To
overcome these limitations, considerable efforts have been undertaken to develop an ELISA, but with limited success so far. The
antibody response of an individual horse differs depends on its
host MHC (ELA) genotype, the EAV strain, and the duration/type of
infection. A peptide microarray was developed using the
commercially available PEPperCHIP® microarray platform to
identify immunodominant B cell (antibody) epitopes of EAV. The
whole EAV strain Bucyrus amino acid sequence was transformed
into a total of 625 peptide overlapping peptides that were syn-
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May 15th

June 23rd

July 30th

August 28th

Adults
109
24
22%

83
20
24%

67
5
7%

68
3
4%

Adults and foals at foot
83
82
1
0
1%
0%

As result of EIA infection, 53 horses in all (43% of total population)
had to be euthanized. The 29 horses which tested positive during
the six-month period of additional testing either contracted the
infection during this period or had been already infected when
introduced into the farm. The inappropriate handling, with horses
being either ignored in one of the tests or introduced into the
farm during quarantine (shown by the incongruity in the number
of horses tested in each occasion), could be the reason for the long
time taken to control the infection. Even though all horses
resulted negative in the last two tests, the farm still remains
quarantined; another control 60 days after, with negative results,
is required. The present work illustrates the devastating consequences of EIA infection, as it has brought along important economic losses for the owner, due both to the loss of positive EIA
horses, which have been euthanized, as to the restrictions for the
movement and sales of horses from this breeding farm. Moreover,
this report emphasizes the importance of promoting EIA surveillance in the area considered as “low prevalence”, considering
this area is where the most valuable horses are bred in Argentina.
It is also necessary to raise awareness that it is mandatory to
strictly comply with legislation when dealing with EIA infection,
which implies control of all horses (even foals on foot) in the
facility at the same time and prohibition of entry/exit of new individuals if untested.

Plant

September 17th

October 5th
82
0
0%

thesized and spotted in duplicate onto a microarray slide. A panel
of 28 ﬁeld samples representing a selection of sera generated
against a variety of known EAV genotypes was tested using the
microarray. Of the 625 peptides, 97 peptides (15.52%) showed
reactivity with the EAV positive samples. No single peptide was
detected by all the positive serum samples. Seven peptides
repeatedly showed reactivity above the cut-off and were considered to have diagnostic potential. Five of these peptides were
within the immunodominant GP5 protein and two within the
replicase polyprotein region NSP2 and NSP10 located in ORF1.
Based on the results obtained in this study, a peptide ELISA offers a
promising approach as an alternative to the SNT for the detection
of antibodies to EAV. Further development and optimization is
required to determine if the peptide candidates identiﬁed through
this study offer the sensitivity and speciﬁcity required for the
diagnosis of EAV.
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Uppsala, Sweden
Strangles, a very contagious disease, is caused by Streptococcus
equi subsp. equi (S equi). The aim was to study if asymptomatic
horses carrying S. equi in their guttural pouches could be identiﬁed by serology. Thirty-seven horses from 5 farms that showed
positive results for S equi by real-time PCR [1-2] in samples from
their guttural pouches once (n¼18) or several times (n¼19) after
the clinical signs of strangles had subsided were included,
resulting in 66 sampling occasions. The time to samplings was 123 months from the start of an acute outbreak in their stable (50
samples) or entering a stable with known carriers of S equi (16
samples). Serum antibodies against antigens A and C from S. equi
was examined by iELISA with a cutoff of OD >0.5 (Dr Andrew
Waller, Animal Health Trust, Newmarket [3]). The results showed
that at the recommended cut-off of OD 0.50, 10 horses were
positive to both antigen A and C included in the test, 13 horses
only to antigen A, 17 horses only to antigen C and 26 horses were
seronegative. The sensitivity for the iELISA to detect guttural
pouch carriers of S equi was 61% with a cut-off of OD 0.50, and 73%
with a cut-off of OD 0.30. Interestingly, some horses went to
become carriers without passing a stage of overt clinical disease.
In conclusion, serology may be of help to identify asymptomatic
carriers when using a cut-off value of OD >0.3.
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Serological survey of some major equine viral diseases
in the Eastern Caribbean
P. Bolfa*1, I. Jeon 1, D. Wilson 1, B. Thomas 1, A. Loftis 1, T. Leslie 2, S.
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There is a relative dearth of sound data on the prevalence of major
equine infectious diseases in the Caribbean Basin. To begin to
address this, we analyzed banked serums from 180 equines (40
donkeys and 140 horses), mean age 6.3 years collected between
2006 and 2015. Samples originated from 3 different islands in the
Leeward group (St Kitts, Nevis and Sint Eustatius) and were tested
for antibodies against several equine viral diseases notiﬁable to
the World Organization for Animal Health in licensed and

commercially available ELISA test kits. Kits for the detection of
antibodies against Equine Infectious Anemia (EIA), Equine Arteritis (EA), Equine Inﬂuenza (EI), Equine Herpes Virus (EHV) 1 and 4,
and West Nile (WNV) were used. All samples were EIA testnegative. Only 1 animal (0.57%) a donkey, female, 4 years old from
Sint Eustatius was positive for EAV. A total of 49 equines (27%) of
which 1 donkey and 48 horses, mean age 7.5 years were positive
for Equine Inﬂuenza. A total of 39 equines (24%) including 4
donkeys and 35 horses, mean age 6.7 years were positive for
EHV1. For EHV4, serological testing revealed a total of 138 positives equines (83%) of which 18 donkeys and 120 horses, mean
age 6.3 years. A total of 32 equines (18%) of which 6 donkeys and
26 horses, mean age 6.5 years were positive for WNV. The immunization history of most horses was not available to us, but we
suspect some of the racing horses may have been immunized
against EI and EHV. Donkeys as well as some horses previously
used for teaching purposes had no history of vaccination for any
of the tested diseases. Prevalence for both EHV1 and EHV4 was
similar to previous reports from other parts of the world, conﬁrming the presence of these 2 viruses in equines around the
world. There is no ofﬁcial report of WNV in humans in the tested
islands; however, other ﬂaviviruses such as Dengue have been
reported and several mosquito species known as vectors for WNV
as well as migratory birds that travel between North America and
the Caribbean are known to be present in the areas from where
the samples were collected. Taken together, this study documents
serologic evidence of several major equine viral diseases in the
area of Eastern Caribbean. Further studies are needed to deﬁne
the presence and rates of transmission, to characterize local virus
strains, and to study their impact on these populations.
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We hypothesized guttural pouch sampling would be more sensitive than the nasopharynx to identify carriers of Streptococcus
equi (S. equi) and that the eqbE LAMP assay would be more sensitive than real time SeeI polymerase chain reaction (PCR). Three
samples were collected from each horse previously infected with
S. equi: nasopharyngeal ﬂocked nylon swab (NPFS), nasopharyngeal wash (NPW), and endoscopically-guided guttural pouch
lavage (GPL). The following tests were performed: NPFS LAMP
assay for S. equi, NPW LAMP assay for S. equi, GPL (split into 3
aliquots: S. equi culture, SeeI PCR, LAMP assay). Logistic regression
and area under the receiver-operator curve were performed using
STATA 13. P-values  0.05 were considered signiﬁcant. 1/41 NPFS,
6/38 NPW and 24/44 GPL samples were positive by eqbE LAMP
from 44 S. equi convalescent horses. 18/44 GPL were positive with
seeI PCR. S. equi was isolated from 4/44 GPL samples. GPL was the
best sample to detect carriers compared to NPFS (OR 48.0,
P<0.001) and NPFS (OR 6.4, P¼0.001). Sensitivity and speciﬁcity
of eqbE LAMP GPL samples when compared to the presence of
guttural pouch empyema were 92% and 61%: ROC¼0.80, 70% were
correctly classiﬁed. Sensitivity and speciﬁcity of SeeI PCR GPL
samples was 92% and 80: ROC¼0.92, 84% correctly classiﬁed.
Sensitivity and speciﬁcity of GPL eqbE LAMP was 83% and 65%
compared to GPL seeI PCR: ROC¼70, 73% correctly classiﬁed. Our
study demonstrates that GPL should be used to detect S. equi
carriers and LAMP PCR was comparable to SeeI PCR.
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Efﬁcient control of equine infectious anemia carriers by
a concerted use of a modiﬁed indirect enzyme-linked
immunosorbent
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Equine infectious anemia (EIA) is caused by a persistent lentivirus
infection. Infected horses are lifelong reservoirs for vector mediated or iatrogenic transmission of EIA virus (EIAV). No vaccine is
currently available or likely to become so. Therefore control of
new cases depends upon the time honored strategy of serological
identiﬁcation of carriers and their disposition by quarantine and
or slaughter. In the United States EIA prevalence has declined
from 4% in 1972 when the control program began to its current
prevalence of approximately 0.001%. The agar gel immunodiffusion (AGID) test has been the regulatory test since EIAV control
program began 43 years ago. This 4,000 fold reduction in prevalence underscores the effectiveness of the AGID test but it has a
couple of drawbacks: it requires 48 hours to read and is not as
sensitive as newer serological tests. Alert clinicians, regulators
and horse owners seek to implement and facilitate better management of outbreaks, pre purchase evaluations and import/
export requirements. To address the need for a faster and more
sensitive assay we carried out this study to compare a USDAlicensed AGID test kit with a USDA-licensed modiﬁed indirect
ELISA (MI-ELISA) kit. The serum sample from an EIAV carrier
horse was serially diluted and used to determine the analytical
sensitivity of each assay: the MI-ELISA was 4-fold more sensitive.
A Center for Veterinary Biologics proﬁciency panel (validated by
AGID test) of 20 samples was tested: there was 100% concordance
between the two assays. Analytical time point samples from 6
experimentally infected horses were collect over a period 4
months (n¼100): analytical sensitivity of experimentally infected
horses was comparable for the two assays. The two assays were
used to test known weak positive samples collected from nine
carrier horses: the AGID test detected only two but the MI-ELISA
detected all nine (Table). Due to the speed (45 minutes) and
signiﬁcantly greater sensitivity of the MI-ELISA reﬂected in the
results of this study, screening of routine samples with it and

Samples

QC lot EIA
P070507003
P110201-007
Reference W+
M+ lot EIA
S #1
S #2
Princette Moon
Todd
ELISA Positive Control
ELISA Negative
Control
AGID Positive Control
AGID Negative
Control
NA: not available

MI-ELISA
Mean Optical
density
(450 nm) and
result (+/-)

Visual
reading

0.128
0.174
0.186
0.222
0.235
0.25
0.3
0.673
0.943
0.131
0.05

+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
-

S15

conﬁrmation of positives by the regulatory assay, AGID test,
would serve the needs of the equine industry for better and more
rapid risk management.
Comparison between the modiﬁed indirect enzyme-linked
immunosorbent assay (MI-ELISA) and agar gel immunodiffusion
(AGID) test in the sensitivity against the sera from weak EIA
positive carriers
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contagious equine metritis in France
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Equine infectious anaemia (EIA), equine viral arteritis (EVA) and
contagious equine metritis (CEM) are three major endemic equine
infectious diseases in France, although only a few cases have been
detected over the last ten years in the country. In view of the
serious economic impact of these diseases, three surveillance
systems have been implemented to monitor them. Each system is
dedicated to one disease and comprises various active and passive
surveillance components. The surveillance systems are implemented separately even if they are based on similar components.
This lack of synergy may prevent optimal surveillance. Our
objective was to assess these surveillance systems and to compare
the results of the assessments in order to propose improvements,
including future synergies. We used the semi-quantitative OASIS
method1, already used to assess animal diseases and food safety
surveillance networks in different countries. We have identiﬁed
mutual strengths, including laboratories’ efﬁcacy, surveillance
tools and data collection. Contrarily, the current absence of central
institutional organizations, the poor data management and data
analysis were the main weaknesses of all systems (Figure 1).
Furthermore, the comparative assessment has highlighted many

AGID
test

W+
W+
NA
NA
+
-

Figure 1. Assessment of ten functional sections of the French EIA, EVA and
CEM surveillance systems using the OASIS method (the level of satisfaction
for each section is displayed as a percentage score).
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possible synergies that could improve the effectiveness and efﬁciency of surveillance as a whole, including the implementation of
new joint tools or the pooling of existing teams, tools or skills,
especially in relation with information distribution, data management and outbreaks investigation. Assessing surveillance systems for animal diseases is necessary to ensure they meet their
objectives and provide high-quality health information. OASIS is a
standardized tool which facilitates comparison and readily highlights the individual strengths of each component as opportunities
that could be extended to other components. This research has
used the “OASIS Flash” method, which reduces the time required
for the collection of information about the surveillance systems’
operations and structure, compared with classical OASIS method.
Our study is an original application of OASIS because several systems were evaluated simultaneously and compared. This approach
requires minimal ﬁnancial resources and is not very timeconsuming. Such a comparative evaluation could conceivably be
applied to other surveillance systems, other industries and other
countries. This approach would be especially relevant to enhance
the efﬁciency of surveillance activities when resources are limited.

1 Hendrikx, P., Gay, E., Chazel, M., Moutou, F., Danan, C.,
Richomme, C., Boue, F., Souillard, R., Gauchard, F.,
Dufour, B., 2011. OASIS: an assessment tool of epidemiological surveillance systems in animal health and
food safety. Epidemiol. Infect. 139, 1486-1496.
044
OIE-Project-Validation study of a western blot
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glanders in equids for the purpose of certifying
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The Complement Fixation test (CFT) is the prescribed sero-diagnostic method for glanders for international trade. However, its
sensitivity and speciﬁcity has been questioned. False-negative
glanders test results may lead to the introduction of the infectious
agent into a glanders free-region and false-positive test results
may lead to unnecessary restrictions on international trade of

animals and result in ﬁnancial losses for owners and the equine
industry. CFT alternative methods such as Western blot (WB) and
ELISAs have been developed but have not been fully validated to
date according to the principles and methods of validation of
diagnostic assays for infectious diseases. This project is funded by
OIE and aims the further development and ﬁnalization of validation of alternative methods like indirect ELISA including recombinant ELISA already developed in several laboratories
worldwide. The WB technique developed by the OIE-reference
laboratory, Germany, has given promising results during the last
years using the CFT and the WB in a two-cascade testing approach
[1, 2]. The iELISAs developed by the project partners EU Reference
Laboratory for Equine diseases, France and the Universidade
Federal Rural de Pernambuco, Departamento de Medicina Vetria, Brazil using semi-puriﬁed B. mallei antigenic fractions as
erina
well as the recombinant ELISA developed by the National
Research Centre on Equines, Hisar, India gave encouraging results
[3, 4].
The project is sub-divided into work packages (WP). WP1‘Constitution of a qualiﬁed sample collection’ of “true positive”
and “true negative”. Special attention will be given to the inclusion of ﬁeld samples from endemic countries like Brazil, India and
Pakistan. WP2- ‘Producing standard sera for glanders’. Serum
from glandered animals identiﬁed in WP1 will be collected to
produce a large stock of positive sera as possibly international
standard for glanders serodiagnosis. These sera will be available
for the whole community as standard control reagents and will be
included in the panel of sera for the validation pathway (WP3).
WP3- ‘Serological tests validation following OIE validation
pathway’. Performance of tests to be evaluated will be investigated in parallel using sera collected in WP1. The validation will
include the analytical performance characteristics; repeatability,
analytical speciﬁcity including exclusivity and exclusivity. All tests
will be validated and compared regarding sensitivity using the
same panel of true positive samples. The test speciﬁcity is the
most discussed issue in glanders serological diagnosis. However,
the sample collection for the validation will include negative
samples from different regions. For example our partners from
Pakistan (University of Agriculture, Fasialabad) and Brazil
(Reference laboratory for Glanders, Recife) will contribute by
providing large sample collections.
Finally, for all tests the positive and negative predictive values
should be calculable based on actual prevalence situation in the
involved region, and allow to select the right test for the
respective situation, as there are eradication scenarios, surveillance after being free of glanders, or for trade of animals. To
contribute to the availability of the tests upon validation, companies will be encouraged to commercialize the ELISA and also
transform the technology into a faster ﬂow through assay (WP4).
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Equine viral arteritis (EVA) is a cause of abortion and neonatal
deaths. In France, surveillance of EVA is based mostly on serological testing of all or part of the breeding horses, depending on
the studbooks’ regulations. Hence, EVA incidence is not precisely
known in the overall breeding population. The ﬁrst objective of
this study was to estimate the number of EVA cases and outbreaks detected by the equine breeding stock surveillance between 2006 and 2013 in France, by establishing suitable rules for
identiﬁcation of seroconversion. The second objective was to
assess the surveillance sensitivity, after having estimated the
total number of outbreaks that occurred in breeding stock during
this period using a capture-recapture model. Data from breeding
mares which exhibited at least one positive result in serology
using viral neutralization test between 2006 and 2013 were used
for analysis (n¼1,645). Data consisted of the annual antibody
titers and the location of the mares (towns). Seroconversion was
deﬁned as a change in antibody titer from negative to at least 32
or a three-fold increase. The number of seroconversions was
counted for each town and modeled using an unilist zero-truncated binomial (ZTB) capture-recapture model with R software.
The binomial denominator was the number of horses tested in
each infected town. From 2006 to 2013, 239 cases of seroconversion located in 177 towns (outbreaks) were identiﬁed. During
this period, the number of outbreaks in breeding stock was
estimated at 1,482 (CI95% 1,257-1,815) using the ZTB model.
Consequently, it is estimated that over 1,000 outbreaks were not
detected and the surveillance sensitivity at the town level was
estimated around 12% (CI95% 10%-14%). This study revealed a
signiﬁcant number of outbreaks in breeding stock. However, the
surveillance sensitivity seems underestimated, especially due to
lack of details related to the holdings, such as the number of at
risk contacts or their precise address (the holdings list was not
available and several holdings may be located within the same
town). Nevertheless, the sensitivity could certainly be improved
by including more breeding horses in the active surveillance.
This study is the ﬁrst in France to estimate the EVA incidence in
breeding stock and to assess quantitatively the surveillance
sensitivity. Moreover, the rules for identiﬁcation of seroconversion deﬁned in this study may be used to analyze other EVA
surveillance datasets based on serology, such as testing before
sales or international trade, and even compulsory or voluntary
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passive surveillance. Such rules, adjusted to the local environment, could conceivably be applied in other countries with EVA
surveillance programs.

085
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Equinella (www.equinella.ch) is a Swiss voluntary veterinary
reporting system for equine infectious diseases ﬁrst established in
1990. It focuses on equine diseases not notiﬁable by Swiss law. In
2012, an evaluation of the old paper-based system showed that it
was not representative anymore(1). Based on the ﬁndings from a
survey, a new electronic reporting system was developed as a
collaboration between the Federal Food Safety and Veterinary
Ofﬁce, stakeholders from research (Vetsuisse Faculty, Bern) and
the Swiss Association of Equine Practitioners. The new Equinella
is based on a user-friendly web-based platform (functional since
November 2013) and allows registered veterinarians to report
symptoms and equine diseases either using computers or
portable devices. Participants beneﬁt from various non-monetary
incentives: access to a table and interactive map of all incoming,
anonymized reports, a monthly newsletter and a mobile phone
text message service to alarm them in case of an outbreak.
Furthermore, they can contact and draw from the expertise of the
Equinella specialists team and attend one free professional
development course per year. Outdoor smartphones were provided to those interested. To facilitate and standardize data
collection veterinarians can choose clinical symptoms or diseases
from pre-deﬁned checklists. Data on the equid and the holding
are collected (no unique identiﬁers required to preserve anonymity). Additional information can be entered in a free text box
and pictures can be uploaded. A reminder email is automatically
sent to all registered veterinarians (n¼ 77, 31.08.2015) once a
month. Recipients can then either conﬁrm that they had no
clinical observations of relevance to Equinella in their practice in
the previous month or report their observations retrospectively.
The monthly proportion of veterinarians that either submitted a
report or conﬁrmed not having observed any relevant cases varied between 41.6% and 87.2% (median ¼ 71.4%). A total of 262
reports were submitted (November 2013 - August 2015; median
cases per month: 8 (min¼2, max¼48)): 82 (31.3%) included only
symptoms, 40 (15.3%) only diseases and 140 (53.4%) had both.
EHV-1 and Strangles were most frequently diagnosed (clinical
and/or laboratory diagnosis), whereas fever of unknown origin
was the most frequently reported symptom. Equinella currently
covers 50% of the Swiss equine population. Near real-time analysis of the Equinella data beneﬁt the early detection of new, exotic
and re-emerging equine diseases; thereby allowing appropriate
measures in a timely manner for the protection of the equine
population. Furthermore, experiences with Equinella might help
establishing similar early disease detection systems for other
animal species.
Wohlfender, F. D., Schüpbach, G., Gerber, V., Wehrli Eser, M.,
Hauser, R., & Meier, H. P. (2012). A review of twenty years of
equine infectious disease monitoring in Switzerland: past, present and future. Journal of Equine Veterinary Science, 32(10), S92.
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~ o 1, A. Wigdorovitz 1
M. Bok*1, G. Asenzo 1, M.M. Vena 1, V. Parren
1
IncuINTA, Virology Institute, CICVyA, National Institutes of
Agricultural Technology, Buenos Aires, Argentina
Equine infectious anemia (EIA) is a disease of high economic
impact on the equine industry worldwide. Since horses are
frequent travelers, EIA falls under strict regulatory control programs in many countries. In Argentina the national animal health
authority (SENASA) states that all horses imported, moving
within the country, or congregating at public assemblies must
have a negative EIA report conducted within the previous 2
months. The agent causing EIA is a RNA virus from the Retroviridae
family and its major capsid protein named p26 is the most
immunogenic protein in the viral particle. Thus, the detection of
speciﬁc antibodies directed to p26 is the aim of most diagnosis tests
available in the world. The agar gel immunodifusion (AGID) is the
ofﬁcially accepted method to certify the diagnosis of EIA in
Argentina. Since 2009 IncuINTA was working on the scaling up and
production of the KIT AIE IDGA RP26, an Argentinean AGID test
entirely developed in the laboratory containing a recombinant p26
protein to detect EIA antibodies in horses’ serum. Until 2015
IncuINTA produced two pilot batches and six commercial batches
(one per year) containing from 24000 determinations in 2011 to
39600 determinations in 2015. Since the product was launched in
2011, the sales were increased 109%. Up to date we have placed on
the market 170640 determinations. As expected, the number of
laboratories buying the KIT AIE IDGA RP26 was also increasing
through time being 26 in 2011 and 36 in 2015. This number of
clients represents 17% of the 207 laboratories authorized by SENASA
to diagnose EIA in Argentina. These laboratories are located mostly
in Buenos Aires, Santa Fe, Entre Ríos, Formosa, La Pampa, Rio Negro,
 rdoba, Corrientes, Salta and Tucuma
n provinces. Until 2009 there
Co
was no Argentinean EIA test available in our market being the
imported ones very expensive. IncuINTA, which is a R&D laboratory,
could scale up, produce and sell the KIT AIE IDGA RP26 during six
consecutive years. After this success, IncuINTA perspective is to
increase the number of batches each year to be able to attend the
demand of most diagnosis laboratories in the country.
Reference

Alvarez, I. et al. Standardization and validation of an agar
gel immunodiffusion test for the diagnosis of equine
infectious anemia using a recombinant p26 antigen. Vet.
Microbiol. 121, 344e351 (2007).
167
Detection of equine herpes virus in Uruguay
1

2

2

were ampliﬁed by a semi-nested PCR. Of the total samples
analyzed, 27% and 6% of lymph nodes contained the gene for gH
and gB, respectively. To determine whether the genomes of EHV1
possess the mutation associated with neuropathogenesis (G2254
/ D752), the gene for the viral DNA polymerase was ampliﬁed and
sequenced. One of the ﬁve genomes sequenced presented the
mutation. The results conﬁrm the presence of EHV1 in our
country. Furthermore, there is evidence for the ﬁrst-time detection of EHV4 and the neuropathogenic variant (G2254 / D752) of
EHV1 in Uruguay. This ﬁnding provides new insights into the
epidemiological situation of EHV-1 and EHV-4 in our country.

182
Comparative test performance of different serological
tests for glanders
R. Raghavan 1, G. Syriac 1, R. Wernery 1, M. Elschner 2, I.
Mawhinney 3, U. Wernery 1
1
Central Veterinary Research Laboratory, P.O. Box 597, Dubai,
United Arab Emirates; 2 Friedrich Loefﬂer Institute, Federal
Research Institute for Animal Health, Institute of Bacterial
Infections and Zoonoses, Naumburger Strasse 96a, 07743 Jena,
Germany; 3 Animal Health and Veterinary Laboratories Agency,
Worcester, Hereford and Worcester WR5 2LQ, United Kingdom
Glanders is a zoonotic disease caused by Burkholderia mallei. It is
an OIE (Ofﬁce International des Epizooties) listed disease which
may affect a variety of animal species but mainly equids. For international trade of horses, donkeys and mules, the complement
ﬁxation test (CFT) is the OIE acknowledged main test (OIE Manual,
2016, in press). However, in recent years researches from different
countries have established new serological tests to overcome
cross reactions (Neubauer et al., 2005; Naureen et al., 2007;
Sprague et al., 2009 & Elschner et al., 2011) which sometimes
hamper international trade. Additionally, serological results from
donkeys and mules as well as from older equine samples are often
difﬁcult to interpret due to anti complementary reactions (Wernery et al., 2012). An outbreak of glanders in Bahrain in 2010/11
(Scholz et al., 2014) provided the opportunity to compare
different serological tests on 182 equine sera. The 182 horses
tested included 53 horses with clinical glanders signs (Panel A),
43 horses which had direct contact with glanderous horses with
no glanders clinical signs (Panel B) and 86 horses with no clinical
signs kept in the outbreak area (Panel C). The results of the
comparison tests are presented in Table 1.

Table 1 Comparative results of three glanders serological tests on 182
equine sera from Bahrain expressed as positive percentage.
ID

SAMPLE
NUMBER

CCPRO
CFT %

CVRL
cELISA%

FLI WB%

Horse Panel A
Horse Panel B
Horse Panel C

53
43
86

96.2 (51/53)
90.7 (39/43)
34.9 (30/86)

98.1 (52/53)
95.3 (41/43)
0 (0/86)

98.1 (52/53)
90.7 (39/43)
0 (0/86)

3

E.R. Castro* , J. Murgia , A. Caramelli , J. Arbiza
1
Department Virology Veterinary Laboratories Division (DILAVE)
n Animal Industry, MGAP,
MGAP, Montevideo, Uruguay; 2 Divisio
Montevideo-Uruguay; 3 Section Virology Faculty of Science,
UDELAR, Montevideo, Uruguay
In recent years, an increase in the number of cases of equine
neurological disease caused by equine herpes virus 1 (EHV1)
neuropathogenic variants, has been observed in numerous
countries. The purpose of this study was to detect the presence of
the viral genome of EHV1 and equine herpes virus 4 (EHV4) in
bronchopulmonary lymph nodes of 47 horses, from various locations of Uruguay, obtained in a slaughterhouse. The genes
encoding the glycoprotein H (gH) of EHV1 and B (gB) of EHV4
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Evaluation of the diagnostic performance of equine
infectious anaemia (EIA) serological ELISAs as
screening tools in control programmes
M.T. Scicluna 1, R. Nardini 1, R. Frontoso 1, I. Ricci 1, C.J. Issel 2, G.L.
Autorino 1
1
Istituto Zooproﬁlattico Sperimentale Lazio e Toscana, Rome, Italy;
2
Department of Veterinary Science, Gluck Equine Research Center,
Lexington, KY, USA
EIA is a retroviral disease affecting all equidae and its diagnosis is
principally based on the use of serological methods represented
by agar gel immunodiffusion test (AGIDT), ELISA and the
immunoblot that are used on the basis of the intended purpose.
OIE proposes both AGIDT and ELISA as suitable for the demonstration of individual or population freedom from infection.
Important characteristic for a serological method to be used as
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screening test in a control programme is its sensitivity that assures the detection of the highest possible number of cases.
Relative to this are different studies reporting on the higher
sensitivity of the ELISA compared to the AGIDT (1, 2). As Italy,
like in many other countries, has a regulatory control program
for EIA, the National Reference Centre for EIA (NRCEIA) conducted a study in which the diagnostic performance of all ELISA
serological kits available in the country, as candidate/s for a
screening test, was evaluated. Ten ofﬁcial laboratories participated in the study where each examined a sample panel containing negative and positive sera with different levels of
positivity, using four commercial and 2 in-house kits. The same
kits were also assessed for their precocity by the NRCEIA using a
panel of sera from vaccinated animals at different days postvaccination. All the serum samples used in this study were also
tested in AGIDT. The parameters evaluated were: diagnostic
sensitivity (DSe) and speciﬁcity (DSp), Cohen K, weighted Cohen
K, coefﬁcient of variation (CV), accordance and concordance. The
results obtained were the following; Dse and DSP for all kits
were 100% deﬁning, all tests as accurate. K multiple was equal to
0.76 while the value of K for all laboratories, compared with each
other was 0.72. The K values indicate a degree of concordance
almost perfect according to the classiﬁcation of Landis et. al. (3).
The CV values obtained for all sera were less than 20%, and for
this repeatability and the reproducibility for the kits evaluated
was satisfactory. Moreover, accordance and concordance were
close to 100% in more than half of the sera. Analysis of these
parameters show that all kits employed have a high diagnostic
performance and also a higher sensitivity than AGID in terms of
analytical sensitivity and precocity. Even if a complete evaluation, according to the OIE standards, is required, all kits resulted
suitable candidates as screening tools capable of increasing the
efﬁcacy of EIA control programmes.
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Viral load kinetics and liver disease following equine
hepacivirus and equine pegivirus infection
R.H. Mealey*, J.D. Ramsay
Department of Veterinary Microbiology and Pathology,
Washington State University, Pullman, WA 99164-7040, USA
In recent years three new members of the Flaviviridae family,
equine hepacivirus (EHCV), equine pegivirus (EPgV) and
Theiler’s disease associated virus (TDAV), have been identiﬁed
in association with clinical and subclinical liver disease in
horses. Several studies have been conducted in the USA, United
Kingdom, Germany, Japan, and Brazil to determine the prevalence of EPgV and EHCV infection. Seroprevalence and frequency of viremia has been reported as high as 32-67% for
EPgV, and 19-43% for EHCV. We have described the viral
replication kinetics, viral-speciﬁc antibody responses, and
associated liver damage following experimental EHCV infection
as well as EHCV/EPgV co-infection. Although we identiﬁed high
levels of EHCV in liver tissue, we found no signiﬁcant difference
between plasma and liver EPgV viral loads in co-infected
horses, consistent with plasma contamination of liver tissue.
Thus, EPgV does not appear to be hepatotropic, and its
contribution to the development of liver disease in the horse
has not been conﬁrmed. EPgV is related to human pegivirus
which has questionable pathogenicity, infects mononuclear
cells, and has not been convincingly demonstrated to replicate
in the liver. To determine if infection with one or more of the
above equine viruses was associated with liver disease in
racehorses, we obtained plasma samples from ten actively
racing Thoroughbreds previously evaluated for decreased performance that had increased serum gamma-glutamyltransferase (GGT) activity. All samples were tested for EHCV, EPgV, and
TDAV by RT-PCR. Eight of these ten horses were positive for
EPgV, but not EHCV nor TDAV. To determine if EPgV could cause
liver disease, we experimentally inoculated three horses with
plasma containing only EPgV and measured weekly EPgV viral
loads, serum GGT, and serum sorbitol dehydrogenase (SDH).
These horses became viremic within one week and developed
signiﬁcant elevations in GGT and SDH within 9-14 weeks post
inoculation. Our preliminary results support the conclusion
that both EHCV and EPgV can cause liver disease in the horse,
and that EPgV may be associated with otherwise unexplained
elevations in GGT and poor performance in racing Thoroughbreds.
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Landing sites and diel activity in Culicoides midges
attacking Fjord horses in the Netherlands
A.R.W. Elbers*1, S-J van den Heuvel 2, R. Meiswinkel 3
1
Central Veterinary Institute, Wageningen UR, Lelystad,
Netherlands; 2 CAH Vilentum, Dronten, Netherlands; 3 Roma, Italy
In the Old World, African horse sickness (AHS) and equine encephalosis are transmitted to equids by Culicoides midges. AHS has a
case-fatality-rate of 95% in horses. Though endemic to subSaharan Africa, AHS virus is able to incur northwards and to
disseminate widely within Mediterranean countries. For example,
>1,000 equines died during the AHS-epidemics affecting Spain,
Portugal and Morocco (1987-1991). The virus was isolated not
only from Culicoides imicola, but also from species endemic to
Europe: C. obsoletus and C. pulicaris. In cattle and sheep, the unforeseen emergence of bluetongue virus in NW Europe in 2006,
followed by Schmallenberg virus ﬁve years later, has led to more
midge species being added to the vector list: C. chiopterus, C.
dewulﬁ and C. scoticus. These species feed opportunistically on all
breeds of livestock, including horses. In Europe, with the lack of
an AHS-vaccine, reducing the contact between the vector and the
host is a protective measure: protective stabling of horses and the
use of protective blankets. In the Netherlands, approximately 50%
of the horses are maintained outdoors (housing is never provided,
or not available). Therefore, there is a need for understanding the
feeding habits of Culicoides midges in relation to horses. In our
study (early summer of 2014), we focused on midge landing and
biting sites on a pair of Fjord horses, and on their hours of activity
across the diel. Furthermore, Culicoides were reared from the
dung of the Fjord horses that were located in an area without
cattle (within a 1km radius). The Fjord horses were maintained
permanently at pasture in the central Netherlands. Eleven body
regions of the horse were screened for midges, with observations
conﬁned to the hour immediately before and after sunset; each
body region was sampled at random and for 5 minutes, using a
handheld mouth aspirator (pooter). Midges were obtained from
all areas of the horse, in particular the belly (64.3%), the legs
(8.2%), the ﬂank (5.8%), the shoulders (4.6%) and the hind quarters
(4.6%). Subsequently, between June and September, midge activity on the horses was measured across the diel, from sunrise to
one hour after sunset. Insect activity was distinctly bimodal,
surging both at sunset and an hour after sunrise. The mean attack
rate (AR) in C. chiopterus, C. punctatus, C. obsoletus complex, and C.
dewulﬁ around sunset was 11.7, 8.6, 3.3 and 3.0 midges/minute,
respectively. Mean AR in the ﬁrst 5 hours after sunrise of midges
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of the C. obsoletus complex, C. chiopterus, C. dewulﬁ and C. punctatus was 0.7, 0.4, 0.5 and 7.8 midges/minute, respectively. The
overall biting rate (BR) was however low, with only 4.6% of the
more than 5,000 midges captured off the horses found freshly
blood-engorged. Both C. chiopterus and C. dewulﬁ were reared
from the dung of the two experimental horses.

133
Mosquito species presence on equine premises in the
UK
G.E. Chapman, D.C. Archer, M. Baylis
Department of Epidemiology and Population Health, Institute of
Infection and Global Health, University of Liverpool, UK
Background: Globally there has been increasing concern over
emerging infectious diseases. In particular arboviral diseases
represent a signiﬁcant threat to animal and human health and the
introduction of West Nile virus into North America has demonstrated the potentially signiﬁcant effects of these viruses on a
naïve host population. In Europe recent arboviral emergence
events include Usustu, chikingunya, and dengue and in the UK,
bluetongue and Schmallenberg viruses. A number of arboviruses
affecting horses have been noted as important zoonoses with
potential for emergence in Europe, including Japanese encephalitis virus, Eastern equine encephalitis virus, Western equine encephalitis virus and Venezuelan equine encephalitis virus. West
Nile virus already causes outbreaks in equines in Europe including
in Northern Italy and Southern France in 2015. Information
regarding the species presence and numbers of mosquitoes on
equine premises in the UK are lacking. This information is
important in assessing the future risk to horses from mosquito
borne disease. The purpose of this study was to add to information on mosquito presence and abundance on equine premises
and to investigate the practicalities of mosquito surveillance
techniques on equine premises in the UK. Initial ﬁeldwork has
concentrated on the species and relative numbers of mosquitoes
present on equine premises and to provide baseline information
for future mosquito surveillance. This study involved mosquito
sampling on 8 premises in each of 4 widely distributed regions of
England. Stratiﬁed sampling of four mosquito habitats in proximity to equine premises was utilised: Fenland, Woodland, Urban,
and Saltmarsh. Each region was visited 3 times during the mosquito season and the timing of these visits was based around the
average peaks of different mosquito species abundance. The main
trap used for sampling was the Mosquito Magnet ™ and this was
run for approximately 72 hours at each visit. Larval sampling and
a resting box trap were also used on all sites, and resting mosquito
sampling, and sweep netting were also used where appropriate.
Mosquitoes were identiﬁed as far as possible morphologically and
by molecular methods for the Culex pipiens complex. Preliminary
results indicate that species presence is highly correlated with
expected presence based on proximity to mosquito breeding
habitat. Cx pipiens complex mosquitoes and Culiseta annulata
were two of the most commonly found species. Further conclusions may be drawn after completion of the study and analysis of
data.
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Long-lasting non-primate hepacivirus infection and
transmission of the virus from dams to infants in horses
T. Miyashita 1, Y. Toishi 2, M. Hashimoto 2, N. Tsunoda 2, R.
Kirisawa*1
1
Laboratory of Veterinary Virology, Department of Pathobiology,
School of Veterinary Medicine, Rakuno Gakuen University, 582
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Non-primate hepaciviruses (NPHVs) that infect horses are the
closest relatives of hepatitis C virus (HCV) described to date. HCV
and NPHV belong to the genus Hepacivirus, within the family
Flaviviridae of single-stranded, positive sense RNA viruses. In this
study, we analyzed the NPHV prevalence in stallions, broodmares
and yearlings in Japan. We used 35 serum samples from stallions
at Farm A and 122 and 125 serum samples from broodmares and
yearlings at Farm B and Farm C, respectively, obtained in
November 2013. All of the horses were Thoroughbred. Most of the
yearlings were reared at Fam B with their dams until 6 to 7
months of age, and then moved to Farm C. NPHV RNA in serum
samples was detected by a nested RT-PCR targeting conserved
sequences in the nonstructural 3 (NS3) protein coding region.
Four (11.4%) of the 35 stallions, 7 (5.8%) of the 122 broodmares
and 4 (3.2%) of the 125 yearlings were NPHV RNA-positive. The
NS3 region sequences of all 15 NPHV RNA-positive PCR products
were determined. Phylogenetic analysis showed that all of the 15
NS3 sequences clustered with sequences previously classiﬁed as
NPHV. The analysis revealed that vertical transmission from one
broodmare to her infant and horizontal transmission among
yearlings occurred. A retrospective and follow-up survey of NPHV
RNA-positive horses revealed that most of the horses had chronic
infection and that only a few horse had acute infection. Two
horses showed viremia over a ten-year period. In 4 NPHV RNApositive stallions, GGT, AST and LDH levels in serum were almost
all within reference ranges. Therefore, hepatitis was not observed.
This study suggested that NPHV infections are widespread in
Japanese horses as well as in horses in other countries, such as UK,
Germany, USA and Brazil, and that both vertical transmission and
horizontal transmission occur.

034
Genetic and antigenic analysis of Getah virus isolated in
1978 and 2014 in Japan
M. Nemoto*, H. Bannai, K. Tsujimura, T. Yamanaka, T. Kondo
Epizootic Research Center, Equine Research Institute, Japan
Racing Association, Shimotsuke, Tochigi, Japan
Getah virus is a mosquito-borne virus that causes fever, rash on
the body, and edema of the legs in horses and pigs. An inactivated
vaccine has been used since the ﬁrst outbreak occurred in 1978 at
the Miho training center of the Japan Racing Association, and no
outbreaks had occurred in vaccinated horses until 2014, when the
disease resurfaced among racehorses at the same training center
in September and October of that year [1]. As we reported previously [2], indirect causes of this outbreak likely include the
existence of susceptible horses that have not completed the
vaccination program and an increased risk of exposure to the
virus because of epizootic Getah virus infection around the
training center. However, the direct cause of the 2014 outbreak
remains unclear. To determine whether mutation of the virus was
directly responsible for the outbreak, we performed genetic and
antigenic analysis of the vaccine strain (MI-110) isolated in 1978
and a strain isolated in 2014 (14-I-605). We sequenced the complete genomes of two cloned MI-110 strains and two cloned 14-I605 strains. In addition, the original MI-110 and 14-I-605 were
inoculated into seronegative horses. Antisera collected from these
horses were used in a cross-neutralizing test. The complete
genome sequences of the cloned 14-I-605 strains had 98.6%
nucleotide identity to those of the cloned MI-110 strains. The
nucleotide lengths of non-structural polyprotein (nsP1234, 7404
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base pairs) and structural polyprotein (C-E3-E2-6K-E1, 3762 base
pairs) were identical between MI-110 and 14-I-605. The nucleotide and amino acid sequences of these genes were highly
conserved between MI-110 and 14-I-605 (nsP1234, 98.5% for
nucleotides and 99.5% for amino acids; C-E3-E2-6K-E1, 98.7% for
nucleotides and 99.8% to 99.9% for amino acids). Antisera against
MI-110 and 14-I-605 had almost equal titers against both the
homologous virus and the heterologous virus. These results
showed that there was little difference between MI-110 and 14-I605 genetically and antigenically. Therefore, the current vaccine
containing MI-110 should be effective against 14-I-605, and it is
unlikely that virus mutation was a direct cause of the 2014
outbreak.

[1] Nemoto M, Bannai H, Tsujimura K, Kobayashi M,
Kikuchi T, Yamanaka T, Kondo T. Getah virus infection
among racehorses, Japan, 2014. Emerg Infect Dis
2015;21:883e5.
[2] Bannai H, Nemoto M, Ochi A, Kikuchi T, Kobayashi M,
Tsujimura K, Yamanaka T., Kondo T. Epizootiological
investigation of Getah virus infection among racehorses in Japan in 2014. J Clin Microbiol
2015;53:2286e91.
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Identiﬁcation of equine hepacivirus infections in
France: Facts and Physiopathological insights
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Hepatitis C virus (HCV) is one of the main causes of end stage
liver diseases (cirrhosis and hepatocellular carcinoma) in
humans. In vivo studies have been hampered by a lack of access
to relevant animal models. Until recently, the genus Hepacivirus
was comprised of seven HCV genotypes, plus GBV-B that infects
New World monkeys. Within the past few years, new hepaciviruses were identiﬁed in dogs and horses (also called
canine/equine or non-primate hepaciviruses), in Old World
monkeys (Colobus guereza), as well as in rodents (Myodes
glareolus and Rhabdomys pumilio) and bats. Yet, the data
available regarding newly identiﬁed hepacivirus infections is
still limited, including in horses. So far, few studies have reported PCR positive horses in different countries (USA, Scotland, Germany, Japan, Brazil and Hungary). The aim of our study
was to determine the prevalence of active hepacivirus infections in horses. A RT-qPCR adapted from the test described
by Burbello et al. was developed according to the AFNOR norm
U47-600-2. We detected 69 positive horses out of 1229
screened with this assay (5,6%). Positive horse samples originated from all parts of France. The number of viral genomes
circulating in the blood of hepacivirus-infected horses ranged
from 1.15 x 104 to 2.8 x 109 copies/mL, with two third of the
results above a threshold of 4.26 x 107 copies/mL. There was no
evidence of concomitant hepatic inﬂammation in the sera, as
tested by the levels of gamma-glutamyl transferase and glutamate deshydrogenase. A one-year follow-up study in 7 horses
from the same stud farm showed that, from the time of
detection, infection persisted up to 18 months. A phylogenetic
analysis was performed based on the nucleotide sequences of
the 5’-untranslated region of the genome, as well as of the
genes encoding the nonstructural proteins 3 and 5B. The result
of this analysis suggests that all positive horses identiﬁed in
France are infected with equine hepacivirus variants distinct
from those previously reported. The present study demonstrates for the ﬁrst time the presence of a signiﬁcant proportion
of ongoing equine hepacivirus infections in the horse herds in
France. Determining the consequences of persistent hepacivirus
infections in horses warrants further investigation.
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Association of NetF-positive type A Clostridium
perfringens with necrotizing enteritis in neonatal foals
Iman
Mehdizadeh
Gohari,
Valeria
Parreira,
Andrew
Kropinski, Patrick Boerlin, John F. Prescott*
Department of Pathobiology, University of Guelph, Guelph,
Ontario N1G 2W1, Canada
A role for type A Clostridium perfringens in necrotizing enterocolitis of neonatal foals has long been suspected but incompletely characterized. The supernatant of an isolate made from
a foal that died from this disease was highly cytotoxic for an
equine ovarian (EO) cell line. Partial genome sequencing of an
isolate revealed three novel putative toxin genes encoding
proteins related to the pore-forming Leukocidin/Hemolysin
Superfamily; these were designated netE, netF, and netG. netE
and netF were located on one large conjugative plasmid, and
netG was located with a cpe enterotoxin gene on a second large
conjugative plasmid. Mutation and complementation showed
that only netF was associated with the cytotoxicity. There was a
highly signiﬁcant association (p<0.0002) between the presence
of netF with type A strains isolated from cases of foal necrotizing enterocolitis. netE and netF were found in all cytotoxic
isolates, as was cpe, but netG was less consistently present.
Pulsed-ﬁeld gel electrophoresis showed that netF-positive isolates belonged to a clonal lineage that included canine-origin
netF strains; some canine and equine netF-positive isolates
were genetically indistinguishable. Equine antisera to recombinant Net proteins showed that only antiserum to rNetF had
high supernatant cytotoxin neutralizing activity. The genomes
of two C. perfringens strains recovered from a case of foal
necrotizing enteritis (JP55) and canine haemorrhagic gastroenteritis (JP838), respectively, were completely sequenced using Single Molecule, Real-Time (SMRT) technology-PacBio and
Illumina Hiseq2000. The JP55 and JP838 genomes include a
single 3.34 Mb and 3.53 Mb circular chromosome, respectively,
and both genomes additionally consist of ﬁve circular plasmids.
Comparison of these two C. perfringens chromosomes with
three fully sequenced reference chromosome sequences identiﬁed regions (~69 kb) shared between the two isolates,
including regions forming a mosaic of plasmid-integrated segments, suggesting that these elements were acquired early in a
clonal lineage of netF-positive C. perfringens strains. In addition,
plasmid annotation revealed that both netF-positive C. perfringens strains, JP55 and JP838, harbour three tcp-conjugative
plasmids in common, including a NetF/NetE toxins-encoding
plasmid, a CPE/CPB2 toxins-encoding plasmid and a putative
bacteriocin-encoding plasmid. We also found that JP55 and
JP838 strains share unique virulence genes on conserved
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pathogenicity loci on the large tcp-conjugative plasmids. The
identiﬁcation of this novel NetF necrotizing toxin is an important advance in understanding the virulence of type A C. perfringens in necrotizing enteritis of neonatal foals.
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Novel viruses determined using fecal virome analysis in
the feces of foals with diarrea
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Within the ﬁrst six months of life, up to 20% of foals have episodes of diarrhea caused by infectious agents. However, there
is a limited understanding of the relative prevalence of common agents and the mechanism of coinfections. In equine
veterinary medicine, coinfections and the consequent interactions contributing to intensify gastrointestinal disease
have not been deeply characterized. In this study we performed
viral metagenomic analysis of fecal samples from foals suffering
diarrhea. Two pools of three samples from different individuals
were prepared and sequenced on a HiSeq 2500 platform (Illumina). We detected the presence Rotavirus A together with
novel and highly divergent viruses belonging to Picornaviridae
and Astroviridae families. An almost complete Kobuvirus
genome was obtained. It showed to be phylogenetically related
with bovine, ferret and ovine strains but more distantly related
to strains infecting pigs and dogs. To our knowledge, this is the
ﬁrst report of Kobuviruses detected in horses. On the other side,
a partial sequence from Astroviridae family was also detected.
This was highly divergent and would also represent the ﬁrst
report of this virus in feces from foals suffering diarrhea.
Together these results underline that many novel viruses
affecting foals are yet to be discovered. This study aims to

Pool 1
Pool 2

Samples

Viruses found

Foals with diarrhea, younger
than 4 months
(3 individual samples/pool)

Group A Rotavirus Kobuvirus
Astrovirus-like
Group A Rotavirus
Picornavirus Astrovirus
(Mamastrovirus)
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expand the knowledge of viral species present in feces of foals
suffering diarrhea using Next Generation Sequencing. This will
be useful to further explore the role of new infectious agents in
this illness in foals.
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Detection and characterisation of Clostridium difﬁcile in
Australian Thoroughbred foals
K.E. Bailey*1, S.J. Symes 1, K.E. Mackin 2, J. Rousseau 3, D.
Lyras 2, J.S. Weese 3, J.E. Axon 4, C.M. Russell 4, C.A. Hartley 1, G.F.
Browning 1, J.R. Gilkerson 1
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University, Clayton, Victoria, Australia; 3 Department of
Pathobiology, Ontario Veterinary College, University of Guelph,
Guelph, Ontario, Canada; 4 Scone Equine Hospital, Scone, New
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Diarrhoea is a common disease in young foals that is labour
intensive and costly to manage. A large number of infectious
agents have been detected in foals with diarrhoea, but the
pathogenic importance of many of these agents is poorly understood. Clostridium difﬁcile has been associated with severe
necrotising enteritis in foals, but has also been isolated from
healthy foals. Hypervirulent strains of C. difﬁcile, such as ribotypes 027 and 078, commonly associated with human hospital
outbreaks of diarrhoea, have also been detected in some animal
populations. There are limited data on C. difﬁcile disease in
Australian horses. In a prospective case control investigation of
diarrhoea in foals, faecal samples were collected on ﬁve Thoroughbred breeding farms in New South Wales, Australia, from
foals with diarrhoea and age-matched control foals (agematched pair). In addition, faeces were collected from foals with
diarrhoea at an equine referral hospital. Foal faeces were tested
for the presence of C. difﬁcile using a quantitative polymerase
chain reaction assay (qPCR) targeting the gene encoding triose
phosphate isomerase. Anaerobic culture for C. difﬁcile was performed on samples that tested positive by qPCR and isolates
were further characterised by ribotyping. In total, 117 agematched case control pairs and 26 hospitalised foals with diarrhoea were sampled. C. difﬁcile was isolated from 3/3 case foals
and 2/3 control foals positive by qPCR among the matched foals.
C. difﬁcile was isolated from 5/6 hospitalised foals with diarrhoea
that were qPCR positive. Four different ribotypes were detected,
including ribotype 012 and 078. This is the ﬁrst report of the
detection of C. difﬁcile ribotype 078 in Australian horses. As this
ribotype has been associated with severe disease in humans, this
ﬁnding may have public health implications for veterinarians
and horse owners.
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Equine rotavirus in Argentinean foals: an overview
~ o 1, S. Min
~ o 1, L. Garaicoechea 1, M. Barrandeguy 1
V. Parren
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Group A equine rotavirus (RVA) associated diarrhea in foals
represent a main sanitary problem for the equine industry,
worldwide. In fact, equine RVA is considered to be the major
cause of dehydrating diarrhea in foals younger than 3 month old.
Young foals are highly susceptible to RVA infection and develop
malabsorptive watery diarrhea leading to severe dehydration and

sometimes death, especially in neonates with failure of passive
antibody transference. Our group of research has been studying
equine RVA since 1992. The circulating strains were characterized
as genotypes G3A and G14 associated to P[12]. The complete
genome of the equine RVA strains were described and the interaction among the antigens determining the genotypes were also
studied. During these years important improvements in the
diagnosis and characterization tools have been made as well as in
the preventive strategies to control the disease in horse farms.
The aim of the present work is to summarized our knowledge and
discuss the future prospects regarding this important disease of
foals.

192
Comparison of serum amyloid A and ﬁbrinogen, in the
laboratory assessment of foals with diarrhea
S.B. McAuliffe*, M. Deferrari, M. Burdet, C. Palma, C. Ambrosi, F.
Gonzalez
Private practitioners, San Antonio de Areco, Buenos Aires,
Argentina
Diarrhea in young equines is very common and there are many
causative agents and conditions (viral, bacterial, protozoa,
parasites, drug or dietary associated, toxins and changes in the
intestinal ﬂora) that manifest with clinical signs of watery
diarrhea in these foals. It is difﬁcult to differentiate which foals
may have an infectious cause of diarrhea and those of a noninfectious nature. It is estimated that a deﬁnitive cause of the
diarrhea can only be reached in 40% of cases1. As part of a
blinded controlled study to assess the use of a paste formulation of SB-300 in foals with watery diarrhea, assessments
included fecal cultures, serum amyloid A (SAA), ﬁbrinogen and
complete cell counts. These assessments were performed upon
admission to the trial, at the end of the treatment phase
(T¼72hours) and at the end of the observation period
(T¼144hours). SAA has been deemed a major acute phase
protein in horses with usefulness in the assessment of inﬂammation and evaluation of response to therapy.3 The usefulness
of this acute phase protein has not been assessed in horses with
diarrhea. This abstract aims to look at the relative and
comparative usefulness of the acute phase proteins in assessment of foals with diarrhea and correlations if any to the causes
of diarrhea and response to therapy. As this is an ongoing study
(ﬁnish date November 22nd, 2015) the complete results are not
yet available but preliminary ﬁndings indicate a marked
comparative difference between the acute phase proteins. The
full results will be published as part of this abstract
presentation.
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Lawsonia intracellularis (Li) is the causative agent of equine proliferative enteropathy (EPE), an endemic infection in pigs and an
emerging concern in horses. EPE has been reported in North
America, Europe, Australia and Brazil, and is more frequent in
weaned foals. The antemortem diagnosis of EPE is based on the
detection of Liespeciﬁc antibodies by serology and the molecular
identiﬁcation of DNA in feces by PCR. The aim of this work is to
report an outbreak of EPE in two horse farms in Buenos Aires
province. Serology tests were performed both in mares and
weanlings (9-12 months) while PCR of faecal samples was performed only in weanlings. The DNA was extracted (ZR MiniPrep
Zymo Research, USA) and the PCR was applied according to Jones
et al. 1993. The indirect immunoﬂuorescence was carried out
according to Knittel et al. 1997. In farm one, sera from 32 mares
and two foals with diarrhea and clinical signs were analyzed,
while in farm two, sera from 14 mares and 15 foals were processed, where only one had chronic diarrhea and an antibiotic
treatment. The results are shown in table 1. Total positive sera
were 79% (50/63) and positive PCR in foals 12% (2/17). Besides, at
least one animal was positive by PCR in each farm. The high
percentage of seropositive animals may indicate previous exposure to Li. The seropositivity of mares implies subclinical infection, a situation of constant exposure or long term persistence of
serum antibodies. In a foal with diarrhea and positive PCR may
conﬁrm the EPE. However, in a foal with diarrhea and negative
PCR, the disease could not ruled out, because a negative result is
expected in situations such as a prolonged course or antibiotic
therapy. The detection of positive PCR animals without diarrhea,
as observed in farm two, can be related to a subclinical infection, a
common condition seen in swine. In conclusion, to our knowledge, this is the ﬁrst description clinical and subclinical case of
EPE with conﬁrmed diagnosis by serology and fecal PCR in horses
in Argentina. The EPE must be considered among the possible
diagnoses in cases of enteritis in foals. Use of these tests may aid
in detection of the disease allowing for early and speciﬁc treatment to improve the prognosis of affected horses.

Table 1
Serology and PCR of Li in horses.
Farm

Serology

PCR

Mares

1
2

Foals

Foals

-

+

-

+

-

+

8
2

24
12

0
3

2
12

12
141

1*
11

*Acute diarrhea;
antibiotictherapy.

1

Without diarrhea;

2

Chronic diarrhea +
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Equine Group A Rotaviruses (RVA) are a major cause of neonatal
diarrhea in foals under 4 months of age. Based on the VP7 and
VP4 outer capsid proteins, RVA strains are classiﬁed into 27 Gand 37 P-genotypes, respectively. RVA G3P[12] and G14P[12]
are epidemiologically the most important genotypes circulating
in horses worldwide. An extended RVA classiﬁcation system,
which deﬁnes genotypes for all 11 genome segments, reveals
that genomes of equine RVA G3P[12] and G14P[12] shown a
highly conserved backbone with the exception of gene segments encoding the proteins VP7 (G3 and G14), VP6 (I2 and I6),
and NSP4 (E2 and E12), which show to have at least two
common variants in horses. Interestingly, within this genotype
constellation, some striking geographic patterns can be seen
occasionally. Despite each of the 11 gene segments can theoretically segregate independently during strain reassortment, a
genetic linkage between VP6:VP7 equine RVA has been reported. Thus, viral protein interactions might drive the selection of strains that can replicate and spread in horses better.
Besides, a geographical restricted genotype (E12) was also
found. In this study we characterized the VP6, VP7, VP8 and
NSP4 gene segments from a large ﬁeld sample collection using
phylogenetic and structural analyses. The data sets were constructed with all equine RVA sequences available in Genbank
and, the phylogenetic analyzes were conducted in MEGA software, the molecular modeling was carried out in I-Tasser and
the structures were analyzed with UCSF Chimera package. The
phylogenetic analyses of VP7 showed that equine RVA form
three different lineages (European, Asian and South American)
for both, G3 and G14, genotypes. The same topology was
observed for both genotypes (I2 and I6) in VP6. The analyses of
VP8* also show the same pattern, clustering the strain in the
same clusters but, the distance between them is not enough to
deﬁned lineages. Regarding the analyses of NSP4 gene segment,
its show a monophyletic group in E12 genotypes (equine and
other). The result obtained with the deduced amino acid (aa)
sequences were in agreement with the ones described for nucleotides. The structural analyses revealed that the aa substitutions in VP7 are in the antigenic sites and in the VP7:VP6
interaction region. In accordance, most of the aa changes in VP6
are in the top of the protein involving antigenic and VP7:VP6
interaction sites. Interestingly, the structural analyses of VP8*
showed a few aa differences in the antigenic sites and, all
equine P[12] shown the same conserved aa sequence in VP8*
pocket, only observed in P[12] genotype. Our study suggest the
existence of geographically related equine RVA lineages and,
describe the aa conﬁguration of the VP8* pocket.
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Re-emerging West Nile virus in horses from South
Eastern France, 2015
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West Nile virus (WNV) is a mosquito-borne ﬂavivirus cycling in
the wild avifauna. This virus has been shown to more frequently
cause equine outbreaks of West Nile neuro-invasive disease in

Europe for the last few years. Even if France had already registered ancient WNV circulation episodes in equids from 1962 to
2006, France had not faced West Nile outbreaks for nearly a
decade. Two suspect cases with signs of meningoencephalitis
(anxiety, impaired consciousness, decubitus) since August 11th
and 17th were referred to the RESPE network and conﬁrmed to be
infected by West Nile virus on August 28th through the use of
serological diagnostic tools (competition ELISA, IgM capture
ELISA, ﬂavivirus Luminex assay, Virus Neutralization Test) (Beck et
al, 2015). So far, 30 equids with neurological symptoms have been
found infected by West Nile virus, as well as 3 asymptomatic and
1 febrile horses, in three departments surrounding the Camargue
area in South-Eastern France (Figure 1); the number of conﬁrmed
cases has been quite stable over the last 4 weeks (August 24thSeptember 20th), with an average of 7 cases a week (5-9). Clinical
signs and evolution have been registered, and marked weariness
and ataxia appear as the most striking features of this West Nile
epizootics, reported in 14 and 17 cases out of 27 respectively
(51.9% and 63.0% rates), while hyperthermia (over 38.5 C) is
inconstant at neurological signs onset (7/27, 25.9%). West Nile
infection has been lethal in 5 equids (lethality of 16.1%, CI95 [3.229.0%]). Several samples (EDTA blood, cerebrospinal ﬂuid, urine)
from conﬁrmed West Nile cases have been investigated by West
Nile real-time RT-PCR and have been found negative so far. Other
samples are being processed in order to amplify and characterize
the West Nile strain circulating in the Camargue area. No human
case and only rare bird mortalities have been concurrently reported. A complete descriptive analysis of the French 2015 epizootics involving clinical, epidemiological and virological
(whenever possible) analysis will be presented.
cile Beck, Philippe Despre
s, Sylvie Paulous, et al., “A High-PerCe
formance Multiplex Immunoassay for Serodiagnosis of FlavivirusAssociated Neurological Diseases in Horses,” BioMed Research
International, vol. 2015, Article ID 678084, 13 pages, 2015.
doi:10.1155/2015/678084

096
Evaluation of immunity and clinical disease following
infection of horses with Equine herpesvirus-1 and
mutants of differing neuropathogenic potential
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Figure 1. Localization of WNV outbreaks in French Mediterranean departments surrounding the Camargue area, as of September 25th 2015
(Source: RESPE).
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Equine herpesvirus type 1 (EHV-1) is the cause of a devastating
myeloencephalopathy (EHM) in horses worldwide, but our
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understanding of its pathogenesis beyond the essential role of
viremia is rudimentary. To address questions regarding viral and
host factors for the pathogenesis of EHM, the focus of this study
was to compare viruses with differing neuropathogenic potential.
Four experimental groups of horses were established and
included uninfected controls, wild type infected horses (Ab4),
polymerase mutant infected horses (Ab4 N752) and gD mutant
infected horses (EHV-1 gD4). Animals were assessed for 21 days
post infection (p.i.). Blood and nasal swabs were assessed for
viremia and nasal shedding by real time PCR. Nasal secretions and
cerebrospinal ﬂuid (CSF) were collected for cytokine measurement and serum neutralization (SN) titers were determined at
regular intervals. All horses were euthanized 10 weeks p.i. and
tissues were collected for histology. Ab4 N752 infected horses
showed the most severe respiratory disease followed by Ab4
infected horses. EHV-1 gD4 infected horses showed only mild
respiratory disease. Three Ab4 infected horses developed signs of
EHM but no horses in the other groups showed neurological
signs. Furthermore, only Ab4 infected horses presented a classical
bi-phasic fever. Ab4 N752 infected horses showed only primary
fevers and EHV-1 gD4 infected horses showed only late secondary
fevers. Nasal shedding and viremia differed signiﬁcantly between
infection groups, while EHV-1 SN increased in all groups p.i. to
comparable levels. IFN-gamma was reduced and IL-10 production
was completely inhibited in the CSF after Ab4 infection, but no
signiﬁcant changes were observed in any of the other groups. In
contrast to CSF, IFN-gamma was signiﬁcantly increased in nasal
secretions of Ab4 infected horses. IFN-alpha was not detectable in
nasal secretions before infection, but was signiﬁcantly induced
following infection in all infection groups. Finally, horses in the
AB4 infected group showed signiﬁcant signs of inﬂammation and
degeneration in the spinal cord, brain and testis upon histological
examination, while inﬂammation was much milder or absent in
horses of the other infection groups. In conclusion, we detect
differences in respiratory and neurological disease as well as nasal
shedding and viremia of horses infected with Ab4 and EHV-1
mutant viruses of differing neuropathogenic potential. These
differences appear to be associated with a differing ability of WT
and mutant viruses to infect immune privileged sites and
modulate host responses and induction of interferons and IL-10.
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Are any microbes involved in the riddle of acquired
equine polyneuropathy?
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Acquired equine polyneuropathy (AEP) is an emerging disease of
horses in northern Europe since the 1990’s [1,2]. Today it is the
most prevalent peripheral nerve disease in equids in Scandinavia.
Affected horses show knuckling of the fetlock joints due to
dysfunction of metatarsophalangeal extensor muscles, mostly in
the pelvic limbs. In severe cases, paraplegia leads to euthanasia,
with loss of about one third of the cases. Surviving cases normally
recover after a long convalescence. The pathologic features are
unique to the syndrome, with a large ﬁbre neuropathy of peripheral nerves and pathology of the myelin-building Schwann
cells. The disease is still an enigma despite scientists’ attention
and many efforts to ﬁnd its etiology. This presentation aims to
discuss factors of importance to build a hypothesis for the etiology for AEP. Speaking for an infectious or toxico-infectious etiology is the typical course of the disease with several genetically
unrelated cases appearing in one premises during a limited time
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period, and there are signs of spatio-temporal clusterings of
outbreaks [3]. Often the outbreaks start at winter time, when
horses are stabled in close contact. Also, some inﬂammatory
changes are apparent in the nerves. On the other hand, if affected
horses are moved, they do not transmit disease to new animals,
which means that direct and indirect contact is not enough to
transmit disease. Also, the horses do not display neither fever nor
changes in their leukogram or inﬂammatory markers in blood.
They are often seronegative for EHV-1, Borrelia and granulocytic
anaplasma. A similar inﬂammatory nerve disease in humans is
 syndrome (GBS), also with unknown etiology.
Guillain-Barre
However, there is evidence that GBS in humans may be an immune-mediated sequel within 6 weeks after a gastrointestinal or
respiratory infection like Campylobacter jejuni, Epstein-Barr virus, Mycoplasma pneumoniae and cytomegalovirus [4]. Sometimes vaccinations are also suggested to cause GBS. Which
subclinical or clinical infections in a horse might be candidates for
an autoimmune reaction to nerves? The main theory for AEP
today is that wrapped forage has a part in the riddle. Could a
forage-borne microbe or microbial toxin be the culprit? In
conclusion, we need to work with open minds on this riddle at
this point, and merge knowledge from various areas.
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In Argentina the viruses with veterinary importance belong
mainly to the genus Alphavirus (Eastern Equine Encephalitis virus, Western Equine Encephalitis virus) and Flavivirus (West Nile
virus); the ﬁrst showed high impact until the late 80s while the
second became important after the twenty-ﬁrst century.
Currently the Bunyamwera virus (BUNV) included within the
Orthobunyavirus genus has emerged in our country as a
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neurological pathogen and / or possible causative agents of
abortions in horses. BUNV includes 27 strains / isolates with activity around the world. In the US, Panama, Colombia and Guyana
it is documented the pathogenic potential of BUNV in both animals and humans because the infection by this virus was found
associated with the production of Central Nervous System disease, congenital malformations and abortions. In Argentina, two
strains of BUNV have been recovered from mosquitoes, (1) CbaAr426 (Cordoba, 1964/1965), and (2) AG83-1746 (Santa Fe, 1981).
Serological surveys have detected high prevalence of BUNV
infection in humans (healthy and undifferentiated febrile syndrome and neurological) as well as in domestic and wild life
animals but only febrile diseases have been reported in humans
infected by BUNV. During the autumn of 2013 in of Santa Fe
province, took place the ﬁrst outbreak by BUNV in the country,
during which occurred the death of two horses with neurological
syndrome from which 2 new strains of BUNV (SFCrEq231 and
SFBzEq232) were isolated; later (July, 2013) in the same area
another BUNV strain (SFAbCrEq238) was recovered from the
brain of an equine abortion. Serologic records in cohabiting
horses in Santa Fe province indicate a seroprevalence over 50%
(strain CbaAr-426). Genomic ampliﬁcation and the subsequent
phylogenetic analysis of a 250 bp of segment S the 3 new strains
showed 100% homology between them and 98,9% with the strain
CbaAr426 isolated in Cordoba which although is responsible for
high seroprevalence in domestic and wild life animals has not
been found associated with disease production. Moreover the
phylogenetic analysis of the complete genome of the new strains
with the other strains of BUNV available in Genbank showed a
homology of 99,4 % with strain 86MSP18 (isolated from a human
with febrile syndrome in Panama in 1985) for the Segment S. For
this ﬁnal phylogenetic analysis, the strain CbaAr426 It was not
included because the whole genome sequence is not available.
These ﬁndings highlight the circulation of new strains of BUNV in
Argentina and constitute the ﬁrst evidence of a possible association between infection by BUNV and neurological syndrome in
domestic animals for our country. Moreover, these results underline the importance of intensifying the surveillance of BUNV to
determine its likely real impact and to improve differential
diagnosis.
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Baton Rouge, LA; 2 Departments of Comparative Medicicine and;
3
Large Animal Clinical Sciences The University of Tennessee
College of Veterinary Medicine, Knoxville, TN
Equine Protozoal Myeloencephalitis (EPM) is a serious neurologic
disease in equids. Although seroprevalence has been reported to
be high in horses, the actual prevalence of disease has been
estimated between 0.5 to 1%, based on laboratory submission to
the University of Kentucky. However, incidence (number of new
diagnosed cases) of EPM in horses has not been reported. The
purpose of this study was to determine the incidence and breed of
EPM cases in equids presented to Veterinary Teaching Hospitals
(VTH) in North America and to determine if the incidence of EPM
was decreasing over time. A secondary purpose of the study was
to survey veterinary practitioners to determine if they perceive
that the incidence of EPM is decreasing over time. Equine accessions reported to the Veterinary Medical Data Base (VMDB) from
1990-2014 were used for this study. Medical records from the

VMDB (Systematized Nomenclature of Medicine [SNOMED] and
Systematized Nomenclature of Veterinary Diseases and Operations [SNVDO]) were accessed for overall EPM proportional
morbidity rates (PMR), PMR by database, PMR compared by
breed, and annual PMR from 1990-2014. Also, results of an on-line
survey questionnaire (Zoomerang.com) were summarized. The
on-line survey, containing 12 questions, was completed by equine
practitioners who were members of either the Equine Clinicians
Network (ECN) or the American Association of Equine Practitioners (AAEP) list-serves. There were 2,748 cases of EPM per
312,222 accessions resulting in an overall PMR of 0.88%, among
hospitals reporting to the VMDB during the study period. The
PMR was not signiﬁcantly different between the two databases
(SNOMED and SNOVDO). Proportional diagnoses increased from
0.293% in 1990 to 1.952% in 1997, which was a signiﬁcantly
(P<0.05) higher than the overall PMR (0.88%). Although, there
was a signiﬁcant increase in the PMR of EPM cases from 19951998, there was no evidence of a signiﬁcant temporal increase
over the 24-year study period. The PMRs were signiﬁcantly
(P<0.05) higher in Standardbreds (1.592%), Walking Horses
(1.367%), Thoroughbreds (1.314%), and Warmbloods (1.096%) than
all breeds combined (0.88%). However, the PMRs were signiﬁcantly (P<0.05) lower in Draft breeds (0.518%), Ponies (0.591%),
and Quarter Horses (0.694%), when compared to the PMR for all
breeds. For the survey, there were 221 respondents and 153 (69%)
were from private practice and 68 (31%) were from academia. The
average number of practitioners per practice was 8. Thirty-eight
percent of the equine practitioners perceived that it had not
changed over the previous 2-4 years. Our ﬁndings seem to suggest breed predispositions, with higher PMRs being observed in
Standardbreds, Walking Horses, and Thoroughbreds and lower
PMRs being observed in Draft breeds, ponies and Quarter Horses.
The majority of practitioners surveyed thought that the incidence
of EPM had either not changed or decreased in the previous 2-4
years. Although there was a signiﬁcant increase in EPM case
diagnosed from 1995-1997, it appears from these data that the
overall proportion of EPM cases has essentially not changed over
the past 24 years.

081
Practical management of EHV-1 neurological disease
outbreaks in the United Kingdom: costs and beneﬁts
from three tiers of approach
J.R. Newton*, S. Gonzalez-Medina
Centre for Preventive Medicine, Animal Health Trust, Lanwades
Park, Newmarket, Suffolk, CB8 7UU
Latent infections are the cornerstone of EHV-1’s continued success. Consequently, EHV-1, unlike equine inﬂuenza and even
strangles (S. equi) is not an infection that can be practically
eradicated from equine populations. Conﬁrmation and containment of EHV-1 outbreaks is necessary to avoid spread of infection
and to minimise the potential for signiﬁcant impact to the equine
industry from more widespread outbreaks, in particular, large and
widely disseminated outbreaks of EHV-1 neurological disease. In
recent years, experience gained through management of EHV-1
neurological disease outbreaks in the United Kingdom (UK) has
led to establishment of protocols to control the spread of disease
and minimise equine industry losses. To that end the Animal
Health Trust, working with the UK equine industry, has proposed
three possible tiers of approach as to how EHV-1 neurological
outbreaks can be practically managed. The three tiers of approach
are referred to as Gold, Silver and Bronze and whilst they are all
based on the same set of principles of Segregation of the population, Collection and Testing of samples and Observation of clinical
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disease, there are clear differences between them in terms of the
strength of evidence accrued, the time required and the costs
incurred. Segregation into smaller discrete groups is common to
all three approaches and is believed to be key to a successful
strategy through minimising the spread of disease through the
population and allowing clearance and release of quarantine
measures as soon as possible. The Gold tier option provides
insight into both the extent of recent infectious spread (based on
CFT serology) and current infectiousness (based on agent detection tests, especially PCR) in each segregated group while allowing risk management to then be optimised speciﬁcally to each
group. This option also facilitates prompt removal to an isolation
area of infectious horses from segregated groups, so reducing
likelihood of ongoing infectious transmission within the group
and overall morbidity. The Silver tier option incurs fewer costs
than the Gold option as whole blood samples are not screened for
viraemia by virus isolation (qPCR is not optimised for this purpose), but it only provides an insight into the extent of actively
shedding and exposed horses without detecting potentially infectious viraemic animals. The Bronze tier option provides a
retrospective insight into the extent of infectious spread but relies
on observation of neurological signs and/or abortions/neonatal
foal deaths to trigger further investigations, thereby potentially
missing subclinical infectious spread, which is a recognised
phenomenon in propagating EHV-1 outbreaks. This option may
be the cheapest of the three with respect to laboratory costs but
the lack of initial information about the infectious status in all
segregated groups might ultimately lengthen the time for
effecting overall control of the outbreak and depending on how
many segregated groups are further investigated, may ultimately
not signiﬁcantly reduce laboratory costs.

092
A Recombinant Fusion Protein Consisting of West Nile
Virus Envelope Domain III Fused in-frame with Equine
CD40 Ligand Induces Anti-viral Immune Responses in
Horses
S.A. Liu*1, M. Haque 1, F.M. Andrews 2, A.F. Roy 1, K.G. Kousoulas 1
1
Department of Pathobiological Sciences; 2 Equine Health Studies
Program, Department of Veterinary Clinical Sciences, School of
Veterinary Medicine, Louisiana State University, Baton Rouge,
Louisiana, USA
West Nile Virus (WNV), since its introduction in 1999, is endemic in
the US and causes severe neurologic disease in horses. There is no
effective pharmaceutical treatment for WNV infection, so vaccination is the only approach to prevention and control of disease. The
purpose of this study was to evaluate a recombinant vaccine containing Domain III (DIII) of the WNV envelope glycoprotein with
and without a natural adjuvant CD-40L in producing virus
neutralizing antibodies in horses. Fifteen Thoroughbred horses
were randomly divided into ﬁve groups and were immunized per
the schedule in Table 1. Venous blood samples were collected from
each horse prior to vaccination, the 1 and 2 weeks after initial
vaccination, and biweekly thereafter to 16 weeks. Serum IgGa
concentration in horses vaccinated with the DIII-CD40L+TiterMax
and DIII-CD40L groups were increased after the second booster
vaccination and were signiﬁcantly (p<0.05) higher compared to
other groups. Serum IgGb and IgG(T) concentrations were not
signiﬁcantly increased during the experimental period among all
groups. Western blot results showed that DIII-CD40L protein (with
or without TiterMax) groups had the highest speciﬁc anti-DIII
antibody activities after vaccinations. Moreover, the groups
immunized with DIII-CD40L protein (with or without TiterMax)
showed stronger neutralization activity and were signiﬁcantly
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(p<0.05) higher compared to other groups starting from Week 8.
The results demonstrated that vaccination with recombinant WNV
E DIII-CD40L protein induced speciﬁc immune response in healthy
horses that might be protective against WNV-associated disease.
CD40L could be utilized as a non-toxic, alternative adjuvant to boost
the immunogenicity of subunit vaccines in horses.
Table 1
Vaccination schedule
Group

# of
horses

1st vaccination
Week 0

2nd vaccination
Week 2

3rd vaccination
Week 6

1

3

N/A

N/A

2
3
4

3
3
3
3

0.2mg DIII
0.2mg DIII+T
0.2mg DIIICD40L
0.2mg DIIICD40L+T

0.2mg DIII
0.2mg DIII
0.2mg DIII-CD40L

5

1ml Vetera®
Gold + VEE
0.2mg DIII
0.2mg DIII+T
0.2mg DIIICD40L
0.2mg DIIICD40L+T

0.2mg DIII-CD40L

T: TiterMax adjuvant was purchased from CytRx Corporation.

140
Effect of age and vaccination status of the dam on the
serological response of foals to vaccination with an
activated rabies vaccine
W.D. Wilson*, J.E. Edman
Department of Medicine and Epidemiology, School of Veterinary
Medicine, University of California, Davis, CA 95616
Vaccination of domestic animal against rabies is important for
preventing this fatal infection, which in turn reduces the risk of
human exposure in rabies-endemic areas. These public health
concerns provided the main impetus for the American Association of Equine Practitioners (AAEP) to include rabies as a core
vaccine for all horses in North America in its vaccination guidelines. The result is that a higher proportion of horses, including
broodmares, are now rabies antibody-positive, as are their foals
via passive transfer of maternally derived antibodies (MDA).
Current label recommendations for primary vaccination against
rabies include administration of one dose of inactivated vaccine at
three months of age or older, followed by a second dose at one
year of age. MDA has been shown to inhibit the response of threemonth-old foals to inactivated vaccines directed against several
important equine pathogens; however, the impact of MDA on the
response of foals to rabies vaccine has not previously being
investigated. The serologic response to two doses of an inactivated rabies vaccine administered one month apart was evaluated
using the rapid ﬂorescent focus inhibition test (RFFIT) in threemonth-old and six-month-old foals born to rabies-vaccinated
mares. Foals from non-vaccinated mares served as antibodynegative controls. Rabies antibodies were not detected in samples
collected before vaccination from foals born to non-vaccinated
mares. In contrast, high titers of antibody were present in postnursing samples from foals born to vaccinated mares. Titers
declined with a half-life of approximately 30 days; however,
rabies antibody was still detectable at six months of age in most
foals. Both three-month-old and six-month-old foals from nonvaccinated mares mounted a substantial serolologic response
after administration of one dose of vaccine, and experienced a
further increase in titer after administration of the second dose
four weeks later. In contrast, MDAs present at the time of initial
vaccination completely blocked the response of three-month-old
foals from vaccinated mares to administration of two doses of
vaccine. The response of these foals to a third dose administered
at one year of age was much poorer than the response seen in
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foals lacking MDA, suggesting that the ﬁrst two doses of vaccine
failed to prime the immune response. Whereas six-month-old
foal from vaccinated mares did not typically show seroconversion
in response to one dose of vaccine, all mounted a measurable
response to the second dose. Based on the results of the study,
three-month-old foals from vaccinated mares may be left unprotected if label directions for administration of a single dose as
early as 3 months of age are followed. Vaccination of foals of
rabies-vaccinated mares should be delayed until six months of
age or older and should include two doses of vaccine in the primary series, rather than the recommended one dose, in order to
consistently achieve satisfactory priming.

209
Stable enzootic transmission levels of West Nile virus in
free ranging birds from rural and urban sites in the
province of Cordoba
A.I. Quaglia, F.S. Flores, M.S. Contigiani, L.A. Diaz*
Laboratorio de Arbovirus, Instituto de Virology “Dr. J. M. Vanella”,
Facultad de Ciencias Medicas, Universidad Nacional de Cordoba,
Ciudad Universitaria X5016, Cordoba, Argentina
West Nile virus (WNV) became an important arbovirus pathogen
for equines for the American continent since its introduction in
1999. However, a worldwide emergence as an equine pathogen is
shows form last 5 years. In Argentina, ﬁrst evidence of native
circulation was registered in 2004 in birds and 2006 in equines.
With the aim to corroborate the enzootic transmission of WNV in
its potential avian hosts we survey avian sera collected in rural
(Mar Chiquita lagoon) and urban (Cordoba city) areas of Cordoba
province. Sera collections were carried out in both places during
summer and fall in 2005 and 2012 (Mar Chiquita) and in 2005 and
2013 (Cordoba). WNV seroprevalence increased between years in
Cordoba (2.6% [2005] vs. 3.3% [2013]) and Mar Chiquita (2.8
[2005] vs. 3.7 [2012]). In Cordoba city 18 bird species were
detected infected being the most seroprevalence Cattle Tyrant
(Machetornis rixosus), Rufous Hornero (Furnarius rufus) and
Creamy-bellied Thrush (Turdus amaurochalinus). On the other
hand only 9 seropositive bird species were found in Mar Chiquita.Grassland Yellow-ﬁnch (Sicalis luteola), Picui ground dove
(Columbina picui) and Rufous Hornero (Furnarius rufus) were the
most found frequently infected. Our data suggest that WNV is
actively transmitted in urban and rural areas in the central region
of the province of Cordoba, using free ranging birds as potential
amplifying hosts. The exotic West Nile virus was introduced in
Argentina in 2004. Evidences support its wide dispersion and
successful establishment in the north and central region of the
country. However, neither massive bird mortality events nor
equine and human epidemic events were reported. There is no
evidence regarding this discrepancy with the United States.
Further ecological and virological studies are needed to elucidate
factors inﬂuencing its epidemiological behavior.

Posters
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IgM and IgG Responses in Horses and Pony Foals after
Vaccination for West Nile Virus and Eastern Equine
Encephalitis
F.M. Andrews*1, D. Shannon 1, S. Lyle 1, M.L. Keowen 1, R.
Keene 2, S. Grubbs 2, A. Roy 3
1
Louisiana State University, Equine Health Studies Program, Baton
Rouge, LA 70820; 2 Boehringer Ingelheim Vetmedica, St. Joseph,
MO 64506; 3 Louisiana Animal Disease Diagnostic Laboratory,
Baton Rouge, LA 70803

West Nile (WNV) and Eastern Equine Encephalitis (EEE) Viruses
are endemic in the US and cause neurologic disease in horses.
Diagnosis is based on clinical signs and a serum capture ELISA IgM
titer >1:400. Vaccination of horses and foals with WNV and EEE
vaccines might illicit an IgM antibody response that could interfere with the capture ELISA diagnostic test, especially if horses
and foals are tested after vaccination. The hypothesis of this study
is horses and foals vaccinated with a multivalent vaccine containing WN and EEE antigens will not elicit an IgM antibody
response of >1:400. Six adult horses (8e25 years) and six 4
month old pony foals and their dams were used in the study. Both
horses and foals were vaccinated with a commercially available
combination vaccine (Vetera® Gold, Boehringer Ingelheim Vetmedica, St. Joseph, MO) containing killed WNV and EEE antigens.
Adult horses and dams of the ponies had a yearly history of
vaccination, whereas the pony foals had not been previously
vaccinated. Blood samples were collected from the jugular vein of
the horses, dams and foals on Days 0 (prior to vaccination), 7, 14,
and 21 days after the 1st vaccination. On day 21, foals were given a
booster vaccination and additional blood samples were obtained
days 7, 14 and 21 post booster vaccination. In addition, blood
samples were obtained from the foal’s dams at the same days and
were used as sentinels for virus exposure, as foals and dams were
housed together in a pasture. Blood samples were centrifuged and
serum collected and frozen at 80 C until shipment. Serologic
assays for WNV and EEE, including IgM antibody capture ELISA
(MAC-ELISA) and Plaque Reduction Neutralization Assay (PRNT),
were performed at the National Veterinary Services Laboratory
(NVSL) in Ames, IA, USA.
All MAC-ELISA titers for WNV and EEE were negative at 1:400
for the horses, foals and foal’s dams during the study period. In
the adult horses, PRNT titers ranged from 1:10 to >1:100 for EEE
and was >1:100 for WNV at all days. In the pony foals, PRNT titers
to EEE and WNV ranged from negative to 1:10 prior to vaccine
administration to >1:100 after the second vaccination. One foal
had negative PRNT titers to EEE throughout the experiment.
Vaccination with a multivalent vaccine containing WNV and EEE
elicited an antibody response in horses and pony foals. However,
vaccination did not increase IgM titers >1:400, 7 days after
vaccination in the horses or ponies and after 2nd vaccination in
naïve pony foals. Therefore, vaccination does not interfere with
serologic testing for naturally occurring WNV and EEE infections.

029
Proline residue at NS3249 is a primary determinant of
West Nile virus virulence in mammals and birds
C. Bahuon+*1, M. Dridi+ 2, B. Lambrecht 2, S. Lowenski 1, S.
Zientara 1, T. Van Den Berg 2, S. Lecollinet 1
1
UMR1161 Virologie, ANSES, INRA, ENVA, 23 avenue du G
en
eral de
2
CERVA-CODA,
Gaulle,
94703
MAISONS-ALFORT,
France;
Groeselenberg 99, 1180 Brussels, Belgium
+These authors contributed equally to the work
West Nile virus (WNV) is a neurotropic ﬂavivirus mainly transmitted through mosquito bites and whose reservoir hosts are wild
birds. Equids and humans are incidental dead end hosts and can
develop severe neurological symptoms in 1-10% cases. Despite
enhanced reporting of WNV outbreaks in Europe during the past 5
years, much remains to be explored about the virulence level and
determinants of WNV strains circulating in Europe. Of note,
expanding lineage 2 virus has gained a proline residue at position
249 in the non-structural 3 (NS3) protein and has caused the worst
epidemics ever experienced in central and Southern Europe
(Greece, Serbia,…). Interestingly, Brault et al. (2007) identiﬁed
NS3249P as being crucial for the virulence of WNV in American
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crows. An infectious clone, based on WNV lineage 1 IS-98-ST1, a
highly neuroinvasive strain, harbouring NS3249P, was constructed
(Bahuon et al., 2012) and a NS3P249T mutant was generated by
directed mutagenesis. We aimed at deciphering the properties of
recombinant viral particles in vitro and in vivo, in mammalian and
bird models (Dridi et al., 2013). In Vero cells, virus with a NS3249T
protein proved to replicate at a slower rate than the parental
NS3249P virus. When injected intraperitoneally in female Balb c/J
mice, parental virus was found to be highly virulent (Lethal Dose 50
(LD50) < 1 pfu), while only 4 out of 20 animals infected with the
NS3249T virus succumbed, regardless of the initial infecting dose (1103pfu). Mice infected with NS3249T virus experienced milder
clinical and virological outcomes, with delayed and non fatal
weight loss as well as decreased viremia 4 days pi (1.4x103 vs
3.2x104 viral copies/mL blood). Birds, e.g. one-day old chicks and
young corvids (Corvus corone), also indicated that NS3249T virus
was attenuated for model and susceptible European birds. In
particular, in young crows, 16.7% (1/6) animals died after subcutaneous infection with NS3249T virus whereas a 100% lethality (7/7)
was observed with parental NS3249P virus. The presence of a Proline
residue at position 249 in NS3 appears as a primary determinant for
WNV virulence in wild birds, as well as in mammals and could be a
genetic factor accounting for enhanced reporting of WNV neuroinvasive diseases in humans infected by WNV in Europe.
This project is funded by the EU grant HEALTH.2010.2.3.3-3
Project 261391 EuroWestNile.

References
s P., Pardigon N., Panthier J.J., Cor[1]. Bahuon C., Despre
donnier N., Lowenski S., Richardson J., Zientara S.,
Lecollinet S. (2012). IS-98-ST1 West Nile virus derived
from an infectious cDNA clone retains neuroinvasiveness and neurovirulence properties of the
original virus. PLoS One. 7(10):e47666. doi: 10.1371/
journal.pone.0047666. Epub 2012 Oct 23.
[2]. Brault A.C., Langevin S.A., Bowen R.A., Panella N.A.,
Biggerstaff B.J., Miller B.R., Komar N. (2004). Differential virulence of West Nile strains for American crows,
Emerg. Infect. Dis. 10:2161e2168.
[3]. Dridi M., Vangeluwe D., Lecollinet S., van den Berg T.,
Lambrecht B. (2013). Experimental infection of Carrion
crows (Corvus corone) with two European West Nile
virus (WNV) strains. Vet Microbiol. 165(1-2):160-6.
076
Type 1 Equine Herpesvirus encephalomyelitis outbreak
in a horse farm in Minas Gerais, Brazil
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Equine Herpesvirus (EHV) is an important pathogen that infects
horses. Clinical signs may be due to respiratory or reproductive
tracts infection. EHV belongs to the family Herpeviridae, sub
family Herpevirinae and Varicellavírus genus. There are ﬁve
types of EHV known as Equine Herpesvírus types 1, 2, 3, 4 and 5.
All of them are capable of causing latent infections, that means,
once infected, the horse will be infected during all its life,
without any clinical signs. Reactivation of the virus may occur,
mostly after a stressful events as well as transportation,
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pregnancy, dietary changes, etc. Before the appearance of clinical
signs, latent infected animals are an important sources of
contamination trough other horses in the farm. Foals may be
infected during in uterus life, after birth, placenta and fetal
membranes have a large amount of viral particle that may infect
susceptible horses. When in the central nervous system the virus
causes a encephalomyelitis by destroying endothelial cells and
neurons. The aim of this paper was to report an EHV e 1
encephalomyelitis outbreak in a Mangalarga Marchador horse
farm in Pedralva, Minas Gerais, Brazil. Abortion and respiratory
disease were reported in the farm. In 2015 march, a 4-month foal
was presented with clinical signs like hind limb paresis, urinary
incontinence, feces retention. After two days of nurse care, the
animal presented lateral decubitus. Another foal at the same age
presented same sings one month after. Three mares, that was
suspected of having the illness had their blood collected for PCR
analysis. One of them reacted positive for EHV e 1. So far, four
animals presented clinical signs of EHV - 1 and all of them were
euthanized. It is clear that the virus had caused the disease in
those animal and control measures should be taken to avoid new
cases and deaths in the farm.
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Arboviral Infections (Eastern Equine Encephalitis,
Western Equine Encephalitis, Venezuelan Equine
Encephalitis and West Nile Encephalitis) in horses of
Costa Rica
nez*1, M. Romero 1, M. Baldi 1, M. Piche 1, A. Alfaro 2, A.
C. Jime
 n 3, S. Hutter 3, E. Corrales 4
Chaves 2, J. Morales 2, B. Leo
1
Tropical Disease Research Program, School of Veterinary Medicine,
National University of Costa Rica; 2 Department of Pathology, School
of Veterinary Medicine, National University of Costa Rica; 3 National
Service of Animal Health, Ministry of Agriculture of Costa Rica;
4
Laboratory of Medical Virology, University of Costa Rica
Viruses of the genus Alphavirus and Flavivirus can cause febrile
illness and in some cases, neurological disease in both humans and
animals. West Nile Virus (WNV), Eastern Equine Encephalitis Virus
(EEEV), Western Equine Encephalitis Virus (WEEV) and Venezuelan Equine Encephalitis (VEEV) are endemic in the Mesoamerican region and the local appearance of these viruses is
regulated by the amount of vectors and reservoirs. The objective of
this research was to establish the etiologic agents associated with
the presentation of arboviral neurological disease in horses of
Costa Rica during 2009-2014 and to establish the seroprevalence
of these arbovirus in a representative sample of horses nationwide.
141 outbreaks of neurological disease in horses were studied and a
total of 201 serum samples were analyzed by IgM capture ELISA
resulting in the diagnosis of 4 cases of EEEV, 79 cases of VEEV and
11 cases of WNV. Besides the national seroepidemiological study of
246 sera by ELISA IgG reﬂects the following prevalences: 57%
WNV, EEEV 62%, VEEV 43% and WEEV 17% reﬂecting the wide
dissemination of these arboviruses in Costa Rica.

183
Disseminated cryptococcosis in an Arab horse in the
UAE
M. Joseph 1, U. Wernery 1, N. Nogradi 2, J. Kinne 1
Central Veterinary Research Laboratory, POB 597, Dubai, UAE;
2
Dubai Equine Hospital, POB 9373, Dubai, UAE

1

An adult Arab gelding was diagnosed with disseminated cryptococcosis, including pneumonia and CNS signs. After 2 months of
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Fig. 1. Lung with grayish consolidated areas and large, yellowish, septated,
jelly-like mass.

medical therapy, it continued to deteriorate and was euthanized
on human grounds. Necropsy revealed enlarged lungs with
massive edema and grayish consolidation of the entire right lung
containiang a large, septated jelly-like mass (15 cm in diameter;
Fig. 1) and a jelly-like mass (5x2x2 cm) in the brain near the
choroid plexus (Fig. 2). Massive ﬁbrinopurulent inﬂammation
with numerous round yeast-like organisms with broad halo,typical for Cryptococcus neoformans was found by histology of
the septated jelly-like lung mass as well as in the brain lesions.
Cryptococcus neoformans (++ to +++) was cultured on Sabouraud
Agar from lung and brain, but not from liver, spleen, kidney and
choanae. Additionally, Klebsiella pneumoniae ssp. pneumoniae
(++++) and Streptococcus equi ssp. zooepidemicus (+++) was
isolated from lung, liver, spleen, kidney, brain and choanae.
Cryptococcus neoformans is a yeast-like fungus, typically surrounded by a thick mucopolysaccharide capsule in host tissue.
Cryptococcosis occurs worldwide; the source of the infection is
believed to be soil, especially in areas contaminated by pigeon or
other bird feces. All species of animals can be affected, but cats
are affected more frequently than other domestic animals. The
respiratory tract is the usual site of primary infection, the nasal
cavity being affected more often than the lungs. From the respiratory tract, the yeast can disseminate by hematogenous routes
throughout the body; however, it has a predilection for the
central nervous system. A similar case of cryptococcal

Fig. 2. Brain with yellowish, jelly-like mass near the choroid plexus.Ă

granulomatous pneumonia and meningitis has been reported in
an equine racing center located in an urban area of Brazil (Del
Fava et al., 2011). Pigeon nests and feces were observed in the
ledges and in the stable roofs. The pigeons usually ate the remains of equine food (seeds, grains) from the feed troughs,
contaminating the feed and water troughs with their feces. A
similar situation was observed in our case as the horse came
from a remote desert stable. Cryptococcosis has not been previously reported in the UAE (Cogliati, 2013). However, it should
be considered as a differential diagnosis for pneumonia and
meningitis, particularly in endemic regions.
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Molecular characterisation of British Equine Infectious
Anaemia cases, 1975-2012.
D.L.W. Robinson, F. Steinbach, B. Choudhury*
Department of Virology, APHA Weybridge, GB
Equine Infectious Anaemia Virus (EIAV) is the aetiological agent of
equine infectious anaemia (EIA), a disease which is notiﬁable
within the EU and to the OIE. In GB, EIA cases were reported in
1975-1978; then followed a disease free period until 2010 and
2012 when 6 positive animals were identiﬁed. As a member of the
family Retroviridae and genus lentivirus, EIAV shares the lentiviral trait of low ﬁdelity polymerases leading to transcription/
translation errors and hence considerable genetic variation. Such
variation has hampered development of molecular diagnostics
with focus remaining on serological detection. Another limiting
factor has been lack of publically available sequence data, with
such data focused on e.g. American strains or molecular clones. As
there is also currently no sequence data available for British cases
our intention was to conduct full genome sequencing of these
cases. A combination of Sanger and next generation sequencing
(NGS) was employed in order to determine the sequence. Via
Sanger sequencing only small genomic fragments could be
recovered hence efforts were refocused on NGS using the Illumina
MiSeq platform. Mapping projects initially utilised multiple
reference sequences to compensate for sequence variability, the
areas that mapped reads were cut and pasted together to create a
“hybrid” sequence which was sequentially run through mapping
projects, each time extending reads and adjusting the consensus
to match the viral reads. For phylogenetic analysis and evaluation
of sequence diversity the British sequences were aligned with
others from multiple geographical origins using the MEGA 5
software. It was possible to obtain full genome sequences from
symptomatic cases in 1975, 2010 and 2012. Phylogenetic analysis
of full genome sequences revealed that each British case formed
its own branch on the tree as did sequences from America, China,
Ireland and Japan. Almost an equal distance was observed between each of the isolates with nucleotide homology of 75-79%.
This poses the question as to whether these 7 sequences are
representative of the global EIAV genetic variation picture or
whether addition of further sequences will highlight a greater
level of genetic variation. Nucleic acid identity of the full genome
sequences varied between individual genes and ranged from 46%
(P9) to 98% (protease). The highly variable nature of EIAV made
the use of primer walking sequencing strategies laborious
whereas via NGS attaining full genome from a single sequencing
run was relatively straightforward. However as noted here it is not
without its problems as signiﬁcant viral load is required to overcome the high host background typical of clinical extractions
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rendering sequencing of asymptomatic cases problematic. As the
British asymptomatic cases provided little or no sequence reads,
investigation is ongoing into strategies to elucidate these sequences. Currently EIAV diagnosis relies solely on serological
testing; increased genetic information from diverse sources
should enable PCR design that will reliably detect a wide range of
strains thus facilitating diagnosis and epidemiological analysis of
outbreaks.
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Characterization analysis of two monoclonal antibodies
against equine infectious anima capsid protein
Zhe Hu, Hao Chang, Meiyue Wang, Shuang Li, Xiaoyu Chu, Jia
He, Xiaojun Wang*
State Key Laboratory of Veterinary Biotechnology, Harbin
Veterinary Research Institute, the Chinese Academy of
Agriculture Sciences
Equine infectious anemia (EIA) is a contagious viral disease of
equids caused by equine infectious anemia virus (EIAV). The most
infected horses eventually become asymptomatic carriers during
their lifetime. Therefore the serological diagnosis is important on
the epidemiological investigation of EIAV. The capsid protein
(p26) is highly conserved among EIAV isolates and considered as a
useful marker for the diagnosis of EIAV. In our previous study, two
anti-p26 MAbs (1G11 and 9H8) have been used as key components of antigen-capture ELISA (AC-ELISA) for the quantiﬁcation
of EIAV viral load [1]. The objective of this study was to evaluate
these two MAbs for the development of a new method on the
detection of ant-EIAV antibodies in equine serum.The speciﬁcity
of 1G11 and 9H8 MAbs was determined by western blotting. The
results showed that two MAbs recognized a 26-kd capsid protein
band of EIAV, but not other equine infectious virus including
equine inﬂuenza virus, equine arteritis virus, Equine herpesvirus
1, Equine herpesvirus 4. The afﬁnity constant and relative afﬁnity
of MAbs were measured by non-competitive ELISA and NaSCN
elution assay, respectively. The results showed that the afﬁnity
constant for 9H8 and 1G11 were 1.5610^7 and 2.5810^6
respectively; MAb 9H8 was considered to be a high-afﬁnity
antibody, while 1G11 was a medium-afﬁnity antibody; the relative afﬁnities were about 3.4mM of NaSCN for 9H8 and 2.4mM for
1G11.The antigenic epitopes recognized by MAb 1G11 or 9H8
were conﬁrmed by western blotting using contiguous overlapping peptides of EIAV p26. Afterwards, the precise epitopes
were determined by removing amino acid residues one by one
from the carboxy and amino terminal of the shorten fusion proteins. The minimum linear epitopes of MAb 9H8 and 1G11 were
located in 73-81aa and 199-218aa of capsid protein respectively.
To investigate the homology among the identiﬁed linear p26
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protein epitopes, the sequence alignment of p26 protein was
performed for four major monophyletic groups isolated in North
American, China, southern Japan and Ireland respectively. The
alignment analysis revealed that the deﬁned linear epitopes were
not highly conserved. The corresponding mutants were constructed and expressed in HEK293T cells. The cross-reactivity
between MAbs and their respective variant epitopes was
analyzed with western blotting and AC-ELISA. The results showed
that 9H8 could only recognize EIAV strains isolated from China
and Japan, while 1G11 could react with all the four EIAV strains.
This result indicated that 1G11 have a broadly recognized capacity
to p26 epitope from different EIAV strains and could serve as a
useful tool for the development of new methods on the anti-EIAV
antibody determination.

tissues lesions were characterised by lymphomonocyte inﬁltrates
and moderate hemosiderosis in the cytoplasm of macrophages
and Kupffer cells. From the results of this study, in view of viral
peaks these animals presented as a consequence to stress related
conditions, it is evident that even this hybrid species in the
chronic phase of EIA, may act as potential reservoir of EIAV that is
independent from their serological pattern. Moreover, animals
with an equivocal serological response will probably go undiagnosed unless tests with higher sensitivity, such as the ELISA, are
not routinely employed in the diagnosis of suspect cases and in
surveillance programmes.
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EIA is a disease affecting equidae, including the mule were information relative to the characteristics of the evolution of EIA in
this hybrid species is scarce [1] with descriptions regarding a
limited number of naturally and experimentally infected animals.
Also, extensive studies on the effects of immune suppression exist
only for horses and donkeys. This study reports the clinical,
virological and histological ﬁndings of EIA in ten naturally infected mules that were divided into two groups on the basis of their
serological reactivity in the agar gel immunodiffusione test
(AGIDT): Group P were mules with a clear positive reaction, while
Group N, those with an equivocal or negative in AGIDT as
described in a previous paper [2]. On recruitment, none of the
mules presented evident EIA clinical signs. Both groups underwent pharmacological immune suppression (IS), using dexamethasone (Rapison®) (0,11 mg/kg bw/die) for 8 to 10 days, to
investigate the correlations among these characteristics in view of
the risk such animals could represent in the transmission of EIA.
Clinical evolution was evaluated by hyperthermia and thrombocytopenia, together with alteration of the general condition of the
animal. The total observation period lasted for a minimum of 84
days, divided in 56 days pre-IS and 28 days post-IS. Viral replication was assessed using a quantitative real time PCR, in terms of
viral RNA (vRNA) copies in the plasma pre and post-IS and viral
DNA (vDNA) loads in the tissues of different organs (brain, lung,
heart, spleen, liver and kidney) on slaughter of the animals that
were also examined for gross and histological lesions. Mules
belonging to both serological groups had ﬂuctuating vRNA loads
with intervals of negativity independently from the IS period.
VRNA peaks, prevalently occurring post-IS, were usually
concomitant to hyperthermia and thrombocytopenia. The major
tissue vDNA loads were conﬁrmed by the highest vRNA activity in
the same animals, with the spleen presenting the highest levels.
No relevant gross lesions were observed, while, microscopically,
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Equine Infectious Anemia virus (EIAV) belongs to the Retroviridae
family, genus lentivirus as human immunodeﬁciency virus (HIV).
EIAV infects horses, donkeys and mules and has a worldwide
distribution. The virus is responsible of a persistent infection
associated with clinical signs such as fever, anorexia and anemia.
Non symptomatic horses are contagious and act as a viral reservoir. Consequently, positive horses need to be isolated before
euthanize them. In 2012, the French laboratory network approved
by the ministry of agriculture to perform the serological diagnosis
of equine infectious anemia (EIA), completed 15,691 tests using
Agar Gel Immuno-Diffusion (AGID). Twenty seven of these tests
were positive for EIA and involved eight horses kept in the Gard
and Vaucluse counties in two little towns, approximately 50 kilometers away from each other. The surveillance plan implemented following those cases led to the testing of more than 500
horses in those two counties. Phylogenetic analysis of the isolates
collected from the infected equids shows that the cases reported
in the Gard and Vaucluse counties in 2012 are independent. Even
if these two cases are only a few kilometers away, molecular
characterization of viral isolates shows that they are different and
do not present a common origin. Those data conﬁrm the information collected during surveys that showed no epidemiological
link between the two premises.

195
Seropositivity of Equine infectious anemia by 2005 to
2014 in provinces of north-west of Argentina
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1
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Equine infectious anemia (EIA) is a disease caused by a lentivirus
speciﬁc from equidae family. It had been diagnosed in all continents except in Antarctica. Morbidity and mortality depends on
the sensibility of the population and the virus strains. The clinics
symptoms of the acute presentation tend to be unspeciﬁc and
infected horses often recover and remain as chronic carriers. EIA
virus (EIAV) infection can result in either an acute or chronic
(swamp fever) disease that typically transitions to a life-long,
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unapparent (asymptomatic) infection. The virus of EIA is
transmitted by blood or contaminated blood derivatives, but in
the nature the main way of transmission is by bloodsucking
insects. Diagnosis is based on serological testing, being the agar
gel immunodiffusion test (AGID) the test prescribed by OIE for
international trade of horses. The purpose of this study was to
evaluate EIA presentation in northern-west provinces of
Argentina, based on results of AGID from serum samples. The
results were compiled from a laboratory which belongs to a net
of laboratories regulated by the sanitary authorities (SENASA)
and is located in Corrientes city. Datum obtained correspond to
56.391 samples obtained from equines of Corrientes
(n¼48.661), Misiones (n¼6.722) and Chaco (n¼1.008) provinces, analyzed between 2005 and 2014. A total of 1.954 animals
were positives in this period. Percentage of positivity (PP) was
determinate, discriminated by province and year. The average
PP was determinate by province for the period between 2005
and 2012.In all cases, tendencies shows the decrement of PP
from 2005 to 2012 (Misiones, Chaco) or 2014 (Corrientes). In
Corrientes province, the rank of PP was 6,03% (2005) to 1,24%
(2013); in Misiones was from 4,25% (2005) to 0,8% (2010) and in
Chaco was from 20,05% (2008) to 0% (2005 and 2006). The
average PP for the period between 2005 and 2012 was 3,77%, 3,
35% and 5,91% in Corrientes, Misiones and Chaco, respectively.
Since that analysis was made from a non-randomly sampling
from serum that arrives to diagnosis in laboratory, this ﬁndings
cannot be expressed in terms of prevalence. For the same reasons, the PP reached is lower than those reported for equines of
the same areas in prevalence studies, because the animals that
are frequently controlled are those destined to sports and shows
activities and their situation does not reﬂect what occurs in
equines destined to do farm tasks, which are often excluded
from controls and where the disease prevalence is higher. This
analysis shows, however, a tendency which is in agreement
with reported by other authors for the provinces studied, with a
higher prevalence in Chaco when compared with Corrientes and
Misiones provinces.
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Equine Infectious Anemia: seroprevalence
Northeastern region of Argentina
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Equine Infectious Anemia (EIA) also known as “swamp fever” is a
life threatening disease which affects members of the Equidae
family and has worldwide distribution. Deﬁnitive diagnosis is
made with serologic testing; the agar gel immunodiffusion test
(AGID) is the prescribed test by OIE. The goal of the present work
was to determinate the prevalence of EIA infection among work
horses in three cattle farms situated in the Northwest of Corrientes. A sample of whole blood was obtained from all the horses
(n¼212), and the AGID test was carried out. One hundred and
nineteen horses were found infected (AGID positive). Regarding
the prevalence of infection in each farm, it was 69% (82 out of 119)
in San Luis del Palmar, 44% (34 out of 78) in Empedrado and 0%
(no AGID positive animals were found among a total of 15 horses)
in Santa Lucia farm. The range of infection was from 0 to 69%. The
region environment has the same characteristic in the three
premises, high humidity, warm temperatures through the year
and high density of arthropods, members of Tabanidae family,
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well known as mechanical vectors for the EIA virus. It is a
remarkable fact that in an endemic region herds can coexists,
ones being infected with high prevalence and others being EIA
free. This sanitary status, however, is more frequent in sports
animals because they are more controlled in order to compliment
sanitary regulations. It is important, in endemic areas, to carry out
studies that evaluate infections dynamics.
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Serologically silent, occult equine infectious anemia
virus (EIAV) infections in horses
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Samples from 59 clinically normal horses stabled at ﬁve separate farms in the Santa Fe Province of Argentina were analyzed
to compare molecular and serological based techniques for the
diagnosis of Equine Infectious Anemia Virus (EIAV). Of these 26
(44.1%) were positive in ofﬁcial AGID tests and/or gp45/gp90based ELISA. Surprisingly, 18 of the 33 seronegative horses
produced positive results in a PCR directed against viral sequences encoding gp45 (PCRe +ve/AGIDe -ve) and only one of
these seroconverted during a subsequent two year observation
period. The fact that nucleic acid sequences were ampliﬁable in
7 of the 18 animals with EIAV gag gene speciﬁc primers recommended by the OIE and 2 of these 7 horses, produced positive reactions with oligonucleotide primers directed
predominantly against the 5’ untranslated region of the viral
genome suggest these results were not an artifact produced by
the original PCR-based test. Furthermore sufﬁcient quantities of
serum were available from 8 of these horses to conﬁrm their
negative serological status in sensitive Western Blot tests using
puriﬁed EIAV particles as antigen. Studies involving 7 of the
PCRe +ve/AGIDe -ve horses to measure lymphocyte proliferation in the presence of PHA showed no signiﬁcant differences
between this group and control animals. In addition, lymphocytes from 2 of these 7 horses responded to peptides derived
from gp90 and gp45. Together these results demonstrate that
apparently clinically normal horses with no gross signs of immunodeﬁciency in terms of T helper-cell function can remain
seronegative for at least 24 months while harboring EIAV speciﬁc nucleic acid sequences.
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Previous Italian National Surveillance Programme (NSP) for EIA
was based on annual testing of around 230,000 equidae. As from
2013, surveillance is regulated at Regional level and different
strategies may be adopted. Supported by data collected from the
seven-year NSP, Latium adopted a RBS testing all animals of
following categories, a) work-equidae; b) equidae of muleholding farms; c) never-tested animals; d) slaughtered equidae;
e) equidae within a 3-km radius from outbreaks. Aims of presentation are evaluation of control level, prevalence trends and
effectiveness of RBS (2013-2015) for its implementation within
national Regulations. Seroprevalence trends were evaluated
using Chi Square Test for linear trends of proportions, (CL 95%;
p<0.05). Odds Ratios (ORs) were estimated for EIA infection risk
for each species and attitudes. Sensitivity of the RBS was
assessed against the 2012 Regional prevalence. Deﬁnitions
adopted were: case; seropositive conﬁrmed animal, outbreak;
at least one seropositve. Although, the mean number of individual (71% - horses; 54% - mules and donkeys) and farms (64%)
tested in Italy, between 2013-2015 (preliminary data) were
considerably reduced, EIA seroprevalence did not vary signiﬁcatively. Outbreaks decreased from 43 (2012) to 26 (2014),
while incidence remained stable. In Latium, a reduction of 83%
(mean 5,165 VS mean 30,712) and 40% (mean 425 VS mean 722)
of controls respectively for horses and mules between the national and the regional surveillance was registered. In contrast
with the national trend, from 2012 to 2014, the Latium seroprevalence signiﬁcatively increased from 0.04% (CI 95% 0.020.08) to 0.3% (CI 95% 0.16-0.55) in horses and from 1.67% (CI95%
0.79-1.39) to 3.35% (CI 95% 1.87-3.71) in mules. Compared to
2012 (20/5,448¼0,37%), a 75% reduction of controlled farms was
registered (mean 1,428 VS mean 5,687), with a signiﬁcative
increase of outbreak incidence respectively in 2013 (14/
1,768¼0,79%) and 2014 (10/1,087¼0.92%). The RBS assumptions
were conﬁrmed as farm holdings detaining work-equidae
resulted 10 times more at risk of EIA (OR 9.9; CI95% 3.1-31.4).
Animals tested at slaughter in 2013 and 2014, were respectively
7% (n¼544) and 20% (n¼745), with 50% of the total cases of 2014
(9/18) recruited from abattoirs, 3 were from 2 previously
negative farms, representing 20% (2/10) of the 2014 outbreaks.
Applying the incidence of outbreaks observed in 2012-2014,
only 4 outbreaks out of 1,087 holdings controlled were expected
in Latium. Considering a stable true EIA prevalence in the period
2012-2014, the RBS recruited 6 outbreaks more, with a 60%
higher sensitivity, conﬁrmed by the preliminary data of 2015.
During 2013-2014, 40% of outbreaks were from Latium, result of
the testing of 6.5% of farms controlled in the whole country.
While RBS signiﬁcantly decreases surveillance intensity, the
targeted controls guarantee equal or higher sensitivity than the
former NSP, conﬁrming the validity of the approach and its cost/
effectiveness in support of its adoption at National level.
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According to recent studies, the prevalence of Equine Infectious
Anemia virus infection (EIAV) in Argentina is variable, presenting
a regional distribution. While the northern region is considered a
high prevalence zone Buenos Aires province is considered a low
prevalence zone. National animal health regulations to control
EIAV infection in Argentina enforce the notiﬁcation of every EIAV
positive case, as determined by the OIE prescribed agar gel
immunodiffusion test (AGID), to the National Animal Health Authorities (SENASA), along with the immediate euthanasia of
conﬁrmed cases and the strict quarantine of the affected premises. The training centre of San Isidro Racecourse permanently
hosts a Thoroughbred population (n: 2200) which is subject of a
strict sanitary policy. A unique microchip number identiﬁes each
horse, and the AGID test is performed at a 60-day interval to
corroborate the absence of EIAV infection. This training centre
also counts with a separate area for the housing of polo ponies
during their yearly sport season, which normally lasts from
September to December. Unexpectedly, EIAV positive cases were
notiﬁed in several polo ponies during 2015. This report describes
the occurrence of EIAV infection in polo ponies housed in San
Isidro’s training centre during 2015 and the preventive measures
applied in order to preserve the EIA free status in the permanent
Thoroughbred population. Even though the polo ponies must
enter the San Isidro facilities with all the sanitary requirements
(which includes EIAV negative certiﬁcate), the incoming population in 2015 (n: 230) was re-tested and a microchip was applied to
every horse upon arrival. Upon a second monitoring EIA testing
performed 30 days later, ﬁve horses were found positive. SENASA
was subsequently notiﬁed, euthanasia was undertaken immediately for every conﬁrmed case, and the facilities were placed
under quarantine as enforced by current regulations. Epidemiological investigations determined that all EIA positive cases were
originated from a single horse farm. After this event, the entire
equine population within the quarantined area was re-tested, and
one additional horse was identiﬁed as EIAV positive. The 17 horses
from the same farm as this last positive case were re-tested 5 days
later, with no conﬁrmation of additional positive cases. The case
described exempliﬁes the current situation regarding EIAV in
Argentina: some years ago, this infection was restricted to work
horses conﬁned in cattle farms mainly in the North area of our
country. It also emphasizes the need of immediate control measures, due to the hazard of re-emergence of this infection and its
impact on the equine industry, causing not only direct economic
losses to the owners but also disruption of equestrian events. To
date, serological surveillance, by AGID, is the most sensitive
diagnostic tool for the identiﬁcation of EIAV infected horses, and
has been used successfully to eradicate EIA from valuable horse
populations, as in some states of the United States and some
European countries.
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In recent years, EIA crossing boundaries occurred in many European countries, causing an increased number of cases. In Italy,
from 2007 to date, more than 1,100 EIA outbreaks were notiﬁed,
causing a serious threat to the strategic objectives of the horse
industry. The result of surveillance and control measures adopted
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was a signiﬁcant drop of outbreaks and case incidences. The
accrued experience evidenced the need of an information system
available at National level providing efﬁcient timely communications and data sharing for appropriate actions. A WEBGIS
developed by the Italian EIA National Reference Centre (NRCEIA)
was tested in 2015 at Regional level (Latium) to: ensure real time
tracking of EIA case location; trigger immediate alerts on new
cases and outbreaks; allow risk evaluation and management of
equid movements; provide practical tools for Veterinary Ofﬁcers
for surveillance, control or emergency actions in infected areas.
The WEBGIS was also speciﬁcally oriented as a practical instrument for outbreak management. The Geo-portal was developed
using open-source geographical layers (Base map aerials, topography, streets and municipalities borders) and programming
softwares with the geodatabase automatically fed using ofﬁcial
sources of structured data relative to farm registration and location, conﬁrmed cases and ofﬁcially notiﬁed outbreaks through
dedicated web-services, providing an interactive, uniﬁed SOAP
interface display to users with daily updating. By accessing to
CRAIE-WEBGIS webpage (http://195.45.99.77/craie/), the Local,
Regional and National Veterinary Authorities can generate and
display the list and location of the conﬁrmed cases and the
notiﬁed outbreaks. Details on outbreak status (i.e. from suspected
to conﬁrmed or to extinguished, species and number of individuals involved) are daily tracked and available. Controlling
the retrospective geodatabase, it is possible to discriminate incident from recurrent cases and outbreaks as also activate the
display of the areas at risk around the active outbreaks, allowing
the automatic listing of all the farms registered within a deﬁned
surveillance buffer/area, where targeted serological and syndromic surveillance must be put in place. Further to the dynamic
tools, the CRAIE-WEBGIS also releases periodic static reports (lists
and maps) relative to outbreak characteristics and location,
allowing a timely supervision of the actions undertaken and a
preliminary evaluation of the epidemiological trends. The CRAIEWEBGIS experience in Latium contributed to reduce uncertainty,
provide timely and effective actions, raising the biosecurity level
of the equid population. Its extension at a national level will
support the country surveillance, data collection and outbreak
tracking, allowing the derived epidemiological data to be used for
risk assessment and management and timely evidence-based
interventions.
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As in other mammals, horses can be affected by several fungal
infections. However, only a small number of these are known to
cause clinical disease and death. Multiple species of fungus are
ubiquitous in the environment, and thus horses can acquire the
fungal spores by inhalation, ingestion or contact (skin and mucosa). In addition, there is a predisposition for disease development related with the environmental conditions and the host’s
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immune conditions. The aim of this report is to describe the
features and clinical ﬁndings in a series of equine mortalities
occurred in a Thoroughbred and Quarter Mile horse breeding
~ uelas, Buenos Aires Province, Argentina. The
farm located in Can
affected population consisted of 20 nursing foals (between 3 to 6
months of age). They were allowed to graze freely on natural
pasture, without supplementation of dry (hay) or other commercial equine feed. Due to the excessive rainfall, the animals
were frequently moved over different paddocks for food access.
During February-April 2014, 7 foals and 1 mare showed hyperthermia, depression, edema, profuse diarrhea, colic, serous nasal
secretion and mucous membrane congestion. These clinical signs
were followed by the development of ulcerative lesions with
posterior necrosis of nasal septum mucosa. Even though all the
affected animals received analgesic, antipyretic, antidiarrheal and
different antibiotics treatment, no improvement was obtained.
The course of the disease was variable between 2 and 45 days.
Ultrasonography revealed the presence of Rhodococcus equi (R.
equi)-like lesions (abscesses) in the lungs in 6 out of the 7 affected
foals. Nasal turbinates swabs (NS), tracheal washes (TW), whole
blood to obtain peripheral blood mononuclear cells (PMBC) and
serum samples were collected for microbiological studies
(virology, bacteriology and mycology). Exhaustive necropsy, tissue samples collection and histopathology and microbiology
studies were performed. No virus was detected in NS or PBMC. No
antibodies against Burkhordelia mallei (Glanders) were identiﬁed. At necropsy, the most consistent lesions were ulcers and
necrosis of nasal septum; similar lesions but of lesser extent were
also found in the tongue, palate and along the gastrointestinal
tract. Lesions compatibles with those induced by R. equi were not
observed in the lung. Histopathology revealed severe acute
multifocal necrotizing interstitial pneumonia; severe chronic
multifocal necrotizing rhinitis with vasculitis and intralesional
fungal hyphae in nasal turbinates, and mild to severe suppurative
inﬂammation with marked lymphoid depletion in colon. The
fungi in the nasal turbinates were morphologically consistent
with Zygomycetes (Mucor, Basidiobolus, Conidiobolus) or
Oomycetes (Pythiumsp). Unfortunately, the etiology of the disease and death of these horses could not be determined; the
presence of fungus-like microorganisms in the lesions could be a
result of secondary infection due to intestinal injury.
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Anthrax in a horse and post-exposure interventions
G. Gajardo 1, B. Uberti 1, E. Paredes 2
Institute of Clinical Veterinary Sciences; 2 Institute of Animal
Pathology, Faculty of Veterinary Science, Universidad Austral de
Chile, Chile

1

Anthrax is a highly pathogenic zoonotic disease caused by Bacillus
anthracis, a Gram positive spore-forming bacillus. Although it
primarily affects herbivores, other mammals, including humans,
can be affected. Animals may have at least three clinical presentations, hyperacute, acute, and subacute or chronic; horses
almost always develop the acute form, generally manifesting
throatlatch swelling, fever, dispnoea, rapid onset of septicemia,
disseminated intravascular coagulation and shock. Bleeding from
natural oriﬁces is common in most species. The importance in
public health lies in its zoonotic potential. Three forms of presentation have been described in humans: cutaneous, respiratory
and digestive, depending on the route of exposure. Lethality in
humans is extremely high without rapid detection and treatment.
In December 2013, an adult crossbred work horse, belonging to
persons of extremely limited resources, presented at the Universidad Austral de Chile's Veterinary Hospital due to sudden
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decay. No other sick horses were reported at the farm of origin;
there was no vaccination history. Clinical examination revealed
severe depression, generalized muscle twitching, severe tachycardia and tachypnea, hypothermia, hypovolemia, severe edema
of the glottis, and hypotonia of the anal sphincter. During the
initial assessment, the patient developed bilateral epistaxis. Faced
with signs of respiratory obstruction (due to retropharyngeal
edema and lymphadenopathy) and severe coagulopathy, the animal was euthanized. Necropsy revealed blood incoagulability,
multiple organ congestion and retromandibular edema. Parotid
lymph node samples were taken, and anthrax was conﬁrmed by
microbiological culture of Bacillus anthracis within 72 hours of
death. With this diagnosis, the competent national health service
was immediately notiﬁed for coordination of post-exposure interventions. Four people had been directly exposed to the animal
(two owners and four university employees; two veterinarians
were exposed to spore inhalation during necropsy), and 7 others
were determined to have been on the premises. The health service provided health monitoring guidelines and antibiotic prophylaxis (ciproﬂoxacin 500 mg twice daily) for a period of 60 days
for all exposed owners and personnel. All directly exposed individuals' clothing and residual biological material was incinerated. The equine veterinary hospital was emptied of all animals
(none of which were exposed to the patient), and contaminated
premises were thrice disinfected with quaternary ammonia and
glutaraldehyde. There were no manifestations of disease in the
people involved, and no ulterior equine cases. Although anthrax is
endemic in Chile, with 37 human cases reported between 20002009, animal vaccination is rare and no equine cases have been
described since 1990 (Araya et al, 1990). This case is noteworthy
on account of the rare occurrence of the disease, and because
rapid cooperation of veterinarians and the national health service
permitted continued monitoring and prophylactic treatment of
the university personnel and of the poorly educated owners of the
horse, thereby avoiding human cases. Thus, urgent mandatory
reporting of suspected cases should be emphasized.

were randomly assigned to one of two groups at a 1:2 ratio, and
received either the test vaccine (n¼10) or placebo (sterile saline)
(n¼5), with four intramuscular injections administered at 21 days
intervals. All personnel performing animal care, clinical examinations and laboratory analyses were unaware of the foals’
vaccination status. Health assessments were performed daily
from day -2 until day 70, and clinical assessments were performed daily on the day of each injection and six days subsequently. To evaluate vaccine immunogenicity, serum samples
were obtained on days 0, 14, 21, 35, 42, 56, 63, 77, and 91 and
analysed using an indirect C. botulinum type C ELISA. Analysis of
variance and Student's t-test or Wilcoxon signed rank tests were
used to conduct intra- and inter-group comparisons, respectively.
No immediate post-vaccination adverse events or systemic
adverse reactions were observed during the study. Local site reaction was limited to one vaccinated foal. On day 0, there was no
difference in mean ELISA optical density (OD) between treatment
groups (p¼0.73). There was a signiﬁcant increase in C. botulinum
type C antibody levels within the vaccinated group, with preV1<post-V2<post-V3, and all vaccinated animals had seroconverted following V3 (Figure 2). Antibody levels remained low
in the placebo-treated control group. This study demonstrates the
ﬁrst evidence of safety and immunogenicity of a C. botulinum
type C equine vaccine, which warrants further evaluation as a
candidate vaccine for EGS prevention. The safety study was funded by Neogen Corporation.
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Randomised controlled safety study of a Clostridium
botulinum type C vaccine for the prevention of Equine
Grass Sickness: evidence of vaccine immunogenicity
and safety in the horse
J.L. Ireland*1, N. Rash 1, J. Rice 2, K. Hennessy 3, B.C. McGorum 4, C.J.
Proudman 5, I.R. Poxton 6, R. Paillot 1
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Equine grass sickness (EGS; Figure 1) is a frequently fatal neurodegenerative disease affecting grazing equids, predominantly in
northern European and South American countries. It is hypothesised that EGS represents a toxico-infectious form of botulism,
where a combination of risk factors triggers in-vivo production of
Clostridium botulinum type C toxins by bacteria present within the
gastrointestinal tract. Several previous studies have reported a
protective effect of natural immunity to C. botulinum type C. To
date, no vaccine is available for EGS prevention. This study aimed
to determine safety and immunogenicity of a modern C. botulinum type C vaccine intended for EGS prevention, in the target
species. An experimental randomised, triple-blinded, placebocontrolled safety study of a C. botulinum type C bacterin-toxoid
vaccine was undertaken in 15 foals (aged 10-14 weeks). Foals

Figure 1. Chronic EGS case exhibiting clinical signs of depression, weight
loss and base-narrow stance.

Figure 2. Antibody response to C. botulinum type C vaccination: fold change
in ELISA OD compared to day 0 (ELISA OD ratio) for vaccinated and control
groups.
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1
Animal Health Trust, Newmarket, UK; 2 Royal (Dick) School of
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Equine grass sickness (EGS) is a polyneuropathy with a case
mortality rate of approximately 85%. While epidemiological
studies have identiﬁed numerous risk factors, there is currently
no preventive healthcare measure available for EGS prevention.
Previous research suggests that EGS may represent a toxico-infectious form of botulism involving Clostridium botulinum type C.
Other equine clostridial diseases are successfully prevented by
vaccination, implying that it should be possible to prevent EGS by
vaccination. As EGS cannot be induced experimentally, a ﬁeld trial
represents the only method of evaluating the effect of vaccination. This pilot study aimed to inform sample size and trial
methodology for a proposed full-scale triple-blinded randomised
placebo-controlled ﬁeld trial of a C. botulinum type C toxoid
vaccine in the prevention of EGS. Healthy client-owned horses/
ponies residing on premises previously affected by a high incidence and frequency of EGS were included. Horses/ponies were
randomly allocated, at premises-level, stratiﬁed by age, to vaccine
or placebo treatment groups at a 1:1 ratio. Baseline and follow-up
premises and horse data were obtained via telephone questionnaires. Participating veterinary surgeons administered the primary course of vaccine/placebo on days 0, 21, 42, followed by a
booster injection on day 224. Following appropriate training,
owners completed post-treatment daily observations for seven
days following each treatment. Five participating practices
recruited 10 EGS-affected premises in Scotland, with a median
baseline incidence of 2.2 EGS cases per 100 horse-years-at-risk.
109 horses/ponies were enrolled: 13 were withdrawn prior to
randomisation, and 1 was excluded following randomisation
(Figure 1). Median age at enrolment was 6 years. Age (p¼0.34),
gender (p¼0.15) and breed (p¼0.94) distributions did not differ
between treatment groups. 95 horses/ponies completed the
primary treatment course, and 87 horses/ponies received
booster injections, representing a retention rate of 90.5%. No
signiﬁcant adverse events were reported and incidence of
owner-reported injection site abnormalities was 0.05 per horseweek-at-risk, none of which required treatment. One histologically-conﬁrmed EGS case occurred during the study, representing an incidence of 1.25 cases per 100 horse-years-at-risk. There
was no difference in the risk of EGS between treatment groups

S39

(p¼0.62). Serological analyses demonstrated a signiﬁcant increase
in C. botulinum type C antibody titres following the primary
treatment course in vaccinated horses/ponies compared to the
placebo group (p<0.001), indicating seroconversion following
primary vaccination. This study provided evidence of vaccine
safety under conditions of ﬁeld use, serological evidence of immune response to vaccination and informed modiﬁcations to trial
methodology for a subsequent nationwide ﬁeld trial. This study
was funded by Neogen Corporation and the Animal Health Trust.
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Peptide motifs for Major Histocompatibility Complex
class I molecules of the horse
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Knowledge of the anchor motifs of equine Major Histocompatibility
Complex (MHC) class I molecules and identiﬁcation of the pathogen-derived peptides that bind to them is critical for the design of
vaccines that can stimulate effective T-cell mediated immunity to
prevent diseases caused by Equine Inﬂuenza Virus, Equine
Herpesvirus, and other microorganisms. Recently we determined
the peptide binding motif of the Equine Leukocyte Antigen ELAA3.1 classical MHC class I molecule using a standard immunochemical approach (Bergmann et al., 2015). Endogenously bound
peptides were eluted from P-815 cells transfected with the ELAA3.1 gene using an equine speciﬁc monoclonal antibody. The peptides were sequenced using tandem mass spectrometry and
revealed a nonamer with anchoring amino acids at positions 2
(aspartic acid) and 9 (isoleucine or leucine). Using an independent
method horse MHC class I expression was stabilized in RMA-S cells
transfected with ELA-A3.1 by screening with a library of 15-mer
peptides that overlapped by 10 amino acids and spanned the entire
Immediate Early (IE) protein of Equine Herpesvirus type 1 (EHV-1).
One of the IE-derived peptides (PPARDGARFGELAAS) stabilized the
ELA-A3.1 MHC class I molecule. This was conﬁrmed and the
sequence further narrowed by testing with shorter peptides. The
promiscuously binding nonamer SDYLELDTI also stabilized ELAA3.1 expression. Taken together, these results point to the EHV-1 IEderived peptide RDGARFGEL as a candidate for studies of cytotoxic
T-cell immunity to EHV-1 in the horse. Other in vivo studies have
shown that the IE protein contains immunogenic peptides that can
induce protective immunity against this important viral pathogen.
These results pave the way for development of assays for antigenspeciﬁc equine T-cells that can be used in studies of viral immunity
or to assess the efﬁcacy of vaccines.
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A role for bacteriophage therapy was envisaged early last century;
however, due to discovery of the antimicrobials, it fell out of
research interest. Currently, bacteriophages are resurfacing as an
alternative to antimicrobials in order to overcome the increasing
incidence of antimicrobial resistance. Here, we report isolation of
bacteriophages against Escherichia coli, Shigella spp., Aeromonas
hydrophila and Citrobacter sedlakii isolates of equine origin.
Phages were isolated from equine farm soil and sewage samples.
For enrichment, sample aliquot was incubated overnight with
host bacteria at 37 C with vigorous shaking. The crude lysate
obtained was centrifuged and ﬁltered and the presence of any
phage in the suspension was detected by agar overlay technique.
Appropriate dilutions of enriched samples were plated to obtain
individual plaques and the most dominant plaque was transferred
into SM buffer, serially diluted and plated for plaque re-isolation
three times to ensure purity, followed by large scale preparation
of phage stocks. Any host nucleic acids was degraded using
pancreatic DNaseI and RNase and bacteriophage particles were
precipitated using PEG8000. Phage titre was determined by plaque assay and phage concentrates were accessioned in the Veterinary Type Culture Collection (VTCC) repository. The phage
concentrates were visualized by transmission electron microscopy (TEM). The temperature stability of bacteriophages was
checked after incubating phage concentrates over the range of
4 C - 80 C temperature for one hour.
A clear single plaque was obtained on nutrient agar against
Shigella spp. and after puriﬁcation and concentration, its analysis
by electron microscopy revealed presence of multiple phages
belonging to families Myoviridae, Siphoviridae and Podoviridae.
However in case of Citrobacter sedlakii, a Siphoviridae phage
(VTCCBPA61) with dimensions: 60 nm x 650 nm was observed.
Against a pathogenic A. hydrophila isolate of equine origin
(expressing aerolysin gene), a Myoviridae phage (VTCCBPA6) was
isolated with dimensions: 62 nm x 138 nm. Against E. coli of
equine origin, a Myoviridae phage (VTCCBPA9) of dimensions: 86
nm x 100 nm was obtained. Bacteriophage VTCCPBA61 against C.
sedlakii was found to completely lose its biological activity at 65 C
in vitro however the group of phages against Shigella spp. were
found to be stable upto temperature as high as 80 C. Thus we
demonstrated the basic biological characteristics of phages, and
some novel ones (such as against A. hyrophila and C. sedlakii)
bacterial isolates of equine origin which have never been reported
till now. These lytic phages could ﬁnd potential in phage therapy,
as biocides, in biosensors and in phage ligand technology and are
being explored by us further to depict their therapeutic value in
small animal model. As more studies are reporting safety, tolerance and efﬁcacy of phage therapy in humans and animals, their
use in phage therapy has a promising future as an emerging
alternative to chemical agents.

Despite intensive research for more than a hundred years, the
cause of Equine Grass Sickness (EGS), has not been found yet.
However, it is believed that neurotoxins produced by the bacterium Clostridium (C) botulinum Type C (BoNT) are responsible for
the disease. Horse challenge experiments conducted at Central
Veterinary Research Laboratory (CVRL), Dubai with C. botulinum
Type C toxins as well as with the pathogen itself failed to produce
clinical signs of EGS but resulted in the induction of neuromuscular classical botulism. Therefore, we believe that C. botulinum
Type C is not the sole agent for EGS and started detailed investigations of the anaerobic ﬂora in the ileal and caecal contents
of 2 EGS affected horses and in a soil sample collected from an EGS
affected paddock. Samples were processed by special culture and
enrichment techniques and the isolated anaerobes were tested
for toxin production for four days and their lethality in a mouse
bioassay. In total twenty different anaerobes were isolated from
the 3 samples. Few anaerobes were isolated in common from
ileum, caecum and soil samples, except for C. perfringens with a
and b2 gene. Also except for C. perfringens only soil isolates were
positive in the mouse bioassay. Strains identiﬁed as C. perfringens
(a toxin producer, a toxin and b2gene possessing), C. subterminale,
and C. septicum were lethal for mice. C. perfringens strains carrying
b-2 gene along with the ability to produce a toxin, killed mice
within 24 hours and the mice showed typical wasp-waist
appearance as seen with botulinum toxin. The toxigenic strains
were found to yield toxin on different days of incubation.
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Reasons for performing study: Equine grass sickness (EGS) is of
unknown aetiology. Despite some evidence suggesting that it
represents a toxico-infection with Clostridium botulinum types C
and/or D, the effect of EGS on the functional targets of botulinum
neurotoxins (BoNTs), namely the soluble N-ethylmaleimidesensitive factor attachment receptor (SNARE) proteins, is
unknown. Further, while it is commonly stated that, unlike EGS,
equine botulism is not associated with autonomic and enteric
neurodegeneration, this has not been deﬁnitively assessed.
Objectives: To determine (a) the effect of EGS on the expression
of SNARE proteins within cranial cervical ganglion [CCG] and
enteric neuronal perikarya, and (b) whether botulism
causes autonomic and enteric neurodegeneration. Methods:
Immunohistochemistry was used to compare the expression of
synaptosomal-associated protein-25 (SNAP-25), synaptobrevin
(Syb) and syntaxin (Syn) within CCG neurons, and of Syb in
enteric neurons, from horses with EGS, horses with botulism
and control horses. The concentrations of these SNARE proteins
in extracts of CCG from EGS and control horses were compared
using quantitative ﬂuorescent western blotting (QFWB). Light
microscopy was used to compare the morphology of neurons in
haematoxylin-eosin stained sections of CCG and ileum
from 6 EGS horses, 5 botulism horses and 6 control horses.
Results: EGS, but not botulism, was associated with autonomic
and
enteric
neurodegeneration
and
with
increased
immunoreactivity for SNARE proteins within neuronal
perikarya. QFWB conﬁrmed increased concentrations of SNAP25, Syb and Syn within CCG extracts from EGS versus control
horses, with the increases in the latter two proteins being
statistically signiﬁcant. Conclusions and potential relevance: The
occurrence of autonomic and enteric neurodegeneration, and
increased expression of SNARE proteins within neuronal
perikarya, in EGS but not botulism, suggests that EGS may not
be caused by BoNTs. Further investigation of the aetiology of
EGS is therefore warranted.
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Aural plaque is a dermatopathy caused by Equus caballus papillomavirus. Clinically is characterized by epidermis elevation,
grayish to whitish colored and with a scaly pattern, may be present uni or bilaterally. Some animals may have sensibility in the
ear and mild to severe itch. This illness causes losses to the owner
as well as to the horse, such as ﬁnancial due to treatments and
esthetical. It is known that there is no effective treatment to aural
plaque, so far. Our teaching hospital is localized in Alto do Sapucaí
region, in the south of Minas Gerais State. In order to clarify the
real situation about aural plaque in horses of Alto do Sapucaí

Figure 1. A horse’s ear with whitish, scaly and elevated lesion characteristic
of aural plaque.

region, the study was carried out aiming a clinical survey of
horses admitted in Centro Universit
ario de Itajub
a’s Teaching
Hospital. All the animals were admitted for other reasons than
aural plaque. The study was performed during 2014 July and 2015
September. Sixty horses were admitted during the study period.
Seven (11.66%) had skin lesions clinically characteristic of aural
plaque in both ears. Four of them (4/7 e 57.14%) were diagnosed
with some level of sensibility and/or itch. Two horses had previous home treatment with no results. One horse was treated
with imiquimod 5% cream after the aural plaque diagnostic with
complete disappear of lesions after 8 weeks treatment. This study
allowed concluding that aural plaque and the virus are in Alto do
Sapucaí region, been necessary more studies to establish a therapeutic protocol and avoid dissemination of the disease all over
the region.
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Equine infectious anaemia (EIA) is a viral disease caused by
Equine Infectious Anaemia virus (EIAV) belonging to the Retroviridae family, genus Lentivirus, which also includes Human
Immunodeﬁciency Virus (HIV), Bovine and Feline Immunodeﬁciency Viruses (BIV and FIV) and the visna-maedi virus. The
clinical signs associated with the infection appear after an incubation period of one to three weeks. They are mainly characterized by fever, anaemia, oedema and different signs of
listlessness. Once the horse is infected, several clinical forms
may succeed each other. In the acute form, the horse shows
serious clinical symptoms that can lead to death; the chronic
form is characterised by a recurrence of clinical phases (such as
fever, anaemia and listlessness); and there is also an asymptomatic form. Infected Equidae never eliminate the virus and
remain contagious for other Equidae even when there are no
clinical signs. The bloodborne virus is transmitted from one
animal to another mainly by biting insects or iatrogenically
through contaminated needles or dentistry equipment (1).
Bloodsucking insects e primarily horse ﬂies and stable ﬂies e
are mechanical vectors. Although the virus does not replicate

S42

10th IEIDC Abstracts / Journal of Equine Veterinary Science 39 (2016) S33eS44

within the insect, the infectious virus can remain in its
mouthparts for several hours after a bite. Several studies have
shown that EIAV infection has occurred among horses in North
and South America, France, Germany, Italy and Romania. So far
no evidence of the presence of EIAV in horses was reported in
Serbia. In order to determine EIA prevalence among the 5000
horses of the Vojvodina region of Serbia, 316 horse sera have
been collected during 2013 and 2014. Serological analysis was
performed using Agar Gel Immuno Diffusion test (AGID) as
described by the World Organization of Animal Health (OIE)
chapter 2.5.6 and by Enzyme Linked Immuno Sorbent Assay
(ELISA). Those sera have been tested with 3 different commercial AGID test (Idexx, ID-Vet and VMRD) and two different
commercial ELISA tests (Synbiotics and VMRD). With the three
AGID kit 311 (98,4%) among the 316 tested sera were found
negative and only ﬁve (1,6%) sera were found positive for EIA.
With ELISA kits results were slightly different and were
dependent of the kit producer. Indeed, Synbiotics ELISA gave
the same results as AGID tests but VMRD ELISA found 295
negative samples, 5 positive samples and 16 samples were
doubtfull. Our study shows for the ﬁrst time that EIA is present
in Serbia and more speciﬁcally in the Vojvodina region.
Euthanasia and viral characterization of ﬁeld isolate collected in
Serbian horses will be investigated.
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Equine grass sickness (EGS) is a multi-system neuropathy
affecting horses, characterized by degeneration of autonomic
neurons and stasis of the gastrointestinal tract. Despite almost
100 years of research and the identiﬁcation of numerous factors
associated with disease risk, the precise etiology remains unknown. However, both historical and recent evidence supports a
contributory role for Clostridium botulinum in disease etiopathogenesis. In this study we compared the microbiota of faeces and
caecal and colonic contents from horses with EGS (n¼10), control
horses (n¼4) and healthy co-grazing horses (n¼21, only faeces)
using denaturing gradient gel electrophoresis (DGGE) in an
attempt to identify a proﬁle of the microbial community characteristic of EGS. It was possible to distinguish the caecal and colonic
microbiota of horses with EGS from that of control animals in
cluster analysis. There was no difference in fecal microbiota between healthy and EGS affected horses; however there was a
difference between horses from different premises. Our ﬁndings
suggest that the change in intestinal microbiota detected in EGS is
likely to be a consequence, and not the cause, of the gastrointestinal stasis.
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Equine Infectious Anemia (EIA) is caused by a lentivirus that affects horses, mules and donkeys. It is mechanically transmitted by
hematophagus insect vectors or human iatrogenic activities. EIA
is endemic in the subtropical region of northern Argentina. In
 rdoba province (33 S), Argentina Animal Health Authorities
Co
(SENASA) reported an incidence of 0.55% in 2008. The current law
requires mandatory reporting and slaughter of animals in which
the disease is diagnosed. EIA can be presented in three clinical
forms: acute, chronic and unapparent. The latter being the most
dangerous since infected horses become silent infected carriers.
According to Argentina law the diagnosis should be done by
Coggins test. However, some authors propose ELISA technique
because of its extreme sensitivity and Coggins test is recommended for its high speciﬁcity. A 3 months old colt and his
mother were in a riding and equine therapy school of Riobamba
town, southern Cordoba, Argentina. The colt showed depression
for ﬁve days and severe dyspnea two days before veterinary
assistance. At clinical examination the foal presented sternal
recumbence and depression (Figure 1) but was able to get up, and
nurse properly. Oral and ocular mucosas were pale and capillary
reﬁll by 3 seconds, tachycardia with respiratory distress worsened
when walking. Rectal temperature was 40 C. Mandibular lymph
nodes were enlarged. Abdominal ultrasound shows severe
splenomegaly. Hematological tests revealed lipemic serum,
hyperbilirubinemia (Figure 3), severe regenerative anemia with
intravascular hemolysis, thrombocytopenia and lymphocytosis.
For initial treatment two liters of whole blood transfusion was
performed. Dipyrone (22 mg/kbw), ﬂunixin meglumine (1.1 mg/
kbw) and water baths were given for fever without clinical
response. At 6 hours post transfusion the breathing pattern and
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Figure 2. Colt after initial treatment. Breathing pattern and its alertness
improved.

its alertness improved (Figure 2). All other parameters remained
similar. After deﬁnitive diagnosis of EIA the colt and his mother
were isolated until a second positive Coggins test was conﬁrmed.
The foal was euthanized according to the ethical standards of
animal care. Horses entry or exit at the premises were not
allowed. All animals underwent serial serological sampling every
15 days for 60 days from the ﬁrst case. 14 new cases were diagnosed in the same farm without clinical signs, including colt’s
mother. All positive animals were euthanized.

Equine grass sickness (EGS) is a multi-system neuropathy
affecting horses, characterized by degeneration of autonomic
neurons and stasis of the gastrointestinal tract. Despite almost
100 years of research and the identiﬁcation of numerous factors
associated with disease risk, the precise etiology remains unknown. However, both historical and recent evidence supports a
contributory role for Clostridium botulinum in disease etiopathogenesis. In this study we compared the microbiota of faeces and
caecal and colonic contents from horses with EGS (n¼10), control
horses (n¼4) and healthy co-grazing horses (n¼21, only faeces)
using denaturing gradient gel electrophoresis (DGGE) in an
attempt to identify a proﬁle of the microbial community characteristic of EGS. It was possible to distinguish the caecal and colonic
microbiota of horses with EGS from that of control animals in
cluster analysis. There was no difference in fecal microbiota between healthy and EGS affected horses; however there was a
difference between horses from different premises. Our ﬁndings
suggest that the change in intestinal microbiota detected in EGS is
likely to be a consequence, and not the cause, of the gastrointestinal stasis.

Acknowledgement
The authors would like to thank the Dubai Millenium Research
Foundation (DMRF), established and ﬁnanced by H.H. General
Sheikh Mohammed bin Rashid al Maktoum and administrated by
Dr. Ali Ridha, Director of the Central Veterinary Research Laboratory, Dubai for funding this research.

200
Outbreak of equine Monocytic Ehrlichiosis in criollo
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Figure 3. Lipemic blood serum with hyperbilirubinemia.Ă

The Equine Monocytic Ehrlichiosis (EME) is an infectious acute
diarrhea caused by Neorickettsia risticii. Peak incidence typically
occurs during summer and is usually reported in farms near
creeks or rivers. EME is endemic thoroughout North America,
however, cases occurrence have increased over the last 100 years
in Brazil and Uruguay [1]. The purpose of this study is to report a
number of cases of EME in Criollo horses, characterizing epidemiological and clinical features, diagnostic methods and treatment. An outbreak occurred in a farm in south Brazil, February of
2014, affecting 26 animals and resulting in 18 deaths. Five mares,
average 3-5 years-old, were referred to the Veterinary Hospital of
Federal University of Pelotas, presenting signs of dehydration,
endotoxemia and watered, dark and fetid diarrhea. Upon initial
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physical examination the animals showed tachycardia, tachypnea,
elevated body temperature, injected mucous membranes and
capillary reﬁll time over 4s. Blood samples were collected for
blood cell count, total plasma protein and ﬁbrinogen determination. Accordingly with clinical and hematological evaluation, the
treatment was set. In all cases, the animals received ﬂuid therapy
(lactated Ringer’s solution) IV, omeprazole 10g, VO, SID, liquid
Vaseline 1L, VO, BID, and activated charcoal 300g, VO, SID. The
animals 1, 2 and 5 presented leukopenia, hypoproteinemia and
hyperﬁbrinogenemia. Abdominal paracentesis was performed
and peritoneal liquid analysis showed proteins and ﬁbrinogen
increase, suggesting peritonitis. Mares 1 and 2 received metronidazole 15mg/kg body weight (BW), VO, BID, gentamicin 6.6mg/
kg BW, IV, SID, penicillin potassium 22.000UI/kg BW, IV, QID, and
oxytetracycline 6.6mg/kg BW, IV, BID, ﬂunixin meglumine 1.1mg/
kg BW, IV, QID. The mare 3 presented leukocytosis for neutrophilia, hyperﬁbrinogenemia and hypoproteinemia. Received
Trimethoprim/sulfamethoxazole 30 mg/kg BW, IV, BID and ﬂunixin meglumine 1.1mg/kg BW, IV, BID. The mare 4 presented
only hyperﬁbrinogenemia and treatment set was oxytetracycline
6.6mg/kg BW, IV, BID and ﬂunixin meglumine 1.1mg/kg BW IV,
BID. After the established treatments, hematological parameters
of the mares 1, 2, 3, and 4 reached reference values expected to
the specie. The mare 5 worsened and died after second day of
hospitalization. Necropsy was realized and conﬁrmed EME suspect. Indirect Fluorescent Antibody test (IFA) was performed and
4 animals were positive for EME. The knowledge of disease’s
presence in the region is important both for Criollo horses’
breeders, due to economic losses with treatments and deaths, and
local veterinarians, especially considering to differential diagnosis
for other diseases that can course with similar clinical signs.
Finally, Equine Monocytic Ehrlichiosis is an important disease
that cause severe diarrhea and may lead animals to death. Thus,
the early establishment of a support treatment aiming to correct
the hemodynamic changes in association with antibiotic and
antiinﬂammatory therapy can be successful in EME cases.

The increase in antibiotic resistant bacteria poses a major
healthcare threat. In the face of an almost complete absence of
new antimicrobial drugs in development, antibiotic resistance has
become one of the main public health problems of our time.
Antibiotics are a unique class of medications because of their
potential societal impact; use of an antibiotic in a single patient
can select for antibiotic resistance that can spread to others and
environment, making antibacterial used in one patient ineffective
for many others (WAAAR declaration, 2014). The emergence of
methicillin-resistant Staphylococcus Aureus (MRSA) in horses,
pet animals and productive livestock has risen in recent years
worldwide. Colonization at the time of admission to a veterinary
hospital has been identiﬁed as a risk factor for development of a
clinical MRSA infection. Colonized horses may also transmit
MRSA to other horses and zoonotic MRSA infections from horses
have occurred. So far there are no reports MRSA from horses in
Argentina. This is the ﬁrst study to evaluate the presence of MRSA
in Thoroughbreds in training from La Plata racetrack. During May,
September and October of 2015, 96 healthy horses were screened
for the presence of MRSA, in order to carry out an exploratory
study in the equine population belonging to the La Plata racetrack.
Swabs were taken from nasal vestibulum and inoculated in a
Brain heart infusion + ClNa 6.5%. After 18 h incubation at 35 C,
bacteria were plated on chromogenic agar (CHROMagar™ MRSA)
and incubated 24 hs at 35  C. (Figure 1),Nine plates with suspicious colony were conﬁrmed as Staphylococcus aureus by Gram
stain, catalase, coagulase, Vogues-Proskauer, mannitol, trehalose
and manose fermentation. Susceptibility tests were performed
with oxacilin (1mg) and cefoxitin (30 mg) disks according to
Clinical and Laboratory Standards Institute (CLSI) guidelines in
order to detect methicillin resistance. The prevalence of MRSA
was 9.4% (9/96). 56% of the horses with positive result were male
and 67% is three years old. None of them have antecedents of
antibiotic use. Of them 89% have no participated in races and they
are in the same place. Further studies will be made to characterize
phenotypic and genotypically these strains. These results suggest
that it is necessary investigate risk factors for equine MRSA
infection in community and the importance as zoonotic pathogen.
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Figure 1. MRSA bacteria on chromogenic agar (CHROMagar™ MRSA). Susceptibility performed with oxacilin (1mg) and cefoxitin (30 mg) disks according to Clinical and Laboratory Standards Institute (CLSI) guidelines in
order to detect methicillin resistance.
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Insights, experiences and scientiﬁc ﬁndings of a
successful worm control in several European countries
and the perspectives for the future

Most horse breeders are extremely concern about the impact of
parasites on the healthiness of their animals. Although parasite
control using systemic anthelmintics is very secure, drug resistance has been reported worldwide (Canever et al. 2013; Peregrine
et al. 2014). This study aimed to determine the development of
Thoroughbred foals related to sex, month and year of birth and
parasite faecal egg counts (EPG). Data of ﬁve generations (20082012) was handled from a horse farm located in the city of Sao Jose
dos Pinhais, South of Brazil. The animals were from birth to 18
months old (n¼119 foals: 60 males and 59 females). The farm
technical team provided monthly data on height and weight of the
individuals. The body weight was measured with a mechanical
scale and the withers height was measured using a depth
measuring tape. For the individual animal EPG records, reports
from 2009 to 2012 were used. EPG was performed using a modiﬁed McMaster technique (x25). During all the evaluation periods it
was observed that females were taller (p¼0.0065) and heavier
(p¼0.0091) than males at birth. Males born in November were
lighter than the other animals born in other months (p¼0,0002) at
the age of six months. At the age of 12 months, females born in July
and August were signiﬁcantly heavier than females born in the
other months, and those born in November were lighter compared
to the others (p¼0.03). EPG was divided in six categories: from 0 to
25, 50 to 100, 125 to 225, 250 to 350, 375 to 500, 525 to 800 and
above 800, and the average frequency was 21, 11, 10, 11, 8, 13 and
26%, respectively for all years. There was no correlation of EPG and
the other variables, indicating that the presence of high or low
EPGs did not interfere with body development. This was possible
because of the excellent farming system, which included balanced
concentrate food and a high quality alfalfa and pasture. Thus, if
EPG values had no inﬂuence evidencing anybody development
impediment in young horses, we suggest that other phenotypic
and/or genotypic diagnostic shall be developed for parasite
monitoring when animals are raised in ideal conditions.
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It is now well accepted that the system of regularly administered
anthelmintic treatments over years (without prior diagnosing, i. e.
the so-called “strategic” or “interval-dose” treatment) has
signiﬁcantly contributed to the development and spread of
anthelmintic resistance (AR) of horse helminths. The high frequency of AR of small strongyles against Benzimidazoles and
partly also against Tetrahydropyrimidines together with an
increasing spread of AR of P. equorum against macrocyclic lactones urgently require epidemiologically appropriate deworming
approaches. The introduction of a selective (targeted) anthelmintic treatment schedule (SAT) in various European countries
has revealed a series of new and most promising insights and
scientiﬁc ﬁndings as presented in this overview: Since the
introduction of SAT e mostly only about 5-6 years ago - already
thousands of horses on hundreds of farms participate in this
system in various countries incl. Germany, the Netherlands,
Danmark, Sweden, Switzerland, etc., representing thus a very
high compliance for such a treatment schedule. This high degree
of compliance is particularly also important for two reasons: 1) It
reﬂects a willingness of horse owners and vets for pre-treatment
parasitological exams and 2) these exams are the basis and clearly
manifest their readiness for an evidence-based, parasite-speciﬁc
anthelmintic intervention. The SAT approach is fully in line with
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the two published EU - directives (2001, 2006) which aim at
performing diagnostic steps before treatment and reducing the
use of drugs. Highly relevant are the ﬁndings that on average
more than 40% of adult horses (>4 years) either do not show any
strongyle egg output at all, or egg counts below the deﬁned
treatment threshold level of 200 EpG, i. e. the number of
anthelmintic treatments could be signiﬁcantly reduced. On some
farms the reduction was more than 60% when compared to the
previous strategic treatment schedules, since only those horses
are treated which considerably contribute to the pasture
contamination. Furthermore, the number of horses which had to
be treated in the 2nd year of SAT - according to the threshold level
e signiﬁcantly decreased in a speciﬁcally designed study, suggesting that the number of treatments can possibly be further
reduced with time. An appropriate SAT procedure includes at the
same time the evaluation of the prevalence of Strongylus vulgaris
and the status of AR, resp. In-depth spectrum analyses in Germany and Switzerland revealed S. vulgaris prevalences of < 2%.
Preliminary results show that horses < 4 years cannot be treated
according to the same schedule. However, preliminary data from
monitoring programs on stud/foal keeping farms provide some
indications that a SAT approach might be possible when considering a different threshold level, the occurrence of P. equorum and
the additional work for sample collection. Analyzing more than
2500 fecal samples from 303 horses has clearly shown the existence of a repeatability of fecal egg counts (FEC) over time by the
identiﬁcation of so-called high and low egg-shedders. Statistical
analyses have proven a signiﬁcant within-horse-repeatability.
This further supports the idea that FECs can be used as a solid
basis for resulting treatment decisions in adult horses.
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Intestinal nematode infections can result in substantial impact on
health, welfare and performance of Thoroughbreds (TB). Amongst
these parasites are the cyathostomins, immunity to which is
incomplete and Parascaris equorum, which can cause severe
disease in youngstock; meaning life-long nematode control is
required in horses. Control is primarily achieved by anthelmintic
administration but decades of intensive anthelmintic usage,
whilst reducing prevalence of some parasites (e.g Strongylus
vulgaris) has promoted widespread resistance; particularly in
cyathostomins and Parascaris equorum. The aim of this project is
to identify parasite control practices on TB studs within the UK,
assess comparative clinical impact between interval (intensive)
and targeted (diagnostic based) deworming strategies and
determine drug efﬁcacy on a subset of TB studs. Nine TB studs
have undergone in-depth interviews and bespoke drug efﬁcacy
testing based on their anthelmintic use, control strategies and
clinical disease concerns. The centrifugal ﬂotation faecal (CF) egg
counting (FEC) technique, sensitive to 1 egg per gram (epg), was
used to detect strongyle-type and P. equorum eggs. On studs
where >10 animals showed >50epg (strongyle), faecal egg count
reduction tests (FECRT) were performed using WAAVP guidelines
to determine resistance status for pyrantel (PYR), <90% reduction,
and ivermectin (IVM) and moxidectin (MOX), <95% reduction.
Egg reappearance periods (ERP) were deﬁned as when group

arithmetic mean FEC post-treatment exceeded 10% of group FEC
arithmetic mean pre-treatment when sampled weekly (stud B
only) or fortnightly. Larval culture and morphological identiﬁcation of strongyle third-stage larvae was performed from pre- and
post-treatment samples. FECRT and ERP for all three major classes
of anthelmintic; PYR, IVM and MOX were carried out on eight
studs. Due to a high incidence of clinical disease on one stud,
double centrifugal sugar ﬂotation, CF and antibody detection
ELISA tests were used to detect tapeworm (Anoplocephala perfoliata) infection. On stud B youngstock [YS] (n¼7) PYR efﬁcacy
was 91.8%, ERP ¼ 3 weeks, and in mares (n¼8) mares it was 97.7%,
ERP ¼ 4 weeks; stud D only YS (n¼31) were tested and showed
resistance to PYR (reduction ¼ 60%), sensitivity to IVM (99.98%)
but borderline efﬁcacy to MOX (94.57%; with ERP reduced to 4
weeks); on stud F resistance to PYR was detected (n¼23 YS, n¼13
mares) with reductions of -8.24% and 76.96% respectively, IVM
and MOX efﬁcacy were 100% but ERPs were shortened in YS to 6
weeks (IVM) and 8 weeks (MOX); stud G showed PYR resistance
in YS (n¼18, 47.42% reduction) and borderline in adults (93.39%,
n¼3). Studs H and J are under currently under analysis. Most YS
show reduced FECRT compared to adults on the same farm for the
same drug; ERP periods for all drugs were reduced, with the most
concerning being reductions to 4 and 8 weeks for MOX on farms
with historical intensive avermectin usage.
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Conventional diagnosis of equine Strongylinae infections requires
culturing of eggs within feces to the infective, third larval stage for
morphological identiﬁcation. Standard protocols involve incubating the culture media for ~14 days and subsequently sedimenting for ~24 hours in a Baermann apparatus before
harvesting larvae and morphologically identifying them under
the microscope. This traditional method is plagued by low
negative predictive values, and larval recovery rates are highly
variable. This study evaluated the effect of 12, 24, and 48 hours of
sedimentation time within a simple Baermann apparatus on
larval recovery by collecting and examining the traditional sediment, “sediment 1,” and another sediment, “sediment 2”, obtained by centrifuging the usually discarded, remaining ﬂuid
contents of the same apparatus. Utilizing feces from two mares
residing in the parasitology research herd at the University of
Kentucky’s Maine Chance Farm, harboring a well described
gastrointestinal parasite community, 45 coprocultures were performed. This yielded 90 total sediment samples, and a grand total
of 147,482 larvae were recovered and examined. Duration of
sedimentation did not signiﬁcantly inﬂuence total larval recovery.
Signiﬁcantly more Cyathostominae and Strongylus vulgaris larvae
were recovered from sediment 1 at all durations of sedimentation, comprising ~70% and ~95%, of total recovered larvae,
respectively. Thus, the need for collection and examination of the
remaining ﬂuid contents of the Baermann apparatus is obviated
when performing coprocultures for general Cyathostominae recovery or for diagnosis of S. vulgaris infections as increased
sedimentation duration did not result in increased total larval
recovery or a higher percentage of larvae recovered in sediment 1.
However, less than 60% of all S. edentatus were recovered from
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sediment 1 at all three durations, and increased sedimentation
time also did not inﬂuence total S. edentatus recovery. S. edentatus larvae may be more mobile than other species and capable
of swimming above the traditional sediment 1 for a prolonged
period of time; Therefore, collecting and examining the entire
contents of the Baermann apparatus is necessary when desiring
an increased diagnostic sensitivity and negative predictive value
in diagnosing S. edentatus infections while traditional methods
are adequate for S. vulgaris diagnosis and Cyathostominae recovery. Although there is a need for future research to evaluate
the risk of selection bias at differing sedimentation times among
individual cyathostomin species and to determine more appropriate techniques for S. edentatus recovery, these data will allow
researchers and practitioners to make more informed decisions in
choosing appropriate larval recovery techniques, balancing recovery, time, and effort.
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Combination Deworming- a solution or exacerbation?
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Cyathostomins are the most clinically important endoparasites of
equids. Emergence of the encysted larvae from the intestinal
mucosa causes a potentially fatal illness, known as larval cyathostomosis, characterized by intestinal inﬂammation, diarrhea,
weight loss, and colic. Numerous studies have shown high levels
of resistance present in cyathostomin populations against benzimidazoles and tetrahydropyrimidines. Thus, the macrocyclic
lactone class is left as the only efﬁcacious treatment for cyathostome infection, and signs of emerging resistance have been
reported for this drug class as well. Evidence towards resistance
reversal comes from a ﬁve year simulation study in New Zealand
regarding combination deworming in sheep. It found that the
resistance to individual anthelmintics decreased when the parasites were treated with combination drugs for several years. The
goal of the present study was to provide information regarding
the efﬁcacy of combination deworming against equine cyathostomin parasites where resistance to both benzimidazole and the
tetrahydropyrimidine type drugs already exists. Prior to each
anthelmintic treatment, the ponies were weighed on an electronic scale and a fecal sample was collected. Post-treatment
samples were collected every two weeks for eight weeks. All
samples have been processed using the mini-FLOTAC technique.
An eight-week clean out period will follow each treatment. The
beginning of the study was dedicated to providing a baseline efﬁcacy of oxibendazole (oxi) and pyrantel pamoate (pyr) when
administered individually (Treatment 1). The ponies were ranked
based on fecal egg count (FEC), allocated into groups of two, and
randomly assigned to one of the two treatment groups. The
process was repeated over another eight week period with the
groups reversed (Treatment 2). Hereafter, all the ponies were
treated every eight weeks with both drugs to determine their
combined efﬁcacy and compare it to each individual drug group.
After one year of administering combination treatment, the
ponies will receive individual treatments again to assess any
changes in their efﬁcacy. Additionally, we will be able to observe
seasonal effects. Currently, data has been collected up to two
week post combination treatment (Treatment 3). Data is still
being generated at the time of writing this abstract and will be
presented at the conference. The group mean percent efﬁcacies
and 95% conﬁdence intervals are as follows: Treatment 1 Oxi:
51.85% ± 16.27%, Pyr: 57.25% ± 14.96%; Treatment 2 Oxi: 62.27% ±
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17.65%, Pyr: 44.27% ± 21.76%; Treatment 3 Combination: 73.28% ±
15.76%. It appears the combination treatment is more efﬁcacious,
but using the additive effect formula, we would expect the
combination treatment to be around 79% for treatment 1 and 2,
however in actuality the combination is slightly below this value.
This study will be continued over the next few years to determine
the efﬁcacy of the combination deworming approach as well as
each anthelmintic by itself.
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Ascarid parasites pose a signiﬁcant threat for small intestinal
impaction and rupture. The post-surgical long-term survival is
reported in the range of 9-60%. Anthelmintic treatment has been
identiﬁed as a signiﬁcant risk factor for these impactions, and
there is a need for identifying foals infected with large burdens
prior to treatment. However, ascarid egg counts suffer from a low
negative predictive value and do not correlate with the worm
burden, so they cannot reliably detect a heavy infection. Ultrasonography represents a diagnostic imaging modality frequently
applied in clinical case work-ups. However, it has not yet been
evaluated as monitoring technique in otherwise healthy foals.
This study aimed to develop and evaluate a transabdominal
scoring technique for the assessment of ascarid parasites present
in the small intestine of naturally infected foals. Ten foals underwent biweekly repeated transabdominal ultrasonographic
examination over the course of 6 months. Ascarid parasites
appear as highly echogenic structures with the cuticle forming
characteristic double parallel lines (Fig. 1). A scoring system was
developed going from 1 through 4, with 1 representing no signs of
ascarids and 4 corresponding to more than three worm sections
visualized on the exam. One score was assigned for each foal on

Figure 1. Transabdominal section performed in the ventral midline with
several visible worms in longitudinal section with the characteristic double
parallel echogenic lines (white circles).
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each examination day. Foals were euthanized at ages ranging
from 169 to 293 days and full worm counts performed. For the
second part of the study, ﬁfteen foals were randomly allocated to
three treatment groups; ivermectin, oxibendazole, and no treatment. Blinded ultrasound examinations were performed daily for
ﬁve consecutive days following treatment. Foals were both
ultrasounded twice by the same investigator, and by two different
investigators. Two consecutive examinations were found to reliably detect worm burdens larger than ten ascarids. Ascarid scores
declined in response to both anthelmintic treatments, although
differences were not statistically signiﬁcant. Kappa values indicated fair to moderate intra- and inter-observer agreements. The
ultrasonographic screening techniques can be a useful tool for
monitoring ascarid burdens in foals.

184
The perfect tripod for raising healthy horses: simple
management, good diagnostic, and a smart team
~o 1, J. Antunes 3
M.B. Molento*1, 2, L.L. Castro 1, C.L.H. Abraha
1
Laboratory of Parasitic Diseases, UFPR, Curitiba, Brazil; 2 INCT
Livestock, Brazil; 3 Sao Jose da Serra Stud, Brazil
The objective towards resilient farms is one of the challenges for
the future farmer focusing on animal welfare. Parasite infections
are responsible for important economic losses in horse farming,
either directly in animals that develop clinical signs or indirectly
by increasing treatment cost. Cyathostomins (small strongyles)
are recognized as one of the main parasitic pathogens of horses
and are associated with several clinical and sub-clinical effects in
young and adult animals. The objective of this study was to
evaluate the body growth and development of horses naturally
infected with cyathostomins, including their hematological parameters. The survey was conducted from August 2014 to
January 2015 with 30 Thoroughbred horses (21 females and 9
males), eight to 12 months of age and naturally infected with
>98% of cyathostomins. The animals belonged to Sao Jose da
Serra Stud, in Sao Jose dos Pinhais, Brazil. Animals stayed on
pasture (Lolium multiﬂorum and Paspalum notatum) and
received 15 to 30% protein in the diet 2x/day plus hay of Cynodon dactylon depending on age. Weight and height data and
stool samples were collected monthly. The faecal egg count
(EPG) exam was performed using mini-FLOTAC (x10). All animals
were dewormed with ivermectin plus pyrantel in September/
2014 as a routine spring-preventive treatment. Individual blood
samples were collected every two months (July, September,
November and January). The blood samples were performed for
leukocyte count and the percentage of packed cell volume. From
August to January the weight gain and the monthly growth of
the animals was on average 16.6; 28.2; 20.9; 14.0; and 17.3 kg
and of 1.9; 1.6; 1.0; 1.6; and 0.3 cm, respectively. The ﬁve-month
EPG average was 291.0; 0.0 (IVM+PYR treatment); 635.7; 1230.7;
986.0; and 2064.7. Although the highest monthly weight gain
was observed in September, the month in which the animals had
zero EPG, did not improve the growth of the foals. There was no
correlation (p>0.05) between EPG and body growth during the
period. The EPG did not differ between males and females and
did not affect their development when evaluated separately.
Despite the high EPG, all animals were clinically healthy and the
relative leukocyte count was within the reference values for
Thoroughbred horses. We found no signiﬁcant (p>0,05) correlation between EPG and the eosinophil count. Packed cell volume was within the reference values for all months. In the
present study, the evaluated hematologic parameters did not
change according to EPG, preventing their use as diagnostic

markers even for animals with different cyathostomin EPG
counts. Although factors like time and money have to be
considered, we conclude that foals that are raised under a welldeﬁned set of management practices can have little or no signs
of impairment due to worm infections, whilst parasite load was
not determine on pasture or in the animals.

160
Anthelmintic resistance in horse nematodes: Where
does it come from?
I.J.I. Janssen, M. Kaschny, J. Krücken, J. Demeler, G. von SamsonHimmelstjerna
Institute for Parasitology and Tropical Veterinary Medicine, Freie
Universit€
at Berlin, Berlin, Germany
Nematode infections impair health of horses worldwide.
Anthelmintic therapy is most often the only way to treat infected
animals in order to prevent the onset or further progress of
disease. As seen with other chemotherapeutic compounds used
for the treatment of parasitic infections, a few years after the
introduction of the macrocyclic lactones (ML) a loss of efﬁcacy or
even the occurrence of resistance became apparent. Underlying
mechanisms of this process are still not completely elucidated,
but altered activity of transmembrane efﬂux pumps like P-glycoproteins (Pgps) are considered a potential mechanism of MLresistance. Pgps reduce the intracellular accumulation of xenobiotics including drugs by an ATP-dependent transport. This in
turn impedes the achievement of effective drug concentrations
at the target site as demonstrated for ivermectin (IVM) in
mammalian cells earlier. IVM is a ML frequently used for
deworming horses e.g. in case of an infection with Parascaris sp.
This parasite is found in the small intestine predominantly of
young horses where it may lead to intestinal obstructions or
rupture of the intestinal wall. Apart from its pathogenicity, high
prevalence and worldwide occurrence, Parascaris sp. came into
focus as several cases of IVM-resistance became apparent. After
identifying two genes coding for Parascaris Pgps (Pgp-11 and
Pgp-16), they were analysed regarding morphological and
quantitative changes presumably being associated with anthelmintic resistance: By comparing the amino acid sequences of
Pgp-11 and Pgp-16 from different Parascaris populations, three
amino acid changes within Pgp-11 were found in all investigated
populations with decreased ML susceptibility, but were absent in
susceptible populations. Furthermore, in a group of worms with
reduced IVM susceptibility, a statistically signiﬁcant overexpression was observed for pgp-11 compared to a randomly
selected group. Another evidence for the participation of Pgps in
ML resistance was given by their heterologous expression in two
model organisms. While the transporter activity of Parascaris
Pgp-11 was analysed in the model nematode Caenorhabditis
elegans, the impact on ML susceptibility was also investigated
for Pgp-9 of another horse nematode (Cylicocyclus elongatus) in
a yeast strain lacking endogenous efﬂux transporters. Both assays were suitable to investigate the impact of Pgps on MLs and
vice versa.

203
A ﬁeld survey to investigate the anthelmintic efﬁcacy
against equine strongyles in Romania
Marius Catalin Buzatu 1, Ioan Liviu Mitrea 1, Eugene
Lyons 2, Mariana Ionita*1
1
University of Agronomical Sciences and Veterinary Medicine of
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Department of Veterinary Science, Lexington, Kentucky
Resistance to anthelmintics has become a major problem in veterinary medicine. In horses, over recent decades, increasing
resistance of small strongyles (cyathostomins) to several groups
of anthelmintics (e.g. benzimidazoles) has been reported. The
high prevalence of anthelmintic resistance in horses worldwide
imposes that future control programs should be designed to slow
the development of chemoresistance of parasites and to preserve
the efﬁcacy of the anthelmintic drugs in worm control programs.
Investigations into the efﬁcacy of current anthelmintics in
different locations are important to help developing future reliable control programs. Here we present a survey on the efﬁcacy of
two anthelmintics (ivermectin e IVM and fenbendazole - FBZ)
against equine strongyles in Romania, using a faecal egg count
reduction test (FECRT). Horses with a strongyle faecal egg count
(FEC) of >50 eggs per gram (EPG) were included in the study. The
anthelmintic efﬁcacy was determined by calculating the percentage of reduction in FEC between the group mean at Day 0 and
Days 14 post-treatment. A total number of 186 horses residing in
four stud farms have been selected for the survey. 120 and 66
horses were administered ivermectin (0.2 mg/kg) and fenbendazole (7.5 mg/kg), respectively. Individual faecal samples were
examined for strongyle eggs using a modiﬁed McMaster technique with a sensitivity of 25 EPG, on Day 0 and Days 14 posttreatment. The efﬁcacy of ivermectin against strongyles was
conﬁrmed in all four farms, with average values ranging from 98.4
to 100%. FBZ resistance was found on three farms, with mean fecal
egg count reductions of 47.4%, 55.27%, and 75.4%, respectively. In
conclusion, the ﬁndings emphasize the need for additional
studies to provide reliable data on the presence and extension of
the anthelmintic resistance phenomenon in Romanian horses.

100
Comparison of a Smart-Phone based Automated
Parasite Egg Count System to the McMaster & miniFLOTAC Methods
J.A. Scare*1, P. Slusarewicz 1, 2, C.P. Mills 1, 2, S.L. Pagano 1,2, E.
Hauck 2, M.K. Nielsen 1
1
MH Gluck Equine Research Center, Department of Veterinary
Science, University of Kentucky, Lexington, KY, USA; 2 MEP Equine
Solutions, Lexington, KY, USA
In the ﬁeld of parasitology, fecal egg counts are an essential tool
for determining the types of parasites present in an animal and
obtaining data regarding anthelmintic resistance. This method
poses several challenges; such as different test procedures,
operator dependence, equipment availability, and time commitment. Thus, the ﬁeld of parasitology is in need of an onsite, userfriendly and reliable fecal egg counting technique. A new technologically advanced diagnostic system involving a smartphone
shows promise for generating automatic counts. The purpose of
this study was to evaluate the consistency of the automated
counting system through comparison to the manual McMaster
and Mini-FLOTAC methods. This study used samples from 30
horses, with each method run in triplicates. This experiment
involved homogenizing ﬁve grams of a fecal sample with 45 mL of
sugar-salt ﬂotation solution in the ﬁll FLOTAC apparatus. This was
used to ﬁll three McMaster chambers and three Mini-FLOTAC
slides, each with two chambers, for manual counting. The
remaining sample was aspirated through a series of 400mm, 200
mm, and 90 mm ﬁlters to remove large debris particles. Three
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milliliters of the ﬁltered sample was pipetted onto each of three
20 mm ﬁlters to obtain concentrated eggs which were then
bleached and stained with a ﬂuorescent egg binding protein while
on the ﬁlter. Each ﬁlter was attached to the smartphone docking
unit complete with a LED light source and optical ﬁlter. The
smartphone system uses an application with predetermined
standards to photograph the ﬂuorescently detected eggs and
count them, as shown in Figure 1. Correlation values (R2) and the
coefﬁcient of variation (CV) were used for statistical analysis. A
previous pilot study generated data for the comparison of the
smartphone system and the McMaster methods. The results for
McMaster to Smartphone R2¼ 0.77, CV¼ 0.377. The Mini-FLOTAC
data is still being generated at the time of this abstract, but will be
presented at the meeting. Overall, the counts generated by the
smartphone system compared reasonably to the manual methods
and further improvements are already taking place.

Figure 1. An image taken by the smartphone of concentrated, bleached, and
stained strongyle eggs. The purple circles indicate identiﬁed and counted
eggs.

098
Objective evaluation of two deworming regimens in
young Thoroughbreds using average daily gain, body
condition score, and parasitological parameters
J.L. Bellaw*1, J. Pagan 2, S. Cadell 3, E. Phethean 2, J.M.
Donecker 4, M.K. Nielsen 1
1
M. H. Gluck Equine Research Center, Department of Veterinary
Science, University of Kentucky, Lexington, KY, USA; 2 Kentucky
Equine Research, Versailles, KY, USA; 3 Hallway Feeds, Lexington,
KY, USA; 4 Zoetis, Outcomes Research, Reidsville, NC, USA
Helminths parasitizing equids are capable of causing general illthrift, clinical disease, and death. Foals and young horses are
especially susceptible to these parasites and their pathology and
are the most intensively treated cohort. Despite this and the
escalating problem of anthelmintic resistance, deworming regimens are rarely evaluated in this age group. This study evaluated
the inﬂuence of two distinct deworming regimens on fecal egg
counts and foal growth rates and body-condition scores in Thoroughbred foals for ~16 months. Three central Kentucky farms
utilizing a standard monthly weighing system were enrolled in
this study with a total of 48 Thoroughbred foals. These foals were
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blocked by gender and birth-weight and randomly allocated to
two treatment groups: an interval dose program receiving bimonthly rotations of pyrantel pamoate and ivermectin beginning at two months of age and a daily deworming group
receiving oxibendazole at two months of age, daily rations of
pyrantel tartrate feed additive throughout the study, and moxidectin treatments at 9.5 and 16.5 months of age. In addition to
collecting the performance parameters of monthly body weights
and body condition scores, parasitological parameters, including
pre- and post- treatment fecal egg counts (FEC) of Parascaris
spp. and strongyle family parasites and calculated gel/paste
dewormer efﬁcacies were collected. Data were analyzed using
mixed linear modeling. Ascarid and strongyle FECs were not
statistically different between groups and were only signiﬁcantly inﬂuenced by foal age; strongyle counts increased
throughout the duration of the study and Parascaris spp. counts
peaked at 4.5 months of age. Reduced efﬁcacy of ivermectin and
moxidectin against strongyles was observed on two farms
respectively with consistently low pyrantel pamoate efﬁcacy on all
three farms. Ivermectin also exhibited reduced Parascaris spp. efﬁcacy. Monthly body weight converted to average daily gain was
not signiﬁcantly different between groups and was only signiﬁcantly inﬂuenced by age, mirroring the average daily gain reference data for Kentucky Thoroughbreds born in 2013 generated by
Kentucky Equine Research. Body condition scores remained in the
optimal range (5-6) for the duration of the study and did not differ
between groups. This maintenance of optimal performance parameters is likely due to both the excellent immuno-nutritional
status of these well-managed horses and the generally low pathogenicity of these gastrointestinal parasites. Both measures of
parasitological and performance parameters are useful in evaluating parasite control programs in maintenance of overall equine
health.

051
Serological prevalence of Anaplasma phagocytohilum in
two cities of Minas Gerais State, Brazil
L.G. Prado*1, M.S. Palhares 2, A.L.S. Miranda 2, R.M. Victor 2, J.A.G.
Silveira 3, M.F.B. Ribeiro 3
1
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Anaplasma phagocytophilum is the recently emended name
replacing three species of granulocytic bacteria, Ehrlichia phagocytophila, Ehrlichia equi and the agent of human granulocytic
ehrlichiosis (HGE), based on their genetic similarity. A. phagocytophilum is an obligate intracellular organism that infects
predominately white blood cells, especially neutrophils It is
transmitted by ticks such as Dermacentor (Anocentor) nitens,
Ripicephalus (Boophilus) microplus and Amblyomma cajennense. It
can affect ruminants, horses, rodents, canids, birds and men. A.
phagocytophilum is the agent of Equine Granulocytic Anaplasmosis (EGA) in the horse. EGA is currently described as an acute
disease characterized by high fever, depression, lack of appetite,
hind limb ataxia, distal limb edema, and hematological alterations, such as thrombocytopenia, neutropenia, lymphopenia
and mild anaemia. In Brazil, few studies have been conducted
regarding epidemiology of EGA, although veterinarians have
described several clinical cases of this disease. In order to clarify
its epidemiological situation, this study was carried out aiming a
ia,
serological survey of equids in S~
ao Vicente de Minas and Atale

both cities located on the state of Minas Gerais, Brazil. Blood was
collected into clotting tubes through venipuncture of the horses’
ia and 88
jugular external vein. A total of 84 animals from Atale
from S~
ao Vicente de Minas participated in the study. Serum was
then centrifuged and processed according to the Indirect
Immunoﬂuorescence Assay (IFA) protocol. Results showed that
76.16% (131/172) reacted to the IFA test, independently of the
ia, a prevalence of 70% of reactive
sample’s city origin. In Atale
animals were found, whereas in S~
ao Vicente de Minas the value
was of 82%. These results demonstrate that the agent of equine
granulocytic anaplasmosis is present in these cities and a high
number of equines have been infected by A. phagocytophillum.
Since EGA clinical signs are not speciﬁc, more clinical essays and
controlled experiments should be performed. Only then will we
better understand A. phagocytophilum infection and epidemiology, thus avoiding misdiagnosis and consequential ﬁnancial
losses to breeding farms as well as those to equine welfare.
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Detection of Neospora spp. antibodies in horses from La
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Neospora caninum and N. hughesi are apicomplexan parasites
affecting several animal species worldwide. Horses have been
reported as intermediate hosts of these protozoans. Neospora
caninum is an important cause of bovine abortion and neurological signs in dogs while N. hughesi is reported as potential cause of
equine protozoal myeloencephalitis (EPM). Little is known about
neosporosis in Argentinean horses. The aim of the present study
was to indentify antibodies against Neospora spp. in horses from
La Pampa, Argentina. Serum samples (n¼42) were randomly
selected from a group of 300 horses belonging to rural areas from
La Pampa province, Argentina. All animals were clinically healthy.
The samples were processed by 4 serological tests using N. caninum antigen: indirect ELISA (CIVTEST HIPRA) with G protein as
conjugate; a competitive ELISA (VMRD) proceeding according to
manufacturer instructions; indirect ﬂuorescence antibody test
(IFAT) and Immunoblot (IB) both using Nc1 strain as antigen.
Serum sample from an experimentally infected (Nc1 strain)
young horse was used as positive control. Positive serological
results were detected as follows: 30% of samples (n¼13) by ELISAHIPRA, 28% (n¼12) by IFAT, 26% (n¼11) by IB and 16% (n¼7) by
ELISA-VMRD. A total of 12 samples resulted positive to 2 or more
tests. Most of the positive samples (n ¼ 9) were seropositive by
IFAT and IB. Considering the positivity to these 2 tests as “true
positive”, 21.4% of horses showed antibodies against N. caninum
antigens. Since potential cross reactions between Neospora spp.
are plausible we considered the detected antibodies as genusspeciﬁc. Further studies should be conducted with speciﬁc N.
hughesi serological tests for speciﬁc differentiation of the immunological responses observed. The present study is the ﬁrst report
of Neospora spp. antibodies detection in Argentinean horses. The
seropositivity rate detected suggests that horses from La Pampa
have a frequent contact with Neospora spp. Future studies will be
conducted in horses with clinical signs.
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The causative agent of dourine, Trypanosoma equiperdum, may
cross the brain-blood-barrier leading to the apparition of nervous
signs in infected horses. This location participates to the protection of the parasite from most (if not all) existing chemotherapies.
In this context, the OIE terrestrial code considers dourine as a
non-treatable disease and imposes to practice a stamping-out
policy for affected animals to recover a country free status. A
recent study suggests that melarsamine hydrochloride has the
capacity to cure infected horses (Hagos et al., 2010). Still, the
perspective to authorize Cymelarsan® for dourine treatment remains under debate since its capacity to eliminate the parasite
from nervous system central is not proven. The goal of this study
is to evaluate the capacity of Cymelarsan® to eliminate T. equiperdum from the overall organism of infected ponies including
cerebrospinal ﬂuid. For this purpose, four female Welsh ponies
were infected with the T. equiperdum OVI reference strain. Parasites were observed in the cerebrospinal ﬂuid of the four ponies
between 5 to 19 days after detection in the blood, thus validating
our dourine nervous stage model. Two ponies were treated one
day after observation of the parasites in the cerebrospinal ﬂuid
(early treatment) and two were treated after apparition of nervous clinical signs (late treatment). Following one administration
of Cymelarsan® (0.5 mg/kg), T. equiperdum was cleared from the
blood of the two lately treated ponies but a massive infection was
observed in cerebrospinal ﬂuid. Thereafter, a daily repeated
Cymelarsan® (0.5 mg/kg) treatment was administrated to one of
the lately treated ponies (n¼5 injections) and to the two early
treated ponies (n¼6 injections). Following this treatment, parasites were cleared from the blood circulation of all the ponies but
a massive T. equiperdum infection was observed in the cerebrospinal ﬂuid one of the lately treated pony and not of the two early
treated animals. As a conclusion, the Cymelarsan® treatment
failed to cure the two ponies at a single dosage but efﬁcacy of a
repeated treatment can be supposed depending on the stage of
the disease. Further experimentations are ongoing in order to
conﬁrm these results.
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Evaluation of two methods for the diagnosis of equine
gastric habronemosis caused by Habronema muscae
S.M. Toenges 1, 2, R.K. Schuster*1, S. Sivakumar 1
1
Central Veterinary Research Laboratory, Dubai, UAE;
Hochschule für Technik, Berlin, Germany
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Equine habronematidosis is caused by nematodes of the family
Habronematidae and occurs clinically as gastric, cutaneous and
pulmonal forms. Causative agents are Habronema muscae, H.
microstoma and Draschia megastoma. Despite their world-wide
distribution of these nematodes habronematidosis has drawn
only little attention to veterinarians. One of the reasons is the
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difﬁculty to detect exogenic stages with routine diagnostic
methods. The aim of our study was to compare the efﬁcacy of a
modiﬁed Mertiolate-Formaldehyd-Concentration (MFC) method
for direct detection of Habronema eggs with a xenodiagnostic
method where the parasite undergoes a partial development in
houseﬂy larval stages grown on horse faeces. In a ﬁrst step, out of
6 visited places a suitable horse farm was selected to carry out our
examinations. For this, muscid ﬂies were caught and examined
for the presence of Habronema larvae. Infected ﬂies were found in
5 of the 6 farms in prevalences between 8 and 25%. The main trial
was carried out with faeces of 33 horses of a riding school in
which the prevalence of Habronema larvae in houseﬂies was 12%.
Horse faecal samples were taken twice with an interval of 3
weeks. Three grams of faeces were used for the MIFC method that
includes mixing the sample with 10 ml merthiolate-formaldehydsolution and pouring the solution though a sieve (100 mm mesh)
into a falcon tube. After adding of 2 ml of ethyl-ether and mixing
the sample was centrifuged for 1 min at 241 g. Contrary to the
classical MIFC method that uses iodine we used methylen blue as
dye. Three drops of the stained sediment were transferred on a
slide and examined at a magniﬁcation of 200 times. For the
xenodiagnostic method, 50 g of the faeces were put for 2 - 4 h in a
cage containing 500 adult house ﬂies to allow the insects to deposit their eggs. The faecal sample was then stored at 26oC in a
plastic container closed with a soft facial tissue. Flies that hatched
2-3 weeks later were immobilized by cold and were examined
under a stereoscopic microscope for the presence of Habronema
larvae. The ﬁrst feacal check with the MFC method gave 5 positive
results while the xenodiagnostic method with the subsequent
samples diagnosed 17 positive horses. In 3 samples ﬂies did not
develop. A repeated examination 3 weeks later showed Habronema eggs in 17 samples. The xenodiagnostic method conﬁrmed
the 17 positive horses of the ﬁrst examination and found 3
additional samples. As a result of our trial we can conclude that
the MFC method can be used to conﬁrm suspected cases of gastric
H. muscae infection. However, not all horses excrete sufﬁcient egg
numbers all the time. This makes it necessary to examine a
further sample. The more time-consuming xenodiagnostic
method is more precise and can be used as gold standard.
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Houseﬂy larvae of all stages can become infected with
Habronema muscae
R.K. Schuster*1, S. Sivakumar 1
1
Central Veterinary Research Laboratory, Dubai, UAE
The larval stage of equine stomach worm, Habronema muscae, had
been known 50 years prior to the description of the adult nematode. As a result of early life cycle studies carried out with house ﬂy
(Musca domestica) larvae grown on horse faeces in the ﬁrst half of
the last century it was found that the helminth larvae invade cells
of the adipose tissues of the maggot and it was concluded that the
development of parasite and ﬂy is synchronized in a way that the
infective nematode larva is fully developed when the adult ﬂy
emerges. The objective of this research was to ﬁnd out which
developmental stage of house ﬂy larva is susceptible to H. muscae
infection. For this, M. domestica eggs were collected from a moist
artiﬁcial breeding substrate (wheat bran, alfalfa ﬂour and yeast)
and transferred onto faecal samples of a horse with gastric habronemosis. Between day 2 (group D 2) and day 11 ﬂy (group D 11)
larvae were reisolated and placed in containers ﬁlled with artiﬁcial
breeding substrate. The experiment was conducted in the laboratory at 24-26 oC. Under these conditions 1st and 2nd stage
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maggots occurred 24 and 72 hours after oviposition, respectively.
First 3rd stage maggots appeared one day later. Pupation started on
day 8 after oviposition and most of the adult ﬂies emerged between day 13 - 16. Altogether 386 freshly hatched ﬂies were
dissected and examined for nematode larvae. The average number
(abundance) of Habronema larvae per ﬂy rose steadily from 1.75 in
group D 2 to more than 25 in groups D 10 and D 11. In the positive
control group where ﬂy larvae underwent their whole development on horse faeces parasite abundance equaled to 34.7, with a
maximum burden of 60. Contrary to this, the development rate of
ﬂies from egg to imago declined from 74% in the group D 2 to 25% in
group D 11. Flies that emerged from samples of groups D 9 - D11
and of the positive control were 30% shorter compared to those of
the uninfected control group. There was no difference in parasite
abundance between male and female ﬂies. First stage Habronema
larvae were seen in the intestine of ﬂy maggots at day 2. Second
stage nematode larvae of sausage shape remained in the adipose
tissues of ﬂy larvae with little changes in growth. The moult into
the 3rd infective larval stage of the nematode only took place in the
ﬂy pupa. Out of 325 infected ﬂies, nematode larvae were seen in
caput, thorax and abdomen of 279, 243 and 284 individuals,
respectively. The highest density of Habronema larvae in freshly
hatched ﬂies was found in the abdomen. As a result of our observation we can conclude that all larval M. domestica stages (1st, 2nd
and 3rd instars) can become infected with H. muscae larvae and
that the exposure to nematode eggs has a negative inﬂuence on
survival and development of M. domestica.
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In Argentina, as many countries of the world, the most prevalent
intestinal horse nematodes are small strongyle species or cyathostome group and presently there are practically just two clases
of anthelmintics to control these parasites, benzimidazoles and
macrociclic lactones. Pyrantel, a comom drug to control horse
parasites in other parts of the world has practically not been used
in Argentina. The gold standard for evaluation of the anthelmintic
susceptibility of strongyle infection is the Feacl Egg Count
Reduction Test (FECRT) which determine the average reduction in
nematode egg count following treatment of a group of horses by
obtaining quantitative egg counts on the day of treatmente and
aproximately two weeks later. According to the FECRT populations of cyathostomins resistant to benzimidazoles are widespread in the country [1],[2] with more than 80 % of the farms
studied showing anthelmintic resistance to these drugs . Despite
these reports, dissemination of this information among equine
veterinarians and owners has been poor and the use of benzimidazoles to control these parasites is still common. There is not
report of cyathostome populations resistant to macrocyclic lactones despite over 30 years of use of these drugs in the country.
However recently there are some ﬁeld evidences that a shortened
egg reaparence period appears to be emerging after ivermectin
treatments. With respect to Parascaris equorum, wich is considered the most important parasitic pathogens of foals, during 2006
there have been two reports of suspected ivermectin resistance
based on FECRT but they have not yet been conﬁrmed with
controlled efﬁcacy studies. The clinical sigiﬁcance of anthelmintic
resistance in cyathostomes or Parascaris equorum is currently

unclear. Due to the relatively low pathogenicity of most cyathostomin infections, the anthelmintic resitance impact should be
considered when this issue is discussed but the use of benzimidazoles should be avoided unless controls are carried out after
treatment to determine its effectiveness. In contrast to the cyathostome, failure to control P. equorum with macrocyclic lactones,
would lead to severe clinical disease with diarrhoea, gastrointestinal impaction and ocasionally perforation or ruptura of small
intestine. Equine veterinarians should assess the presence of
anthelmintic resistance in the farms before establishing a parasite
control program. The FECRT, despite its limitations, should be
used at least annually to monitor any program they institute on a
farm for rational and sustainable use of anthelmintics.
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Background: in June 2005 was documented for the ﬁrst time in
Argentina (Santa Fe province) the presence in a horse farm of
cyathostome populations resistant to benzimidazole [1] .From
then on, the use of this chemical group was supplanted by ivermectin at this facility. The horse herd was relatively stable and
closed and a new study was conducted in June 2014 to determine
whether the absence of use of benzimidazoles may have affected
the susceptibility of nematodes to this drug and compare the
efﬁcacy of ivermectin. Materials and Methods: twelve horses of 49 years of age were treated with mebendazole (6.25 mg / kg oral)
and then re-treated twelve days later with ivermectin (0.2 mg / kg
oral). The number of eggs/g feces eliminated (epg) was determined before and after treatment to perform a Fecal Eggs Count
Reduction Test (FECRT) to evaluate clinical efﬁcacy of the anthelmintics, using the following formula : % efﬁcacy ¼ (1-T2 / T1)
x 100 , where T1 and T2 represent the average epg post and pretreatment respectively [2]. Results and discussion: after treatment with mebendazole and ivermectin, the FECRT was 40.53%
and 100% respectively. The cyathostome population studied
remained resistant to benzimidazoles after nine years without the
use of benzimidazoles. These observations conﬁrm that once
resistance develops in a population of nematodes, the chances of
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reversion to susceptibility are very slim. In the pre and post
treatment stool cultures, all larvae obtained were classiﬁed as
cyathostomes. Benzimidazoles resistance is widespread in the
central area of Argentina [3] . In this context, the use of these drugs
to control small strongyles could be currently inadvisable unless
controls are carried out post treatment to establish efﬁcacy
thereof. Practitioners need to determine if anthelmintic resistance is present before advice control parasite programs. Presently, FECRT is the most appropriate method for these practices
and should be used regularly to monitor the resistance status on
horse farms.
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sucrose solution. A high amount of Sarcocystis spp. oocysts/sporocysts were observed (Fig. 1). DNA was extracted from concentrated oocysts with a commercial kit (ZR Fecal DNA, Zymo
Research). The sample was identiﬁed as S. neurona by speciﬁc
PCR-restriction fragment length polymorphism (RFLP) and by
sequencing of a fragment of the 18S rRNA gene. Approximately 5 x
105 oocysts were subjected to a pepsin-HCl digestion followed by
a physical disruption. Released sporozoites were used to infect
fresh BM cell cultures, maintained by 3 passages during 2 months
and further preserved in liquid nitrogen. This study represents the
ﬁrst isolation of S. neurona in Argentina. Further studies will be
conducted in order to identify antigen expression as well as to
compare genetic characteristics between the isolated strain and
reference strains.
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Sarcocystis neurona is an Apicomplexan parasite which affects a
wide range of animal hosts. This protozoan is the main cause of
equine protozoal myeloecephalitis (EPM) in Western Hemisphere
horses. The parasite reproduces sexually in the intestine of
deﬁnitive hosts (DH) and asexually in tissues of intermediate and
aberrant hosts. The geographical distribution of S. neurona is
related with the distribution its deﬁnitive hosts, the opossums
Didelphis virginiana and D. albiventris. A recent serological study
conducted in Argentinean horses using S. neurona antigen
revealed an overall seroprevalence of 26.1%. However, the parasite
has not been isolated in Argentina. Tissues from an opossum (D.
albiventris) hunted by dogs in a farm from the central region of
Buenos Aires province were collected. Horses raised in the farm
showed a 50% (10/20) S. neurona seroprevalence. One seropositive
horse developed neurological signs and evidenced clinical
improvement after a 2 month treatment with Ponazuril. A complete necropsy of the opossum was conducted and the intestinal
mucosal scraping was subjected to a parasitological study with

Figure 1. Sarcocystis spp. oocysts collected from opossum intestinal scrapping after sucrose ﬂotation.
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Dourine is caused by the protozoan parasite Trypanosoma equiperdum and is a serious, often chronic, venereally transmitted
disease of horses and other equids. Once widespread, Dourine
has been eradicated from many countries but may still be
detected in horses in Asia, Africa, South America, Southern and
Eastern Europe, Mexico and Russia. It was reported in June 2011
in Sicily and north of Naples, on the Italian mainland [1]. Dourine
is an OIE listed notiﬁable disease. Laboratory diagnosis of
Dourine is performed through serological tests such as CFT, IFAT
and ELISA. The OIE recommended test for international trade of
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horses is the Complement Fixation Test (CFT). However, studies
have shown that CFT cannot differentiate between species of
Trypanosoma as the CFT is not species speciﬁc [5]. The diagnostic
signiﬁcance of this test is therefore doubtful in countries where
both T. equiperdum and T. evansi infections occur. Human
sleeping sickness [6] caused by T. gambiense and surra in camels
caused by T. evansi [2] can be diagnosed with T. equiperdum
antigen. In collaboration with the Instituto G. Caporale, Teramo,
Italy, we received 8 conﬁrmed Dourine positive equine sera
samples of different titres collected during the Italian outbreak
in 2011 [4]. These 8 sera were further tested at CVRL using antigen preparations from 7 different T. equiperdum strains
including ITMAS 170108 (OVI), ITMAS 070109 (Botat), ITMAS
261003B 943 (Ethiopian), ITMAS 220101 (American), ITMAS
211199A (French), ITMAS 241199B (German), ITMAS 290101
(Canadian), as well as T. evansi strain. T. evansi strain was isolated
from a dromedary in Dubai [3]. The results of these investigations are summarized in Table 1. As seen from the Table, 8
sera reacted with different titres against different T. equiperdum
strains as well as T. evansi. This proves that standardization of T.
equiperdum antigen for use in CFT is an important issue.
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A molecular survey of equine piroplasms was conducted using
samples collected from symptomatic and asymptomatic horses of
Central Italy. Case deﬁnition for the acute form of piroplasmosis
was temperature >38 C and at least one of the following signs,
jaundice, anaemia and petechial haemorrhages, and a PCR positive result. Phylogenetic analysis was conducted on sequences of
78 blood samples collected in 2013/14, having either low Ct values
in real-time PCRs (46 samples) for the parasites or a PCR pos/
ELISA neg (VMRD, USA) result (32 samples). Sequencing was
performed on the V4 hypervariable region of the 18S rRNA gene

Table 1
CFT results of 8 Dourine-positive Italian horse sera using T. evansi and different strains of T. equiperdum antigens
SAMPLE ID

NAM 3
NAM 4
BATCH 0036
BATCH 0037
BATCH 0039
BATCH 0038
BATCH 0040
BATCH 0041

CVRL CFT

CFT

CVRL CFT ** (with different T. equiperdum strains)

T. evansi*

Teramo, Italy

Ethiopian Ag

Ovi Ag

French Ag

Canadian Ag

German Ag

BoTat Ag

American Ag

1:20++++
1:40++
1:20+++
1:20+
Negative
1:160+
1:10++++
1:5++++

1:320++
1:640++
1:2560
1:160
1:10
1:2560
1:160
1:160

1:160+
1:160++
1:40+
1:40++
1:2++
1:640++
1:40+
1:10+

1:80++
1:80++
1:40+++
1:40+++
1:5++
1:320++
1:40+
1:5+++

1:40++
1:40++
1:40+
1:20+
1:2+
1:320+
1:20+
1:2+++

1:40+++
1:80+
1:40+
1:40+
1:2+
1:320+
1:10+++
1:5+++

1:80++++
1:160+
1:80+
1:80+
1:5++
1:320+
1:80+
1:10++

1:80+
1:80+
1:20++
1:40+
1:2++
1:320+
1:20++
1:10+

1:80+
1:80+++
1:80++
1:40++
1:5++
1:640++
1:40++
1:5+++

*The optimum dilution of T. evansi antigen for CFT testing has
been obtained by performing checker board with T. evansi positive serum
**The optimum dilution of different isolates of T. equiperdum
antigen for CFT testing has been obtained by performing checker
board with T. equiperdum positive serum.
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which was 390 bp for B. caballi and 430 for T. equi [1, 2]. Using
BLAST, sequences were aligned with those deposited in GenBank
for both piroplasms, having a minimum 98% query coverage and
>97% homology. Genetic distance and homology conﬁrmed that
sequences of both parasites could be divided into the 3 groups,
with a homology among the groups >97% [1, 2]. Group 1 included
sequences homologous to ﬁrst-ever reported piroplasms, group 2
to the “like genotypes” [1], and group 3 included those with
equidistant homology for the two groups [2]. Among the 72 sequences identiﬁed as T. equi, 39 belonged to group 1, 24 to group
2, and 9 to group 3. Group 1 included 62% (24/39) of the sequences of symptomatic horses, while 96% (23/24) of T. equi like
(group 2), were from asymptomatic horses. Studies report that
sequences within group 1 and 2 are in all endemic areas, while in
America only group 1 and 3 are present. To date, sequences
belonging to Group 3 were never submitted for Europe and Asia.
Of the 27 T. equi PCRpos/ELISAneg samples, 23 (85.1%) had Group
1 sequences with 19 of them from symptomatic horses. For B.
caballi, 7 sequences were obtained, of which only 2 were from
horses positive for ELISA, 4 belong to group 1, 1 to group 2, and 2
to group 3. No clinical signiﬁcance was attributed to this parasite
due to the limited number of sequences available. Sequences
within the same groups and their wide geographic distribution
suggest that the diversity could be independent from their origin
and probably linked with the international movement of equidae.
The present study is the ﬁrst to report group 3 for both parasites
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in Europe. Further studies are required to investigate the relatively low sensitivity of the ELISA and the possible correlation of
the clinical evolution of the infection with the genetic group.
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Anthelmintic resistance in Irish equine nematode
populations
N. Elghryani, T. de Waal*
University College Dublin, School of Veterinary Medicine, Dublin,
Ireland
The control of nematodes in grazing equids has been reliant on
the intensive use of anthelmintic drugs for many decades. This
has resulted in the development of resistance against the
commonly used anthelmintic drugs in many countries. We undertook a survey to investigate the prevalence of anthelmintic
resistance on 14 Thoroughbred- and two donkey- populations in
Ireland. Anthelmintic efﬁcacy against nematodes was determined
by calculating the percentage reduction in the faecal egg count
(FEC) between the group mean at Day 0 and Day 14 post-

S55

treatment. FECs were performed using the mini-FLOTAC technique. Animals were treated with either benzimidazoles, ivermectin or moxidectin drugs. Thresholds for appropriate efﬁcacy
were chosen at an arithmetic mean FECR of >95% for ivermectin/
moxidectin and >90% for benzimidazole drugs. Based on these
criteria, resistance to benzimidazoles was found in 1 group of
adult mares (FECR ¼38%) and in in three groups of yearling horses
(FECR range 0-86%). Ivermectin was effective on all populations
with a FECR range between 95-100%. Reduced efﬁcacy of moxidectin was observed in one yearling group (FECR ¼ 67%) and in
two adult mare groups (FECR range 89-92%). In addition FECs
were also calculated at 2 week intervals for up to 16 weeks after
anthelmintic drug administration to determine the egg reappearance period (ERP) for benzimidazoles, ivermectin and moxidectin. ERP was deﬁned when the group arithmetic mean FEC
exceeded 10% of the group arithmetic mean FEC at Day 0. The
results indicated that ERP for moxidectin and ivermectin ranged
from 28 e 56 days and 14 days for benzimidazoles. Overall the
results from this study indicate that benzimidazole, ivermectin
and moxidectin are still effective on the majority of farms. However, ERP results would suggest that these products are less
effective compared to label claims as a shortened ERP is believed
to be an early indicator of resistance. This highlights the need for
more targeted approaches in the control of nematodes in Irish
equine populations to slow down the impending development of
multi-drug resistance parasite populations.
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Application
of
ORF68-based
grouping
to
an
epidemiological survey of epidemic abortions caused
by equine herpesvirus type 1

supporting the possibility of EHV-1 transmission between these
farms. In conclusion, ORF68-based grouping can be used as a
genetic marker for epidemiological surveys of EHV-1 infection.
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The Hidaka district of Hokkaido, Japan, is a major horse-breeding
area. In the district, epidemic abortions caused by equine
herpesvirus type 1 (EHV-1) infection have occurred since 1967.
Between 2001 and 2015, 346 EHV-1 abortions occurred on 192
farms in the Hidaka district. Investigation of the epidemiological
relationships among affected farms is important for evaluating
farm management practices for prevention or containment of
EHV-1 infection. It is likely that using genetic markers that
discriminate virus strains could support the analysis of virus
transmission. Although the EHV-1 genome is relatively stable, the
nucleotide sequence of its ORF68 is highly polymorphic. Nugent
et al. [1] reported that EHV-1 isolates from outbreaks in North
America, South America, Australia, and Europe could be categorized into six groups (groups 1 to 6) according to the single
nucleotide polymorphisms (SNPs) found in ORF68, and that this
grouping was substantiated by genome-wide SNP typing. Here,
we applied the ORF68-based grouping to an epidemiological
survey of EHV-1 abortions in the Hidaka district. A total of 326
EHV-1-positive aborted fetus samples were obtained from 189
farms located in six towns in the district between 2001 and 2015.
Fetal lungs or thymuses were processed for DNA extraction. An
832-bp gene fragment of ORF68 was ampliﬁed by PCR and then
direct sequenced. ORF68 sequences of 313 isolates collected from
184 farms were determined. In 57 out of 58 farms, where multiple
abortions (two or more) had occurred, all isolates from the same
farm belonged to the identical ORF68-based group, indicating
that a particular EHV-1 strain was the principal cause of an
outbreak of EHV-1 abortion on the one farm. Strain groups 1, 2, 3,
5, and 6 were observed on 80, 12, 16, 76, and 1 farms, respectively.
(On one farm, group 1 and 5 strains were observed simultaneously.) No group 4 strain was observed. The distribution of each
strain group was not biased within the six towns (chi-squared
test: P ¼ 0.227). These results indicate that various EHV-1 strains
are already widely distributed in the Hidaka district. In contrast,
in 2012, EHV-1 abortions occurred on ﬁve farms located within a
small area, and isolates belonging to group 5 strains, with a
unique SNP (T/C626), were isolated on four of these farms,
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Identiﬁcation of risk factors which are associated with severe
clinical signs can assist in the management of disease outbreaks
and indicate future research areas. Pregnancy loss during late
gestation in the mare compromises welfare, reduces fecundity
and has ﬁnancial implications for horse owners. This retrospective study focused on the identiﬁcation of risk factors associated
with pregnancy loss among 46 Thoroughbred mares on a single
British stud farm, with some but not all losses involving equid
herpesvirus-1 (EHV-1) infection. In a sub-group of 30 mares,
association between pregnancy loss and the presence of ﬁve
common Thoroughbred horse haplotypes of the equine Major
Histocompatibility Complex (MHC) was assessed. This involved
development of sequence speciﬁc, reverse transcriptase polymerase chain reactions and in several mares, EHV-1 speciﬁc,
cytotoxic T lymphocyte activity. Of the 46 mares, 10 suffered late
gestation pregnancy loss or neonatal foal death, ﬁve of which
were EHV-1 positive. Maternal factors including age, parity,
number of EHV-1 speciﬁc vaccinations and the number of days
between ﬁnal vaccination and foaling or abortion were not
signiﬁcantly associated with pregnancy loss. In contrast, a statistically signiﬁcant association between the presence of the
MHC class IB2 allele and pregnancy loss was identiﬁed, regardless of the fetus/foal’s EHV-1 status (p¼0.002). In conclusion, this
study demonstrated a signiﬁcantly positive association between
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pregnancy loss in Thoroughbred mares and a speciﬁc MHC class I
allele in the mother. This association requires independent
validation and further investigation of the mechanism by which
the mare’s genetic background contributes to pregnancy outcome.
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Equine viral arteritis (EVA) is a respiratory and reproductive disease of widespread occurrence among equid populations. EAV can
cause long-term persistent infection in 10-70% of the infected
stallions (carrier state), and the establishment and maintenance
of EAV carrier state is testosterone-dependent. Carrier stallions
constitute the natural reservoir of EAV and they continue to shed
virus in semen for a long period of time ranging from weeks to
life-long., EVA has a signiﬁcant economic impact on the equine
breeding industry due to the restriction of international movement of horses and the use of carrier stallions for natural and
artiﬁcial breeding. Several therapeutic approaches to clear the
carrier state (gonadotropin releasing hormone [GnRH] antagonists, anti-GnRH vaccination, antiviral compounds) or eliminate
semen infectivity, (single-layer centrifugation) have been evaluated. However, none of them guaranteed clearance of persistent
infection or elimination of virus infectivity from semen. Consequently, there are currently still no means available to fully
eliminate the carrier state other than castration, which implicates
the loss of the commercial value of the stallion. In the 1990’s,
heavy chain antibodies (HCAbs) were characterized in members
of the Camelidae family. HCAbs are devoid of both the light chain
and a constant heavy domain (CH1), and contain an antigenspeciﬁc variable heavy chain domain (VHH). This single VHH
domain is also known as Nanobody (Nb). Several beneﬁcial
properties (size, afﬁnity, stability, target accessibility) in combination with easy and low production costs has lead to their success as potential therapeutic agents for a variety of human and
animal diseases. The objective of this study was to develop EAVspeciﬁc neutralizing Nbs as a potential therapy to induce viral
clearance in carrier stallions. A single llama was immunized on
days 0, 14, 28, and 57 with 1.5 ml of the modiﬁed live virus vaccine
strain (ARVAC®) and the Argentina 2010 ﬁeld strain of EAV (107.5
TCID50/ml). Seroconversion was demonstrated following the OIE
(World Organisation for Animal Health)-prescribed virus
neutralization test (VNT; titer 1:6,400). Four days after the ﬁnal
boost, peripheral blood mononuclear cells were isolated from the
buffy coat fraction by gradient centrifugation, lysed, and total RNA
was obtained by phenol/chloroform extraction. The cDNA was
synthesized using oligo(dT) primers, followed by a two-step
nested polymerase chain reaction (nPCR) to amplify the VHH
repertoire. The primers used for the ﬁrst ampliﬁcation reaction
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(CALL001 and CALL002) speciﬁcally anneal to constant and variable domain sequences conserved among all IgG isotypes. PCR
fragments of 700bp corresponding with HCAb sequences were gel
puriﬁed, and subjected to a second PCR reaction using primers,
amplifying speciﬁcally the VHH repertoire. The ﬁnal PCR products
were cloned into the pMECS vector and transformed TG1 electrocompetent E.coli. A library of 3.3x107 transformants was
generated, with 71% containing the correct insert size as determined by colony PCR. Panning of the VHH repertoire by phage
display using a panel of recombinant EAV major structural proteins is currently ongoing. In conclusion, a VHH library derived
from llama B cells following immunization with EAV was generated. This novel strategy could allow the generation of EAV-speciﬁc neutralizing Nbs as a therapeutic approach to induce
clearance of EAV carrier state in stallions.

013
Construction and manipulation of a full-length
infectious bacterial artiﬁcial chromosome clone of
equine herpesvirus type 3
A.M. Damiani*, M. Akhmedzhanov, N. Osterrieder
Institut für Virologie, Zentrum für Infektionsmedizin - Robert von
Ostertag-Haus, Freie Universit€
at Berlin, 14163 Berlin, Germany
Equine herpesvirus type 3 (EHV-3) is the causal agent of equine
coital exanthema, a disease characterized by pox-like lesions on
the penis of stallions and the vulva of mares. Although the complete genomic sequence of EHV-3 has been recently made available, its genomic content remains poorly characterized and the
molecular mechanisms of disease development not yet elucidated.
In an attempt to facilitate the genetic manipulation of EHV-3, we
describe here the construction of a full-length infectious bacterial
artiﬁcial chromosome (BAC) clone of EHV-3. Mini-F vector sequences were inserted into the intergenic region between ORF19
and ORF20 (the UL41 and UL40 homologs, respectively) of EHV-3
strain C175 by homologous recombination in equine dermis cells
(Nbl-6). DNA of the resulting recombinant virus was electroporated into E. coli and a full-length EHV-3 BAC clone was recovered. The reconstituted virus obtained after transfection of the
EHV-3 BAC into Nbl-6 cells showed growth properties in vitro that
were indistinguishable from those of the parental virus. To assess
the feasibility of mutagenesis of the cloned EHV-3 genome, a
mutant virus with a deletion of the glycoprotein E gene was
generated using the Red recombination system in E. coli and its in
vitro growth properties evaluated. The cloning of EHV-3 as a BAC
will simplify future studies to identify the role of its coding genes in
viral pathogenesis and host immune response.

Figure. Strategy for generation of the EHV-3 BAC plasmid. (A) The structure
of the EHV-3 genome with the UL and US components is shown at the top.
Terminal and internal repeat sequences are indicated (B) Genomic organization from ORF18 to ORF21 of the UL region of the EHV-3 genome.
Representative positions of the primers used for ampliﬁcation and subsequent cloning of homologous arms are shown. (C) The mini-F vector
(enclosing sequences for F-plasmid replication and the cat gene), the
eukaryotic selection marker xgpt and the gfp gene were integrated between
the ORF19 and ORF 20 ORFs in the UL region of the EHV-3 viral genome by
homologous recombination in Nbl-6 cells. A full-length EHV-3 BAC clone
was recovered after electroporation in E. coli.
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Evidence of Equine Viral Arteritis (EVA) infection in
horses of Serbia
 1, F.
D. Gaudaire 1, D. Lupulovic 2, S. Savic 2, F. Cheve
Lecouturier 1, G. Lazic 2, A. Hans 1
1
ANSES-Dozul
e Laboratory for Equine Diseases, Virology Unit,
Goustranville, France; 2 Scientiﬁc Veterinary Institute “Novi Sad”,
Virology Department, Novi Sad, Serbia
Equine arteritis virus (EAV) is the causative agent of equine viral
arteritis (EVA) and one of the major viral pathogens of horses.
EAV is an Arterivirus belonging to the Arteriviridae family in the
order Nidovirales. EVA is a respiratory and reproductive disease
of horses that occurs worldwide. The vast majority of EAV infections are subclinical, but acutely infected animals may
develop a wide range of clinical signs including pyrexia,
depression, edema, conjunctivitis and respiratory distress. The
direct consequences of EVA outbreaks are ﬁnancial losses mainly
due to abortions of pregnant mares and death of young foals.
Following primary EAV infection, up to 70% of the stallions will
carry the virus in their reproductive tract sometimes for years
and will shed the virus in their semen. Several studies have
shown that EAV infection has occurred among horses in North
and South America, Europe, Australia, Africa, and Asia. Interestingly, EAV infection prevalence in horses varies between countries and horse breeds. In order to determine equine viral
arteritis (EVA) prevalence among the 5000 horses housed in the
Vojvodina region of Serbia, 429 sera from non-vaccinated horses
have been collected. Serological analysis of equine sera, collected
from 2013 and 2014, was performed using virus neutralization
test (VNT) as described by the World Organization of Animal
Health (OIE). So far sera of 156 horses coming from 10 different
stud-farms of the Vojvodina region have been tested. The population tested was composed 86 stallions, aged between 1 and
26 year old, and 70 mares ranged from 1 year old to 23 year old.
The mean age of the population tested was 9,9 year old. Our
preliminary results indicated that 121 sera were negative
(77,60%), thirty three were detected positive (21,15%), two sera
were cytotoxic (1,25%). Among the positive sera ﬁfteen (45,45%)
exhibit an antibody titer range from 4 to 16, ten ( 30,30%) sera
exhibited a titer ranged from 24 to 96 and eight (24,24%) sera
had a titer above 128. Moreover, 9 out of 10 stud farms that have
been included in this survey exhibited positive horses for EAV
showing that EAV is circulating in the horse population kept in
the Vojvodina region. So far, only one seropositive stallion has
been found positive for the presence of the virus in his semen.
Phylogenetic analysis performed on the 3 kb sequence encoding
the structural proteins of the virus shows that this isolate seems
different from those described in the literature so far.
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Occurrence of multiple abortions due to Salmonella
enterica serovar abortus equi infection
~ a 1, L. Marco 1, A. Vissani 3, C
L. Llorente 1, A. Ivanissevich 2, S. Camin
Olguin Perglione 3, M. Herrera 4, M. Barrandeguy 3
1
Polo Breeding Farm; 2 Cresal Veterinaria S.A.; 3 Instituto de
n de Laboratorios y
Virología, CICVyA, INTA Castelar; 4 Direccio
Control T
ecnico (DILAB), SENASA, Buenos Aires, Argentina

Salmonella enterica serovar abortus equi (S. abortus equi) is a
host-adapted organism known to cause abortion in mares and
other clinical syndromes in foals. Re-emergence of S. abortus

equi was identiﬁed in Argentina in 2011. Since then several
outbreaks of abortion associated with this bacterium had been
detected. This study describes the features of an extensive
abortion outbreak caused by S. abortus equi infection in a polo
pony breeding farm located in Buenos Aires province,
Argentina. The population at risk consisted of 120 pregnant
mares managed in three groups (40 mare/group). They had
unrestricted access to pasture. Even though the vaccination
program included vaccines against Equine Herpesvirus 1 (EHV1) and Rhodococcus equi, it did not contemplate S. abortus equi
bacterin. The outbreak of S. abortus equi abortion occurred
among recipient mares derived from ﬁve different embryo
transfer centers, with an index case reported on April 4 and the
last registered case so far was on July 27, 2015. Abortions took
place with no premonitory clinical signs, and the resulting
attack rate was 24.2% (29/120 pregnant mares aborted). Nine
aborted fetuses and placentas were submitted for necropsy and
laboratory diagnosis. Samples from lung, thymus, spleen, liver
and placenta resulted negative for Equine Herpesviruses (EHV1 and EHV-4) and Equine Arteritis Virus by virus isolation and
polymerase chain reaction (PCR) in all cases. However, a gramnegative motile bacterium sensitive to a broad range of antibiotics was isolated in pure culture from several tissues
collected from all fetuses, and subsequently identiﬁed as S.
abortus equi (4,12: -: e, n, x). Serological diagnosis of S. abortus
equi was performed in all in-foal mares, and those that showed
high antibody titers were treated with SulfamethoxazolTrimethoprim (25mg/kg, q12h for 30 days). In addition, in-foal
mares were segregated into smaller groups (15 mares/group)
according to their age of gestation, and were vaccinated with a
commercial S. abortus equi vaccine (two boosters with a 21-day
interval) followed by two additional boosters using an autogenous S. abortus equi bacterin. Even though two new cases of
abortion occurred right after the treatment was implemented,
the outbreak was successfully controlled and no additional
cases were reported. The source of the outbreak could not be
elucidated due to the diverse origin of the animals and to the
absence of reported cases from other farms linked to the
affected premise. However, occurrence of S. abortus equi associated abortions was reported in other nearby locations. In light
of this, a greater awareness of S. abortus equi infection as a
potential cause of widespread abortions is required among
equine practitioners and breeders. Thus, breeding farms need to
take into consideration appropriate biosecurity and preventive
measures to reduce the risk of abortion outbreaks caused by
this agent.
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Salmonella enterica serovar Abortusequi as an emergent
pathogen causing equine abortion in Argentine
C.P. Bustos*1, J. Gallardo 1, G. Retamar 1, N.S. Lanza 1, E.
~ oz 1, A. Pe
rez 1, E.V.
Falzoni 1, M.I. Caffer 2, J. Picos 1, A.J. Mun
Moras 1, M. Mesplet 1, N. Guida 1
1
Facultad de Ciencias Veterinarias, Universidad de Buenos Aires,
Chorroarín 280, CABA, Argentina; 2 Servicio Enterobacterias,
n”,
Departamento Bacteriología, INEI - ANLIS “Dr. Carlos G. Malbra
Av. V
elez Sarﬁeld 563, CABA, Argentina
Salmonellosis is an infectious disease that affects humans,
mammals, reptiles and poultry. It is produced by Salmonella spp.
which is a gramnegative bacillus of 0.7-1.5 x 2-5 mm, facultative
anaerobes and nonsporulating. Salmonella enterica serovar
Abortusequi (Salmonella Abortusequi) is a serovar adapted to the
host producing abortion in mares. If the animals do not abort,
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Figure 1. Fetuses with different ages (A,B and C) and signs of septicemia and
friable organs at necropsy (D, E and F)

the neonates could born infected showing septicemia and polyarthritis. Salmonella Abortusequi was isolated from abortions in
1948 for ﬁrst time in Argentine. Between 1948 and 1994, abortion outbreaks, mares with reproductive pathologies and goals
with septicemia and polyarthritis were described. Nowadays,
the worldwide prevalence of paratiﬁc abortion is low but in our
country, the disease has been reported several times since 2011.
The aims of this study were isolated and characterized Salmonella Abortusequi from equine fetuses. Six fetuses with different
ages were processed in The Laboratory of Infectious Diseases
(LEEI) of Facultad de Ciencias Veterinarias, Universidad de Buenos Aires. The fetuses were from two farms of Buenos Aires
province (25 de Mayo and Trenque Lauquen cities) where have
been more than 40 aborts. Necropsy, bacteriological and histophatological studies were done. Samples of different organs, as
stomach contents, liver, spleen, lungs, kidneys, jejunum, colon
and cecum were cultured in Xylose Lysine Deoxycholate agar
(XLD), blood agar and Selenito broth for 24 h at 37 C. Bacteria
were identiﬁed by biochemical test and PCR. Antibiotic susceptibility of the strains was performed by the agar diffusion disk
method as outlined by the National Committee for Clinical
Laboratory Standards (CLSI) using chloramphenicol, ﬂorphenicol, tetracycline, ampicillin, cephotaxime, gentamicin, ciproﬂoxacin, enroﬂoxacin, streptomycin and trimethoprim/
sulfamethoxazole. All the fetuses showed signs of septicemia
and friable organs at necropsy but those lesions were more
intense in younger animals. Autolysis was observed in most of
organs and cell edema and fat damage were observed in liver by
histological studies. Lactose and sulﬁdric negative colonies were
isolated from all samples in XLD. Biochemical test were performed by Salmonella sp identiﬁcation. PCR was carry on from
Selenito broth and invA gen was detected in all cultures. The
isolates were identiﬁed as Salmonella Abortusequi by WhiteKauffman-Le Minor schema. All six isolates were sensible to the
antibiotics used. Epidemiological characteristics, macroscopic
and microscopic lesions, molecular detection and Salmonella
Abortusequi in purity isolation from all samples allowed identiﬁed those Salmonella outbreaks. Large economical loses were
generated by the large number of lost foals and treatment costs.
Previously, infectious abortions were associated with viral etiology as Equine Herpesvirus-1. However, epidemiological data of
the last years show an increasing relevance of Salmonella Abortusequi in reproduction problems and it could be considered as
an emergent pathogen in Argentine. In conclusion, paratiﬁc
abortion should be suspected in any abortion and both viral and
bacterial diagnosis always must be done in all cases to establish
appropriate prophylactic and therapeutic measures. We propose
to study the clonal relation between strains to understand the
epidemiology of the disease in our country.

Equine paratyphoid is an infectious disease speciﬁc to the family
Equidae and caused by Salmonella Abortusequi. It is a designated
notiﬁable disease in Japan. Abortion or multiple abscesses are
major signs of infection, and the disease is diagnosed by
detecting the etiological agent or by serodiagnosis. However,
these methods are problematic in terms of sensitivity or speciﬁcity: for example, cross-reactivity to Salmonella Typhimurium
can occur in serodiagnosis. In addition, conventional molecular
epidemiological methods have insufﬁcient resolution to
discriminate the strains isolated in Japan. To search for a way of
solving these problems, we determined the whole-genome
sequence (WGS) of Salmonella Abortusequi. L-2508, which was
isolated in 1987 in Japan, was used as representative strain of S.
Abortusequi to determine the complete genome sequence by
using next-generation sequencing, optical genome mapping,
and a gap-closing technique. The size of the genome of L-2508
was 4,738,978 bp; the GC content was around 52%; and 4710
ORFs were detected. A phylogenic tree analysis based on coregenome single nucleotide polymorphisms (SNPs) revealed that
S. Abortusequi was genetically close to Salmonella Choleraesuis
and Salmonella Paratyphi C. There were 136 pseudogenes; this
number was similar to that of S. Choleraesuis (host-adapted
serotype) and was half as many as that of S. Dublin (hostrestricted serotype). The WGS of L-2508 was compared with
those of other serotypes of Salmonella spp. A region unique to S.
Abortusequi that seemed to be derived from a bacteriophage
was detected. Comparison of the presence of known virulence
factors in Salmonella spp. between S. Abortusequi and S. Typhimurium detected no S. Abortusequi-speciﬁc gene. On the other
hand, several pathogenic genes were observed only in S.
Typhimurium. This result suggests that these S. Typhimurium
genes might be useful for developing a serological method to
discriminate infections with the two organisms. The draft
whole-genome sequences of 24 strains isolated in various
geographic areas and at various times were also determined.
Phylogenic tree analysis based on core-genome SNPs was performed on these strains and on L-2508. There were 1316 SNPs
among the strains. A difference of about 1100 SNPs was observed
between Japanese and foreign strains, whereas only a 61-SNP
difference was observed among the Japanese strains. There were
two lineages among the Japanese strains. Our results suggest
that SNP-based molecular epidemiological methods might be
useful for discrimination among Japanese endemic strains.

050
Diagnostic epidemiology of nocardioform placentitis
and abortion in Kentucky, 1991-2015
C.N. Carter*, E. Erol, N.D. Cohen, J.L. Smith
University of Kentucky, Veterinary Diagnostic
Lexington, KY 40511

Laboratory,

Equine nocardioform placentitis & abortion (NPA) ﬁrst recognized
in Kentucky in the 1980’s, is caused by a nocardioform actinomycete bacteria. Crossiella equi was ﬁrst identiﬁed in equine placental
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Contagious Equine Metritis: Efﬁcacy of US post-entry
testing protocols for identifying carrier stallions and
mares

Figure 1. Twenty-ﬁve years of NPA cases (1133) in Kentucky.Ă

tissue in 2002. In 2003, three species of Amycolatopsis and in 2009
two species of Streptomyces were identiﬁed in association with
NPA cases. Amycolatopsis spp. (48.7%) and Crossiella equi (28.9%)
were the most prominent nocardioforms identiﬁed in a recent
abortion outbreak. This infection leads to late abortions, stillbirths
and premature foaling. Premature foals sometimes die shortly after birth. The mode of transmission of this syndrome is not known.
To date, nocardioform Actinomycetes have only been isolated from
placental tissue. Most reported cases are from central Kentucky
(Figure 1) but cases have also been diagnosed in Florida, Italy, and
South Africa. In the 2010-2011 equine reproductive season, our
Lexington laboratory diagnosed 118 cases of NPA by culture and
PCR. Due to the high incidence of NPA that season, a farm-level
study was conducted to identify possible risk factors for NPA. A
total of 148 horse farms were included in a survey (98 affected, 50
farms unaffected). In total, 8075 mares were at risk on all farms
with 429 mares diagnosed with NPA. On average, four mares were
affected per farm. Data were analysed using chi-squared, Wilcoxon
rank-sum tests, and logistic regression analysis using S-PLUS. Farm
acreage, mare numbers, and higher density on affected farms were
signiﬁcantly and positively associated with NPA. Longer grazing
times during January-March administration of progesterone prebreeding, HCG post-breeding, and NSAIDs were signiﬁcantly and
negatively associated with NPA. A study at the University of Kentucky attempted to induce NPA in pregnant and non-pregnant
mares via intrauterine, oral, and intranasopharyngeal inoculation
of Crosiella equi. However, these attempts did not result in infections or abortions.
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Contagious equine metritis (CEM) is a venereally transmissible
disease of equids. The etiologic bacterium, Taylorella equigenitalis,
can cause widespread short-term infertility and very rarely,
abortion in mares. A frequent sequel to exposure of stallions and
mares to T. equigenitalis is establishment of a carrier state that is
often long-term in stallions. Aims of this study are twofold: 1) to
estimate frequency of the carrier state in stallions and mares by
states testing the greatest number of imported horses for CEM;
and 2) to establish the basis of determination of persistence of T.
equigenitalis in individual carrier animals. Test subjects were
stallions and mares imported between 1997 and 2014. Mares and
stallions underwent post-entry quarantine and testing for CEM in
accordance with USDA prescribed protocols. Findings of the study
conﬁrmed that there was a continuing risk of reintroduction of
CEM into the USA from known CEM-affected countries. Over the
17-year study period, 38 stallions and mares were conﬁrmed
carriers of T. equigenitalis. Twenty-seven were stallions and 11
were mares. Some 24 of the carrier stallions and all 11 of the
carrier mares were identiﬁed by the six selected states. There
were two instances, both involving stallions, where the post-entry testing protocol failed to detect the carrier state prior to the
stallion’s release from quarantine. Only eight of the 27 carrier
stallions were detected by culturing a single set of swabs.
Detection of the carrier state in 18 stallions was only achieved by
test breeding. The preponderance (80%) of T. equigenitalis strains
isolated either from stallions or mares were streptomycin sensitive. The overall positive rate for stallions was 0.98% (24 of 2,457
tested), whereas the corresponding rate for mares was 0.07% (11
out of 15,732). Test breeding as opposed to sole use of culture was
a highly reliable but not totally foolproof means of identifying the
carrier stallion. A fully validated, less costly, more rapid, and
logistically less challenging in vitro test is sorely needed for
detection of the carrier state, especially in the stallion.

060
Sensitivity of qPCR for screening cryopreserved semen
from Taylorella equigenitalis-carrier stallions
M.L. Schulman*1, C.E. May 1, G. Fosgate 1, A.J. Guthrie 2
Department of Production Animal Studies; 2 Equine Research
Centre, Faculty of Veterinary Science, University of Pretoria, South
Africa

1

The risk for disease transmission via cryopreserved semen
contaminated with Taylorella equigenitalis remains largely
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directly from genital swabs and discrimination from
Taylorella asinigenitalis. Vet Micro; 118:247-254.

Batch date on
straw (dd/mm/yy)

qPCR assay result
Positive (Ct < 40)

Negative (Ct > 40)

Total

18/09/2006
19/09/2006
29/09/2006
06/10/2008
16/08/2010

1
6
8
1
21

7
4
0
0
1

8
10
8
1
22

Semen straws (n)

Sensitivity (%)

Lower CI (%)

1
3
5
7
10

0.75
0.98
0.99
0.99
0.99

0.43
0.81
0.94
0.98
0.99

undeﬁned [1]. This study tested the sensitivity of a RT-qPCR assay
for detecting T. equigenitalis DNA in frozen-thawed semen
collected from a Lipizzaner carrier-stallion identiﬁed during
epidemiological investigation of the ﬁrst South African CEM
outbreak in 2011 [2]. This stallion was recently linked to his cryopreserved semen collected between 2006-2010 prior to
outbreak recognition. Forty-nine 0.5 ml PVC straws from ﬁve
ejaculates (batches) processed using a cryopreservative extender
with added antimicrobials were recovered. All straws were
thawed and aliquots from each were transferred for both bacterial
isolation and qPCR assay using a modiﬁcation of an established
method [3]. The assay results summarised in Table 1 below
showed 37/49 (75.5%) straws were PCR-positive (Ct <40, range:
30.9-40). Bacterial isolation from all straws was negative.
Sensitivity of the qPCR assay for detecting T. equigenitalis DNA in
individual frozen-thawed straws (n¼49) from ﬁve ejaculates was
estimated as 1 e (1-p)n where p ¼ overall proportion of individual
qPCR positive straws and n ¼ number of straws tested (Table 2).
95% Conﬁdence Intervals were adjusted for the clustering of observations in the ﬁve ejaculates.
The qPCR assay effectively identiﬁed T. equigenitalis DNA
contaminating multiple straws of different ejaculates processed
over four years. Extensive variation in Ct values within and between batches was possibly due to effects of semen collection and
processing including addition of antibiotic-containing extender.
In conclusion, this data suggested that > three straws per batch
should be evaluated for 95% conﬁdence of detecting T. equigenitalis in cryopreserved semen from a potential carrier stallion
but the lower range of the 95% CI suggests a larger study is
necessary to improve precision of this estimate. Infectivity of the
bacterium after cryopreservation warrants further investigation.
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Re-emerging Equine Arteritis Virus (EAV) variants
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Equine viral arteritis (EVA), caused by the Equine Arteritis Virus
(EAV), is a disease of stallions notiﬁable in the UK and to the OIE,
but not in most other countries. However, with no active surveillance in most countries (including the EU) and the clinical presentation mostly asymptomatic, EAV is often ﬁrst noticed when
causing issues for horses supposed to travel or to enter breeding
schemes. Although there is only one serotype of EAV, genetic
variation exists between ﬁeld strains of the virus. A segregation of
strains into European and North American lineages, wherein the
European lineage can be further divided into two clusters has been
attempted. Unsurprisingly, however, some European lineage viruses have been documented in North America and vice versa,
demonstrating the limits of this nomenclature as well as highlighting the transport of viruses via movement of horses and
semen. Over the last years we discovered a couple of EVA cases
through the analysis of horses that had been bought from continental Europe or were to be sold in the UK two of which shall be
presented here. In September 2012 we analysed a semen sample
from a stallion imported from Spain, which tested positive for EAV.
Initial analysis of the ORF5 PCR product revealed the isolate to be
an outlier to previous phylogentic grouping, together with KY63
and H21. This demonstrates the re-emergence of a genotype across
decades and around the globe: KY63 is a ﬁeld strain isolated in
Kentucky in 1963; this isolate has always clustered separately from
other US isolates of the same time period suggesting a different
origin. Strain H21 appears to have been isolated in the early 2000's
in Hungary. Even considering a potential lack of sampling the case
demonstrates that established strains do not become extinct and
through global trade may re-appear unexpectedly, here in Spain
(UK) rather than Eastern Europe or the USA. The role of semen in
the transmission has been demonstrated in several outbreaks
recently, both in North and South America, as well as in Europe.
Previously, we analyzed another case of an imported stallion from
continental Europe. To our surprise this virus was very closely
related to the virus that has been linked to the Argentinian
outbreak in the same year, but as further analysis demonstrated
was not the only variant of EAV circulating at the time in Europe.
Therefore, highly similar and dissimilar variants of EAV are circulating in parallel, using largely unexplored reservoirs for their
maintenance. Using all available data on full genome and ORF5
sequences a dynamic extended systematics is proposed for EAV.
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Infectious and Parasitic Diseases, FARAH Center, Faculty of
Veterinary Medicine, University of Liege, B-4000 Liege, Belgium;
5 
Catedra de Enfermedades Infecciosas, Escuela de Veterinaria,
Universidad del Salvador, Pilar, Buenos Aires, Argentina
Equine Coital Exanthema (ECE) is an infectious, venereally
transmitted mucocutaneous disease of mares and stallions
caused by Equid herpesvirus 3 (EHV3). Episodes of reactivation
and re-excretion in latently infected horses serve as a source of
virus, and thus the infection is endemic in horses worldwide.
Prevention for stallions is based on segregating affected mares
from reproduction. However, as the virus is reactivated from
latently infected animals and generally re-excreted subclinically, and this is not predictable, the prevention approach
previously described does not eliminate the risk of contagion.
Lambda-carrageenans (l-carrageenans), which are sulfated
polysaccharides synthesized in great quantities by certain red
seaweed Gigartina skottsbergii (Gigartinaceae, Rhodophyta),
have demonstrated antiviral activity in vitro against Human
herpesvirus 1(HHV1) and 2 (HHV2) and some herpesviruses of
veterinary interest such as Bovine herpesvirus 1 (BoHV1), Suid
herpesvirus 1 (SuHV1) and Feline herpesvirus 1 (FeHV1). The
antiviral activity of l-carrageenan is likely due to its ability to
bind to the viral envelope glycoproteins and prevent virus
binding to cell surface receptors. The purpose of this study was
to evaluate the activity of l-carrageenans on EHV-3 in vitro.
Conﬂuent monolayers of EDerm cells were infected with 590
plaque forming units (PFU) of EHV-3 per well, simultaneously,
with different concentrations of l-carrageenans in a total volume of 500 ml. After 1 h of incubation at 37 C, inoculum was
discarded and minimum essential medium supplemented with
carboxymethyl cellulose 0.75% was added. Cells infected with
the virus without l-carrageenans were used as a control. After
72 h of incubation, cells were ﬁxed and stained with 0.1%
formalin-buffered crystal violet solution. Inhibitory concentrations 50 (IC50%) and 100 (IC100%), deﬁned as the concentrations of the compound that reduce plaque number by 50% and
100% respectively, were determined. The IC50% of this compound was 6.22 mg/ml but the IC100% could not be reached,
even at a concentration as high as 1g/ml. The IC50% (6.22 mg/
ml) found in this study for l-carrageenans against EHV3 is
higher than that found for HHV1 (1.6 mg/mL), HHV2 (1.5 mg/mL),
BoHV1 (0.52 mg/ml) and FeHV1 (5 mg/ml), but smaller than that
found for SuHV1 (10.42 mg/ml). According to our studies, lcarragenans do not inhibit replication (100% inhibition) of EHV3
in vitro; thus, this compound used as a single component appears to be not eligible for the use in the prevention and
treatment of ECE.
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Addition
of
an
intramammary
antimicrobial
formulation markedly decreased the intervals to
elimination of Taylorella equigenitalis in a carrier
mare and gelding
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Based on the successful treatment of 27 T. equigentitalis-carrier
horses using a standard topical antimicrobial protocol during a
recent CEM outbreak [1] we investigated the addition of a proprietary intramammary antimicrobial formulation for treating
two subsequently-identiﬁed carriers; a mare and gelding. This
combination aimed to reduce the interval to treatment endpoint

Treated horses

A. Standard topical protocol
Lipizzaner (stallions: n¼23; gelding: n¼1)
Warmblood (stallion: n¼1)
Andalusian (stallion: n¼1)
Thoroughbred ( mare: n¼1)
B. Standard topical protocol plus
Curaclox® instillation
Warmblood (stallion: n¼1)
Warmblood (mare: n¼1)

Interval to
elimination of
T. equigenitalis (days)
median: 11;
range: 9-52
10
9
14

2
2

supported by its reported residual effect and design facilitating
application in the bacterium’s predilection sites. The gelding was
sedated to allow extrusion of the penis before cleaning with a
surfactant (Ducosol®) and scrubbing with 4% chlorhexidine
gluconate (Dismed Bioscrub®). The urethral fossa was thoroughly cleaned using chlorhexidine-soaked cotton-tipped
bacteriology swabs. A dry cow intramammary ointment (Curaclox®) containing cloxacillin benzathine (600mg) and ampicillin
(300mg) was instilled into the urethral fossa and sinus before
covering the penis with 0.2% nitrofurazone (Furex®) ointment. In
the mare, the clitoral sinus and fossa were similarly cleaned with
Dismed Bioscrub® before thorough cleansing with chlorhexidine-soaked cotton-tipped swabs (clitoral fossa) and paediatric
swabs (clitoral sinus). Thereafter Curaclox® was instilled into the
clitoral sinus and Furex® applied to the clitoral fossa. Prior to
once-daily treatment, genital swabs of all predilection sites were
obtained for detecting T. equigenitalis DNA using a modiﬁcation
of a previously-described qPCR assay [2]. Treatment endpoint
was deﬁned as three consecutive days of Ct > 40 on assay and
conﬁrmed by bacteriology after a 21 day-interval. The table
below shows the interval to elimination of T. equigenitalis
determined by qPCR assay of genital swabs obtained from 27
previously-treated horses (standard protocol) and the mare and
gelding treated with the addition of Curaclox® (combination
treatment).
In conclusion these preliminary data showed a marked reduction in the interval to elimination of T. equigenitalis in two
horses with the combination treatment. The potential beneﬁts
associated with this promising outcome include economical and
animal welfare considerations and support its further
investigation.
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Two outbreaks of Salmonella Abortusequi abortion in
mares in Croatia
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We report two outbreaks of abortion in mares associated with S.
Abortusequi. First outbreak occurred in the vicinity of Vrbovec, in
the herd of 38 horses. Out of 18 pregnant mares in the herd,
within a month eight (44%) mares aborted. Only one foetus was
admitted for the post-mortem examination. Lungs, liver and
spleen were submitted for bacteriology culture, and from all three
organs heavy growth of pure bacterial culture was obtained.
Second outbreak occurred in the Gradusa Posavska, a village in
the valley of the Sava River, in the herd of 35 horses. Out of 18
pregnant mares in the herd, within two weeks two (11%) mares
aborted. Lungs of one aborted foal were admitted for bacteriology
testing, and yielded heavy growth of pure bacterial culture. All the
mares that aborted were in the last trimester of gravidity. Horses
were of cold-blooded breed, bred for meat production. All the
animals were kept in the ﬁeld throughout the year, except in the
winter. All four obtained isolates had morphological and
biochemical features compatible with Salmonella spp. None of
them produced H2S. They were further identiﬁed serologically,
and antigenic formula 4,12:-:- was determined. Other causes of
infectious abortion were also investigated. Viral causes were
excluded in both cases. In a mare from Gradusa Posavska an
antibody titer of 1:3200 to Leptospira spp., serovar Pomona was
detected. In Europe, S. Abortusequi is considered a historical,
eradicated pathogen. The only reported outbreak of S. Abortusequi in Europe was also reported in Croatia (Madic et al., 1997).
Apart from that, data on this disease in Europe are extremely
scarce. Nevertheless, S. Abortusequi might be endemic in some
parts of Croatia, but it is difﬁcult to be sure of that, because in
Croatia a vast majority of abortions in cold-blooded mares are not
reported, nor are their causes investigated, not even in cases of
outbreaks. Despite the fact that the government covers all the
expences of investigating an abortion, owners are still reluctant to
report an abortion. The reason for this probably lays in the fact
that if an infectious cause is determined the owners have to take
control measures, which include transport restrictions. As parts of
Croatia where these abortions occurred are endemic area for
leptospirosis many horses are seropositive. Therefore we believe
that despite the detected titer for Leptospira spp., S. Abortusequi is
probably the main cause of abortions in both outbreaks. Further
investigations are certainly needed in order to get a better insight
into epidemiology of S. Abortusequi infections, and clarify its
status and signiﬁcance as a cause of equine abortion in Croatia.
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First report of Taylorella equigenitalis and Taylorella
asinigenitalis natural infections in horses in Croatia
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Lucic 3, N. Turk 1
1
Department for Microbiology and Infectious Diseases with Clinic,
Faculty of Veterinary Medicine, University of Zagreb, Croatia;
2
Institute for Microbiology and Parasitology, Veterinary Faculty,
Ljubljana, Slovenia; 3 Veterinary Clinic Donja Stubica

S63

Equine population in Croatia has never been systematically tested
for the presence of Taylorella equigenitalis, so the epidemiological
situation is completely unknown. Both mares and stallions are
tested for contagious equine metritis (CEM), but not often, usually
only if they were bred abroad, and the owner of the animal they
are being bred to requires they are tested. Testing is not mandatory even for licensed stallions. Out of these sporadic testings, no
culture of T. equigenitalis has ever been obtained, but no molecular methods were used before 2014. During 2014, 12 animals (10
stallions and two mares) were tested, both by culture and polymerase chain reaction (PCR). All culture plates were either
negative or got contaminated before the end of incubation period.
Samples from three animals tested positive by PCR. Sequencing of
PCR products revealed that one animal (a stallion) was positive for
T. equigenitalis, and two animals were positive for T. asinigenitalis
(one stallion and one mare). We report the ﬁrst evidence of T.
equigenitalis and T. asinigenitalis natural infections in horses in
Croatia. Detecting T. equigenitalis by testing only 12 animals,
suggests that incidence of infection in Croatia might be quite high.
Furthermore, by detecting T. asinigenitalis in two out of 12 animals
we can assume that its prevalence in equine population might
also be high. Therefore, if animals are tested only by culture, in
every case of positive result isolate has to be identiﬁed to the
species level. This ﬁnding also suggests that equine population in
Croatia, especially animals used for reproduction, should be
tested for T. equigenitalis, and conﬁrms ﬁndings of other authors,
that testing only by culture is not reliable, and therefore, animals
should be additionally tested with molecular methods.
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Equine Viral Arteritis in feral donkeys (Equus asinus) of
the Atacama Region, Chile
R. Moreira 1, 2, A. García 1, J. Valencia 1, V. Moreno 1
1
Servicio Agrícola y Ganadero (SAG); 2 Universidad Santo Tomas
(UST), Santiago, Chile
It is estimated a population of 3,000 feral donkeys (Equus asinus)
in the Huasco province, Atacama Region, Chile. They are distributed mainly in the commune of Freirina. These are solitary animals or living in small herds, which are always led by a dominant
male. Itis assumed that the Spanish settlers introduced donkeys
in Chile, along with plants and other domestic animals. In past
centuries, these animals were used for transportation by the
Atacama Desert, through numerous troops necessary for the
development of trade between towns and cities. In mining, the
donkey was used to move minerals from the mines to the small
towns. In order to evaluate the health status of exotic diseases, a
study was performed on feral donkeys, which are scattered by the
hills and plains of the desert in the town of Carrizalillo. Donkey’s
rodeo endures as a traditional activity, born in the 17th century.
This customary activity has been maintained for more than 500
years. Donkeys are gathered in a traditional herding in the month
of October each year. This tradition was able to remain in time,
despite the modernization that came to replace horses, bottlenose and donkeys, species that historically were used for
transport and operation in mining, cattle camp in agriculture.
Enclosed in pens, donkeys were selected randomly, collecting 312
serologic specimens. The samples were processed by serum
neutralization (SN) technique in laboratory of the ofﬁcial veterinary service of Chile, SAG Lo Aguirre. The results indicate the
presence of neutralizing antibodies to the virus of Equine Viral
Arteritis (vEVA) in 168 feral donkeys (53%). Among the 312
sampled donkeys, 243 were females and 69 males. 151 females
were positive (62%). Only 17 males were positive (24.6%) to the
technique of SN, with titers of antibodies anti-vEVA (Figure # 1).

S64

10th IEIDC Abstracts / Journal of Equine Veterinary Science 39 (2016) S56eS65

Figure No. 1
Titers of antibodies anti-vEVA by sex and category, Carrizalillo, Atacama Region, 2013.
Category

Adult female
Youth female
Adult male
Juvenile male
Total

Titers of antibodies (SN)

Total

1:2

1:4

1:8

1:16

1:32

1:64

1:128

1:256

73
19
32
20
144

25
1
2

20
3
1

33
1
6

38
2
2

11

14

3

28

24

40

42

5
1
17

14

3

The differences observed between females and males were statistically signiﬁcant (p ¼ 0, 001). It was detected a virus infection
of equine Viral Arteritis in 53% of the samples obtained in feral
donkeys, which could indicate some degree of viral circulation in
these animal populations. It suggests later studies that they allow
to characterize these viruses of donkeys, to see his phylogeny.
Chile is free of EVA in horses, the disease has not been detected in
domestic horses and it is of compulsory notiﬁcation. The detection of antibodies anti-vEVA in wild species was communicated to
the World Organization for Animal Health (OIE).
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Isolation of Leptospira sp. from an equine abortion
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Leptospirosis in equines produces uveitis, abortion and in foals
produces marked jaundice however, is no considered a neglected
disease in this species. The aim of this study was to conﬁrm an
equine abortion produced by Leptospira sp. by isolating the bac~ uelas, a
teria from clinical samples of fetuses. In the farm of Can
livestock area of Buenos Aires province, a mare aborted and
Leptospirosis was suspected, since at the same farm positive bovines of Leptospirosis by serology were detected. Serum samples
of the aborted mare and organs of the fetus were analyzed. The

Figure 1. Positive Immunoﬂuorescence obtained from the lung imprint of
the aborted fetus (400X).

217
26
48
21
312

fetus was necropsied and liver, spleen, lung, and the kidney were
cultured in a speciﬁc media for leptospira growth (Fletcher).
Cultures were incubated at 30 C and were observed by dark ﬁeld
microscopy (160X) every 14 days. Also imprints of the organs
cultured were analyzed by direct immunoﬂuorescence, with a
speciﬁc conjugate for leptospira. The serum of the mare was
analyzed by the Micro Agultination Test (MAT) for eight serovars:
Canicola, Pomona, Icterohaemorraghiae, Wolﬁi, Hardjo, Grippothyphosa, Tarassovi and Castellonis ( cuttof at 1/100). The titles
obtained of the mare were 1/6400 Pomona, 1/800 Icterohaemorraghiae, 1/800 Wolﬁi all serovars belong to the species
Leptospira interrogans. The immunﬂuorescence was positive for
the lung and the liver of the fetus. One positive culture was obtained from the lung cultures of the fetus in Fletcher medium.
This strain was studied by PCR and was characterized aFitH 810s L.
interrogans. Leptospirosis in equines is an infectious disease,
which affects adult animals producing abortions. In this study we
isolated for the ﬁrst time in Argentina a pathogenic strain of
Leptospira interrogans from an equine abortion, this way we could
conﬁrm an equine clinical case of Leptospirosis. The isolated
strain is currently studied to characterize the genotype of this
strain.
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Immunological changes in BALB/c pregnant mice model
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Equine herpesvirus 1 (EHV-1) is an endemic pathogen that induces equine death causing important economic losses. The virus
cause respiratory, nervous and reproductive diseases, such as
abortions and neonatal syndrome. Up to now, the pathogeny of
the abortion has not been completely elucidated, but it is known
that the establishment of a viremic phase is necessary to allow the
arrival of the virus to the pregnant uterus. As it has been shown in
other infectious processes, our hypothesis is that during EHV-1
infection there are changes in local proﬁle of cytokines towards a
predominance of those that can interfere the normal pregnancy.
Most of the investigations related to EHV-1 abortion were performed using the BALB/c mouse model that allows complete and
comparable data that may be extrapolated to horses. The aim of
this ﬁrst study was to analyze changes at the local immune
response in uteri and placentas of females intranasally inoculated
with the Argentinean AR8 strain of EHV-1 and in control mice
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inoculated with culture medium, on day 3 post-infection. To
corroborate the infection viral isolation (VI) was carried out in
lungs, uteri, placentas and fetuses taken at day 3 post-infection.
Cytokine proﬁle was analyzed in samples of uteri and placentas
homogenized and treated with protease inhibitor by measuring
mRNA of TNFa, IFN-g and IL10 by Real-time RT-PCR; besides, the
expression of IFN-g and TNFa proteins were corroborated by
ELISA and ﬂow cytometry, respectively. In these experiments we
found a lower number of fetoplacental units in infected animals
than the average number for the mice strain used. VI was positive
only in the lungs of the infected mice, thus conﬁrming the
infection. The relative quantiﬁcation by qPCR of the cytokines
studied expressed as 2-DDCt showed signiﬁcant differences in the
three cytokines evaluated between groups. The increase in TNF
indicates a predominance of Th1 response and that of IFN-g is
consistent with a viral infection. On the other hand, the moderate
increase in IL-10, associated with a tolerogenic Th2 response, may
be understand as a response to restore the homeostatic balance to
infection. This project is funded by Argentine Agency for the
Promotion of Science and Technology (FONCyT, PICT 2011-1123),
Scientiﬁc Research Commission of the Province of Buenos Aires
and National University of La Plata.
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Histopathology of the placenta related with gestational
age and foal viability
C.G. Wendt*, L.C. Oliveira, F.D. Belem, R. Scalco, B.S. Moraes, I.S.
Finger, L.O. Araujo, F.M. Pazinato, B.R. Curcio, C.E.W. Nogueira
Department of Veterinary Clinics, College of Veterinary Medicine,
UFPel, Brazil
Ascending placentitis is the most common cause of late-term
abortion and premature delivery in mares. Gestational age plays
a major role in the development of the placental lesions and the
fetal outcome. Histologic placental changes are frequently associated with the fetal and neonatal viability. The aim of this study
was to evaluate placental histopathology and its relation with
gestational age and foal viability after induction of placentitis in
mares. This study was performed using 21 cross-breed mares.
Placentitis was induced via intracervical inoculation of
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Streptococcus equi subsp. zooepidemicus (107 cfu) at 300 days of
pregnancy. All mares presented clinical signs and ultrasonographic changes related to placentitis. The mares were treated
with sulfamethoxazole and trimethoprim (30mg/kg, during 10
days) and ﬂunixin meglumine (1.1mg/kg, during 7 days). All the
parturitions were observed and the fetal membranes collected
immediately after its expulsion. Nine points of each placenta
were collected (cervical star area, pregnant horn, nonpregnant
horn, uterine bifurcation, uterine body, amnion and three parts
of the umbilical cord) and ﬁxed in 10% formalin prior to processing for histology. Data of gestational age post-infection (PI)
and foal viability were recorded. The mares were divided in
three groups according to placental lesions, respectively: (1)
subacute placentitis (19,05%), (2) acute placentitis (61,90%) and
(3) chronic placentitis (19,05%). The ﬁrst group (n¼4/21) was
characterized by mild neutrophilic inﬁltration with basophilic
bacterial colonies present in the amnion and allantoic surface
extending to the umbilical cord. They delivered stillbirth foals
from 24h to 48h PI. The second group (n¼13/21) presented
suppurative inﬂammation with intense neutrophilic inﬁltration
in regions of cervical star, uterine body and pregnant horn. The
period between infection and parturition was from two to
twenty four days. In this group eight mares delivered unviable
foals. The other 5 mares delivered viable foals from 9 to 24 days
PI. The third group (n¼4/21) demonstrated inﬁltration of
mononuclear inﬂammatory cells in the microcotiledonary
trophoblast and chorionic stroma and also mild to moderate
necrosis. The pregnancies were maintained for at least 36 days PI
and all foals were viable. Placentitis can result in fetal and
neonatal sepsis, leading to abortion and preterm delivery.
However, in subacute and acute placentitis, the inﬂammatory
processes may result in prostaglandin production and stimulation of myometrial contractility, thus resulting in preterm delivery. Furthermore, in some chronic placentitis, foals will
experience accelerated fetal maturation, and even premature
delivery. They will be mature enough to survive in the extrauterine environment. It was possible to observe that placental
histopathology showed close relationship with the period between infection and parturition, beyond the neonatal viability.
Mares with subacute and acute lesions of placentitis demonstrated lower gestational age and high neonatal mortality rate.
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Protective effect of intranasal vaccination of horses
with a modiﬁed live equine herpesvirus type 1 vaccine
H. Bannai*, M. Nemoto, K. Tsujimura, T. Yamanaka, T. Kondo
Epizootic Research Center, Equine Research Institute, Japan
Racing Association, Shimotsuke, Tochigi, Japan
Mucosal immunity in the nasal cavity is considered to play an
essential role in protecting horses from disease caused by equine
herpesvirus type 1 (EHV-1), and immunoglobulin A (IgA) antibody in the nasal secretions is a key component of this mucosal
immunity. Although intranasal administration of live or killed
EHV-1 vaccines has been attempted with the aim of protecting
horses from viral challenge, induction of virus-speciﬁc IgA after
these vaccinations was not observed, and only slight mitigation of
clinical signs was observed after viral challenge. Here, we
measured immunological responses and performed a challenge
experiment in horses intranasally immunized with a modiﬁed
live EHV-1 vaccine (Nisseiken, Tokyo, Japan) that was originally
licensed for intramuscular injection. Horses (n ¼ 3) were intranasally inoculated with the vaccine (1.3 106 plaque-forming units
[pfu]/10 mL/head) twice with a 4-week interval. Control horses (n
¼ 2) were inoculated in the same way with dilution medium. Four
weeks after the second dose had been given, the horses were
challenged by intranasal inoculation of EHV-1 (strain 10-I-224,
4.0 106 pfu/10 mL/head). Sequential nasal wash samples were
concentrated by ultraﬁltration and subjected to ELISA to measure
EHV-1-speciﬁc IgA. Viral nasal shedding and viremia were
monitored by virus isolation and real-time PCR. The results of
real-time PCR were considered negative if there were 10 gene
copies in the analyzed sample. EHV-1-speciﬁc IgA levels in the
nasal wash increased in all of the vaccinated horses after two
intranasal doses of vaccine, whereas those in the control horses
remained stable. Serum virus-neutralizing titers also increased in
the vaccinated horses. After viral challenge, pyrexia over 39.0  C
was observed at 1 day post-inoculation (dpi) in both of the control
horses. In contrast, none of the vaccinated horses was pyretic
(over 39.0  C) throughout the experiment, although one horse
had a temperature of 38.7  C at 7 dpi. Viral nasal shedding in the
control horses was detected at 1 to 6 dpi, with a highest mean
gene copy number of 103.8. In contrast, viral nasal shedding in the
vaccinated horses was detected only at 1 to 2 dpi, with a highest
mean gene copy number of 102.3. Viremia was detected in all
horses at 5 to 11 dpi, with individual durations of 2 to 6 days.
Intranasal immunization of horses with the live EHV-1 vaccine
resulted in the production of EHV-1-speciﬁc IgA in the nasal
mucosa and virus-neutralizing antibody in the whole body. Virus
replication in the nasal mucosa after viral challenge was lower in
vaccinated horses than in control horses; virus-speciﬁc IgA
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induced by the intranasal vaccination might have been responsible for this. The absence of pyrexia over 39.0  C in the vaccinated
horses indicated that the immunity induced by intranasal vaccination was effective in protecting horses from EHV-1-induced
pyrexia.
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Equine herpesvirus type 1 (EHV-1) conquers and
reprograms mononuclear cells to ensure transfer to
endothelial cells
Walid Azab, Klaus Osterrieder
Institut für Virologie, Zentrum für Infektionsmedizin, Freie
Universit€
at Berlin, Robert-von-Ostertag-Str. 7-13, 14163 Berlin,
Germany
Equine herpesviruses 1 and 4 (EHV-1 and EHV-4) are members of
the Alphaherpesvirinae subfamily and belong to the genus Varicellovirus. Both viruses are endemic in horse populations
throughout the world and cause severe economic losses. Both viruses cause respiratory disease; however, only EHV-1 can efﬁciently transfer from peripheral blood mononuclear cells (PBMC) to
endothelial cells lining the blood vessels of the pregnant uterus or
central nervous system, the prerequisite for abortion, perinatal
mortality and neurological disorders (myeloencephalopathy).
EHV-4 can also infect both PBMC and endothelial cells in culture
but does not cause any of the severe complications. We were
interested in studying the differences between EHV-1 and EHV-4
infection of PBMC and how it affects PBMC-endothelial interaction
and disease outcome. Our results indicate that EHV-1 infects Blymphocyte and monocyte subpopulations more efﬁciently than
EHV-4. In order to evaluate viral transfer between infected PBMC
and endothelial cells, co-cultivation assays were performed in the
presence of virus neutralizing antibodies. Only EHV-1 was able to
transfer to endothelial cells and viral glycoprotein B (gB) was
shown to be important for this form of cell-to-cell transfer. For
addressing the more dynamic aspects of the interaction, infected
PBMC were allowed to ﬂow (0.5 mm/sec) over endothelial cell
monolayers in the presence of virus neutralizing antibodies. By
simulating the capillary blood ﬂow and analyzing the behavior of
infected PBMC through live ﬂuorescence imaging and automated
cell tracking, we observed that EHV-1 was able to maintain tethering and rolling of infected PBMC more effectively than EHV-4.
Deletion of US3 reduced the ability of infected PBMC to tether and
roll compared to parental virus, which resulted in a signiﬁcant
reduction in virus transfer. We further investigated the expression
and regulation of various adhesion molecules on the surface of
EHV-1 and EHV-4-infected PBMCs. We found that EHV-4, in
contrast to EHV-1, was able to downregulate VLA-4 and LFA-1
adhesion molecules on the surface of infected PBMC. These
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observations can be linked to the reduction of the ability of EHV-4
infected PBMC to adhere to endothelial cells and therefore
decrease the probability of infection due to the absence of viral
transfer between EHV-4-infected PBMC and endothelial cells. We
were able to show that the EHV-4 UL56 in comparison to its
counterpart in EHV-1 was able to downregulate VLA-4 on equine
dermal cells. Taken together, we conclude that systemic spread and
higher pathogenic potential of EHV-1 compared to EHV-4 is caused
by differences in their abilities to infect and/or reprogram mononuclear cells with respect to virus transfer to endothelial cells.
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Antibody and cellular immune responses of naïve mares
to repeated vaccination with an inactivated equine
herpesvirus vaccine
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Equine herpesvirus type 1 (EHV-1) continues to cause severe
outbreaks of abortions and myeloencephalopathy in horses
despite widely used vaccination. The aim of this work was to
determine the effects of frequent vaccination with an inactivated
EHV vaccine on immune development in horses. Fifteen EHV-1
naïve mares were vaccinated a total of 5 times over a period of 8
months with intervals of 20, 60, 90 and 60 days between vaccine
administrations. Total antibody and antibody isotype responses
were evaluated with a new sensitive EHV-1 Multiplex assay to
glycoprotein C (gC) and gD for up to 14 months after initial
vaccination. Antibodies peaked after the ﬁrst two vaccine doses
and then declined despite a third administration of the vaccine.
The fourth vaccine dose was given at 6 months and the gC and gD
antibody titers increased again. Mixed responses with increasing
gC but decreasing gD antibody values were observed after the
ﬁfth vaccination at 8 months. IgG4/7 isotype responses mimicked
the total Ig antibody production to vaccination most closely.
Vaccination also induced short-lasting IgG1 antibodies to gC, but
not to gD. EHV-1-speciﬁc cellular immunity induced by vaccination developed slower than antibodies, was dominated by IFN-g
producing T-helper 1 (Th1) cells, and was signiﬁcantly increased
compared to pre-vaccination values after administration of 3
vaccine doses. Decreased IFN-g production and reduced Th1-cell
induction were also observed after the second and fourth vaccination. Overall, repeated EHV vaccine administration did not always result in increasing immunity. The adverse effects on
antibody and cellular immunity that were observed here when
the EHV vaccine was given in short intervals might in part explain
why EHV-1 outbreaks are observed despite widely used vaccination. The ﬁndings warrant further evaluation of immune responses to EHV vaccines to optimize vaccination protocols for
different vaccines and horse groups at risk.
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Equine Herpesvirus-1 Interferes with Type-I IFNMediated Immune Responses in vitro in Equine
Endothelial Cells
S. Sarkar, U.B.R. Balasuriya, D.W. Horohov, T.M. Chambers
Department of Veterinary Science, Maxwell H. Gluck Equine
Research Center, University of Kentucky, Lexington, KY 40546,
USA
Equine herpesvirus-1 (EHV-1) is one of the major viral pathogens
of equids causing respiratory disease, abortion and neurologic
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disease. Recently, there have been increasing incidences of
neurologic disease caused by EHV-1 in many countries. Type-I
interferon (IFN) is considered to be the ﬁrst line of defense against
many viral pathogens. It has been reported earlier that EHV-1
infects the endothelial cells lining the blood vessels of the central
nervous system and induces vasculitis leading to neurologic signs
in horses. We have previously shown that the neuropathogenic
T953 strain of EHV-1 suppresses type-I IFN in equine endothelial
cells (EECs) (Sarkar et al., 2015). However, the antiviral effect of
type-I IFN in the endothelial cells has not been studied in detail.
We hypothesized that EHV-1 infection inhibits type-I IFNmediated antiviral response. In this study we investigated the
antiviral effect of type-I IFN against the neuropathogenic T953
strain of EHV-1 in vitro in EECs. To study the effect of type-I IFN,
sub-conﬂuent monolayers of EECs were stimulated with puriﬁed
recombinant equine IFN-a (rEqIFN-a) for 24 h before infecting
with T953 strain of EHV-1 or vesicular stomatitis virus expressing
green ﬂuorescent protein (VSV-GFP) at an MOI¼0.1. VSV-GFP was
used as a positive control for IFN-sensitive virus. At different
times post infection (pi), cell supernatants were collected and
titrated by plaque assay on rabbit kidney-13 cells to determine
the number of virus particles. In a separate experiment, rEqIFN-atreated EECs were resuspended into single cell suspensions and
an infectious center assay was performed to determine if rEqIFNa interfered with the infectivity of the IFN-treated cells. The results from both of the experiments demonstrated that T953 strain
of EHV-1 was partially resistant to the antiviral effect of exogenously supplied rEqIFN-a. To investigate the mechanism of
resistance, the effects of EHV-1 infection on JAK-STAT signaling
pathways were analyzed. Conﬂuent monolayers of EECs were
infected with T953 strain of EHV-1 at an MOI of 5.0 and at
different times pi (3 h and 12 h), cells were stimulated with
rEqIFN-a 30 min prior to lysis for Western blotting analysis to
determine the level of endogenous as well as phosphorylated
STAT-1. Mock infected EECs stimulated with rEqIFN-a or MEM
were used as either positive or negative controls, respectively. The
results demonstrated that the virus infection not only interfered
with STAT-1 phosphorylation, but also suppressed exogenous
rEqIFN-a-induced STAT-1 phosphorylation. The ﬁndings were
further conﬁrmed by indirect immunoﬂuorescence assay which
showed that EHV-1 T953 strain prevented rEqIFN-a-induced
nuclear translocation of STAT-1 from cytoplasm. Furthermore,
this study also revealed that downstream of the JAK-STAT
signaling, EHV-1 infection inhibited expression of cellular antiviral proteins including IFN-stimulated gene 56 (ISG56) and
viperin. Altogether these data show that the neuropathogenic
T953 strain of EHV-1 evades the host innate immune response by
inhibiting the type-I IFN signaling pathway in EECs.
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EHV-1 vaccination is performed to ameliorate clinical respiratory
disease, late term abortion and myelopathy. Inactivated virus
vaccines and few modiﬁed-live virus vaccines are available. A
product in Europe claiming to aid in abortion prevention has
a high antigenic load and manufacturer-speciﬁc adjuvants
(Equip®EHV-1,4; Zoetis). While few horses develop local swelling
or fever after IM administration, this is likely unacceptable for
horse owners, and could lead to decreased compliance with
vaccination. However, a post-vaccination systemic inﬂammatory
response (SIR) could also indicate a more robust speciﬁc immunity. Therefore, we hypothesised that horses with detectable SIR
will have higher virus-neutralising (VN) antibody titres than
horses without detectable SIR. We also tested whether differences
exist between vaccinated mules and horses. Adult mules (n¼11)
and horses (n¼11), previously vaccinated with an inactivated
EHV-1/EHV-4 vaccine (Equip®EHV-1,4) at 6-month intervals on at
least two occasions were used. Booster vaccination was performed on day 0 (d0) of the study. Before and daily post vaccination for 7 days, rectal temperature, nasal discharge and
mandibular lymph node (MLN) size were recorded. Blood was
collected prior to vaccination (d0), on days 3, 5, 7, 14, 21, and
additionally when fever was detected. Serum amyloid A (SAA)
was measured on d0 e d7 as a marker of SIR. VN titres were
measured on d0, 7, 14 and 21. Normality was assessed with the
Shapiro-Wilk-test. Mann-Whitney-test was applied to compare
horses to mules. A Spearman-correlation-coefﬁcient (R2) between
the maximum increase in VN titres and the highest SAA value was
calculated. Signiﬁcance was pre-set at p<0.05. Pre-vaccination
clinical exams were all normal. A single episode of fever (>38.0 C)
occurred in 4/11 (36%) horses and 2/11 (18%) mules (total fever
days per subject ¼ 1). All subjects showed seromucous nasal
discharge for 7 days. MLN were unremarkable throughout the
study. All subjects had increased post-vaccination SAA concentration (>1.7mg/L) on at least one occasion. VN results (median
[interquartile range]) were signiﬁcantly different (P¼0.0058) between horses (1:256 [1:64; 1;256]) and mules (1:512 [1:256;
1:512]) on day 7. A statistically signiﬁcant (P<0.05) change in
antibody titres compared to baseline (d0) was observed in mules
on d7. No signiﬁcant difference in SAA between horses and mules
was recorded. A signiﬁcant increase in SAA was observed on d3
(P<0.001) and d5 (P<0.01) compared to d0 in both groups. No
correlation was observed between peak SAA and the increase in
VN titres in horses (R2¼0.09, CI:-0.58-0.65; P¼0.80) or mules
(R2¼0.06, CI:-0.55-0.67; P¼0.86). In conclusion, vaccination
induced SIR characterised by signiﬁcantly increased SAA, but the
intensity of SIR was not associated with a higher VN antibody
response. The immune response differed between groups, with
higher antibody production in mules. Overall, the absence of a
signiﬁcant post-vaccination rise in VN titres suggests that the
adequacy of current vaccination programs should be further investigated.
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Efﬁcacy of antivirals expressed as percentage of inhibition

Reduction of EHV3 production
after 48h
Reduction of plaque size
Reduction of plaque number

ACV

GCV

HPMPC

>88%

>87%

>58%

84-100%
76-96%

84-92%
58-93%

76-85%
13-47%

Equine Coital Exanthema (ECE) is an infectious, venereally
transmitted mucocutaneous disease of mares and stallions caused
by equid herpesvirus 3 (EHV3). Prevention in stallions is based on
segregating affected mares from reproduction. However, reactivated virus from latently infected mares is re-excreted subclinically, and therefore the prevention approach previously
described does not eliminate the risk of contagion. Outbreaks of
ECE have a negative impact on horse reproductive practices; there
is thus an urgent need of a speciﬁc method of treatment and
prevention. In previous studies, we demonstrated the efﬁcacy of
antiviral compounds, such as acyclovir (ACV), ganciclovir (GCV)
and cidofovir (HPMPC), against EHV3 reference strain. The aim of
the present work was to evaluate these compounds against
different ﬁeld isolates of EHV3 in vitro. Six EHV3 isolates were
obtained from affected mares in Argentina from 2007 and 2008.
They were selected according to phenotypic and genetic differences determined prior to this study in order to form a group of
viruses representative of the variety of the circulating EHV3.
Monolayers of EDerm cells in 12- wells tissue culture plates were
infected with 30 plaque forming units/well of each ﬁeld strain.
After two h. of incubation, overlay medium, with and without
carboxymethyl cellulose (CMC) 0.75%, supplemented with ACV 5
mg/ml, GCV 0.05 mg/ml and HPMPC 2 mg/ml was added. The two
sets of plaques were incubated at 37 C in a CO2 incubator for 72 h.
The same experiment with each viral isolate but without the
addition of antiviral compound was performed as control. To
quantify EHV3 production, aliquots of the supernatant (without
CMC) were taken at 48 and 72 h after infection, and DNA was
extracted and analyzed by a quantitative real time PCR (qPCR)
targeting the gG gene. To determine plaque size and plaque
number, the cells with CMC 0.75% were ﬁxed and stained after 72
h with 0.1% formalin-buffered crystal violet solution. Results
shown in the following table are the mean value of the three
independent experiments.
In conclusion, the susceptibility of EHV3 ﬁeld isolates to ACV, GCV
and HPMPC was similar among them, and the results are in
concordance with the ones obtained with the reference EHV3
strain. The antiviral effect of these compounds was similar for
plaque size, but for plaque number and EHV3 production, HPMPC
was the least effective, being ACV and GCV similar regarding their
effectiveness against EHV3. However, as GCV was the most efﬁcient compound, it will be considered to be evaluated topically on
experimentally infected mares.
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Survey of equine herpesviruses-1, -2, -4 and -5 in 407
horses with and without respiratory disease
C.M. El-Hage*, Z.M. Mekuria, C.A. Hartley, J.R. Gilkerson
Centre for Equine Infectious Diseases, Faculty of Veterinary and
Agricultural Sciences, The University of Melbourne, Parkville
3010, Australia
Equine herpesviruses (EHVs) are common respiratory pathogens
in horses and other equids, which are responsible for serious
health, welfare and ﬁnancial consequences worldwide. The
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clinical importance of the gammaherpesviruses in horses remains
undetermined. This study aimed to determine the prevalence,
and any association between equine respiratory herpesviruses
EHV1, -2, -4 and -5 infection in horses with and without clinical
signs of respiratory disease. Cases were those horses that were
presented for exclusion of equine inﬂuenza virus (EIV) that
exhibited signs of respiratory disease including pyrexia, nasal
discharge, and/or coughing during the 2007 Australian EIV
outbreak. Nasal swabs were taken from 407 horses in Victoria,
which remained free of EIV and included clinically normal horses
that had been screened for regulatory purposes. Samples were
placed in viral transport media and subsequently stored at -80 C.
Quantitative PCR was performed using primers speciﬁc for EHV1,
-4, -2 and -5. A multiplex Taqman assay was performed with
labelled probes for the alphaherpesviruses EHV-1 and -4. Separate individual assays for the gammaherpesviruses EHV-2 and -5
were also performed. Of the three horses detected shedding EHV1, and the ﬁve shedding EHV-4 only one was noted to have clinical
signs referable to respiratory disease. The proportion of EHV5
infected horses in the diseased group (85/120, 70.8%) was
signiﬁcantly greater than those not showing signs of disease (137/
249, 55%). The odds of EHV-5 positive horses demonstrating
clinical signs of respiratory disease were twice that of EHV-5
negative horses (OR 1.99, 95% CI 1.25 to 3.16). Horses infected with
EHV-2 made up a smaller proportion in the diseased group (18/
120, 15.0%) compared to those without disease (61/249,
24.5%,P¼0.042). The odds of disease in EHV-2 positive horses
were approximately half that in EHV-2 negative horses (OR 0.54,
95%CI 0.31 to 0.97) Fifty of the 83 horses (60.2%) shedding EHV-2
were also shedding EHV5, however there was no greater likelihood of EHV5 detection in these horses compared to those
without detectable EHV-2 (199/324, 61.4%; P¼0.90). The dual
infected horses were no more likely to exhibit signs of disease (14/
46, 30.4%) than those shedding EHV-2 alone (4/33, 12.1%;
P¼0.063) or EHV-5 alone (71/176, 40.3%; P¼0.24). Logistic
regression showed no interaction between EHV-2 and -5 shedding on clinical signs of respiratory disease (P¼0.41). No quantitative difference between mean loads of EHV shedding between
diseased and non-diseased horses was able to be detected. The
clinical signiﬁcance of respiratory gammaherpesvirus infections
in horses remains to be determined, however this survey adds to
the mounting body of evidence associating EHV5 with equine
respiratory disease.
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Horses are usually infected during the ﬁrst months of life by
several equine herpesviruses, such as EHV-1, EHV-4 or EHV-2. The
persistence of these respiratory viruses through establishment of
latency, often characterised by an absence of clinical signs, represents a real risk to the horse population. Reactivation of latent
EHV could cause disease in both carriers and naive animals in
contact. A better understanding of the immune response to EHV
infection is necessary to improve our methods of prevention and
decrease the risk of transmission. The objectives of this study
were 1/ to characterise the cytokine gene expression proﬁle of
PBMC after in vitro EHV infection (EHV-1, EHV-4 and EHV-2) and
2/ To determine the efﬁcacy of the inactivated Parapoxvirus ovis
(iPPVO), a known immunomodulator in horses , against these
same viruses. PBMC were isolated from 3 horses and infected in
vitro with EHV-1, EHV-4 or EHV-2, in the presence or absence of
iPPVO. In vitro culture of PBMC with EHV-1, EHV-4, EHV-2 and
iPPVO induced a signiﬁcant increase of IFN-a, IFN-b and IFN-g
gene expression. Moreover, EHV-2 induced a signiﬁcant increase
of IL-1b, IL-6 and TNF-a mRNA. The presence of iPPVO induced an
earlier and stronger expression of IFN-a, IFN-b and IFN-g during
EHV infection. The presence of iPPVO reduced also the inﬂammatory response induced by EHV-2. In conclusion, this study
suggests that the presence of iPPVO potentiates the development
of the immune response during infection EHV in vitro.
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In virology, different conventional methods are commonly used
for virus titration and infectivity studies. Most of them are based
on direct examination of viral cytopathic effect, which is time
consuming, tedious and requires an endpoint reading. The RTCA
xCELLigence system (ACEA Biosciences) has been developed to
follow cellular events and their dynamics in real time using a
micro-electrical biosensor technology. The aim of this study was
to evaluate the feasibility of using this biosensor technology to
measure the effect of different equid herpesviruses on equine
dermal cell cultures, with or without antiviral acyclovir treatment. Cells were infected with EHV-1 (VR700), EHV-4 (VR2230),
EHV-2 (VR701) or EHV-3 (VR352). The viral effects were monitored by 3 different methods: impedance measurements (RTCA),
cytopathic effects recording (microscopy) and viral load quantiﬁcation (qPCR). The RTCA technology showed a dose dependent
drop of the cellular index induced by speciﬁc impedance variations measured during growth of each virus tested. These results
correlated with the cytopathic effect induced by the different
herpesvirus species, as well as viral loads measured by qPCR. For
example, after 3 days of incubation with EHV-1, RTCA results
showed an increase of the cellular index from 0% (infection
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without antiviral) to 45% and 100% in presence of Acyclovir (10ml/
mL and 100 mg/mL, respectively). These results are correlated
with the decreased of viral load measured in the presence of
Acyclovir: 1010 genome copies/mL with EHV-1 only, 106 copies/mL
with EHV-1 + Acyclovir 10 mg/ mL and 105 copies/mL with EHV-1 +
Acyclovir 100 mg/ mL. In conclusion, the cellular impedance
monitoring system is a new real-time method to monitor cell
growth and viral proliferation in cell cultures. This technology is
well adapted for high-throughput screening of antiviral molecules. In fact, the xCELLigence system enables continuous
impedance measurement and quantiﬁcation of cell adhesion,
proliferation, cell death and detachment during viral infection.
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Equine gamma herpesvirus type 5 (EHV-5) is related to the human Epstein eBarr virus (EBV) and has frequently been observed
in equine populations worldwide. EHV-5 was previously assumed
to be low to nonpathogenic, however, studies have also related
the virus to the severe lung disease equine multinodular pulmonary ﬁbrosis (EMPF). Genetic information of EHV-5 is scanty,
where the whole genome was recently described and only limited
nucleotide sequences are available. In this study, partial of the
EHV-5 glycoprotein B (gB) gene were analyzed in nine horses by
using next generation sequencing (NGS). The included samples
were from eight healthy Standardbred trotters at the same professional training yard that were sampled twice with one year
apart, and from one horse diagnosed with EMPF from which
samples were taken pre and post mortem. The analysis resulted in
obtaining of 27 partial gB gene sequences, 11 unique sequence
types and 5 amino acid sequences. These sequences could be
classiﬁed within four genotypes (I-IV) of EHV-5 gB gene based on
the degree of similarity of the nucleotide and amino acid sequences, and in this work horses were shown to be identiﬁed
with up to three different genotypes at the same time. The observations showed a range of interactions between EHV-5 and the
host over time, where the same virus persists in some horses
whereas others have a more dynamic infection pattern including
strains from different genotypes. This study provides insight into
genetic variation and dynamic of EHV-5 and highlights that
further work is needed to understand the EHV-5 interaction with
its host.
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Infections caused by equine Gammaherpesvirus 2 and 5 usually
occur during the early stages of the life of horses, followed by
periodic reactivation of a latent infection. The occurrence of
equine herpesvirus 2 (EHV-2) is related with immunosuppression and has been associated with outbreaks of respiratory
disease. Alternatively, equine herpesvirus 5 (EHV-5) has
tropism for the respiratory tract and has been related to equine
multinodular pulmonary ﬁbrosis. Since the presence of these
viruses was never reported in Brazil, the aim of this study was
to detect EHV-2 and -5 in Brazilian horses. Twenty-six nasal
swabs were collected from horses without signs of respiratory
distress from two distinct pure-breed farms (A, n¼18; B, n¼8).
Nucleic acid puriﬁcation was performed by using a combination
of the phenol/chloroform/isoamyl alcohol and silica/guanidinium isothiocyanate methods. The identiﬁcation of EHV-2 and
-5 was done by using a nested PCR assay that targeted the gB
gene. The PCR results were conﬁrmed by sequencing using ABI
3500 Genetic Analyzer. From Farm A, 5 nasal swabs were
positive for EHV-2, 10 contained EHV-5 DNA, and one sample
had the DNA of both viruses. From the second farm, 7 samples
were positive for EHV-2, 6 for EHV- 5, and 6 contained the DNA
of both viruses. In summary, from a total of 26 nasal swabs,
46.1% (12) were contained EHV-2 DNA, 61.5% (16) were positive
for EHV-5, and 26.9% (7) had the DNA of both viruses. This was
the ﬁrst detection of equine gammaherpesviruses 2 and 5 in
horses from Brazil. These results obtained from asymptomatic
horses suggest that these viruses are probably endemic in
Brazil, similarly as previously reported in Europe, USA and
Australia.
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Recombination allows evolution to occur in viruses that have an
otherwise stable DNA genome with a low rate of nucleotide
substitution. High-throughput sequencing of complete herpesviral genomes has recently allowed ﬁeld recombination to
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be studied in a number of different alphaherpesviruses, however such studies have not been applied to equine herpesvirus 1
(EHV-1) or equine herpesvirus 4 (EHV-4). These two equine
alphaherpesviruses are genetically similar and both cause
economically signiﬁcant disease in horse populations worldwide, but differ in their pathogenesis and epidemiology. This
study used high-throughput sequencing to determine the full
genome sequences of EHV-1 and EHV-4 isolates (11 and 14
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isolates, respectively) from Australian or New Zealand horses.
These sequences were then analysed and examined for evidence of recombination events using different recombination
analyses programs. Widespread recombination was detected
between the genomes of the EHV-4 isolates, but not between
those of the EHV-1 isolates. The results may also be used to help
inform the future safe use of attenuated equine herpesvirus
vaccines.
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Large scale sero-epidemiological investigation
Equine Inﬂuenza vaccination in Hong Kong
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Equine inﬂuenza (EI) is a major respiratory disease of the horse
induced by the highly contagious equine inﬂuenza virus (EIV).
Worldwide, diverse EI vaccines are available commercially. The
EIV strain, adjuvant composition and vaccine technology differs
greatly. The use of the same EI vaccine throughout the life of a
horse is unlikely, due to change of ownership, veterinary practitioner, location and/or vaccine availability. The compatibility of
different EI vaccines has rarely been studied but is of great
importance as immunisation failure could favour EIV dissemination. Study aims: To determine the impact of mixed EI vaccination
on protective immunity to EIV in horses and to measure herd
immunity in Hong Kong (HK). Methods: HK has approximately
1,250 race horses with around 450 new horses arriving each year.
Imported racehorses must have been vaccinated with an
approved EI vaccine, irrespective of their point of origin. All
horses are given a new primary course on arrival with a unique
ISCOM matrix adjuvanted EI vaccine and are vaccinated twice a
year thereafter. EI-speciﬁc antibody titres were measured by
single radial haemolysis (SRH) assay (A/eq/South Africa/4/03 EIV
strain) in 1050+ archived sera collected between 2010 and 2014
from 129+ horses. Objectives: 1) to determine the SRH antibody
titre in serums from HK resident horses (i.e. in HK for at least 1.5
year), 2) to evaluate the antibody titre on arrival at HK in relation
to their country of origin, 3) to measure the effect of post-arrival
mandatory EI primary vaccination and 4) to compare this
response with antibody levels measured in HK resident horses.
Results: Preliminary results indicates that the average yearly SRH
antibody titre for HK resident horses was 113±34mm2 (n¼467),
with only 15% of horses below the clinical protection threshold
(i.e. 85mm2) and less than 3% of horses below 50mm2. A signiﬁcant increase was detectable (p-value<0.00004) after each
immunisation boost (maximum average titre of 128±42mm2 in
October, n¼55). The average SRH antibody titre in the week
following importation to HK (and prior the mandatory EI
vaccination in HK) was 180±40mm2 (n¼79), with results in
horses originating in Australia signiﬁcantly higher (207±36mm2,
n¼10, p-value ¼ 0.0281) than horses from New Zealand
(171±34mm2, n¼42), Great Britain (168±38mm2, n¼17) or
Ireland (172±31mm2, n¼3). SRH antibody titres at the time of
importation were maintained for around 75 days (Figure 1) due
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to post-importation immunisation before decreasing slowly to
reach the levels of HK resident horses (around 200-225 days post
importation). Conclusion: There are few large scale sero-epidemiological investigations monitoring horses after EI vaccination.
Preliminary analysis indicates that a large proportion (85%) of
the HK horse population has protective SRH antibody titre,
which should provide efﬁcient herd immunity and protection
against EI. The impact of mixed EI immunisation is currently
being analysed.

Ă
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Equine Inﬂuenza (EI) is an important respiratory disease of the
horses. Numerous EI vaccines are commercially available worldwide and an accurate evaluation of their efﬁcacy is required
through clinical trials conducted in the natural host challenged by
experimental infection with equine inﬂuenza virus (EIV). Room
nebulisation is one of the recognised/chosen methods to deliver
an EIV infectious aerosol during the in vivo challenge phase of EI
vaccine studies. This method has been frequently used in the last
few decades; it is well tolerated, requires minimal animal
manipulation and has a demonstrated efﬁcacy. However, it presents inherent limitation, such as the difﬁculty to accurately
determine the EIV dose inhaled by an individual animal.
Furthermore, the suspected decreased pathogenicity of recent
Florida Clade 2 (FC2) EIV isolates have increased the
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heterogeneity of the clinical response and virus shedding
measured after infection by room nebulisation. This situation
raises concerns, as it could impact the statistical power of a study
and may require increasing the number of animals per group in
future studies. Objectives: This report aims to evaluate individual
nebulisation as a reﬁnement of the experimental EIV infection
model. Methods: Meta-analysis of clinical examination records
and virus shedding measured in naïve Welsh mountain ponies
experimentally infected with the FC2 EIV strains A/eq/Cambremer/2012 and A/eq/Northamptonshire/1/13 by room or individual nebulisation. Results from 5 independent studies were
analysed. Results: Experimental infection by room nebulisation
using the EIV strain A/eq/Cambremer/2012 revealed a notable
heterogeneity of the clinical and virological responses between
studies. Overall, the homogeneity of these responses was clearly
improved when the EIV A/eq/Cambremer/2012 infectious dose
was delivered by individual nebulisation. This result was
conﬁrmed when 2 studies, using the EIV A/eq/Northamptonshire/
1/13 strains delivered by individual nebulisation, were compared.
Advantages/disadvantages of individual nebulisation when
compared to room nebulisation: More controlled dose delivered
and better homogeneity of the response measured in control
animals. The individual nebuliser used in these studies (FlexiNeb)
showed great improvements when compared to previous models
described, being noiseless, self-contained, light, resistant, with a
rapid delivery of the infectious dose (<2min), no requirement to
sedate the animal and is easy to decontaminate. However, animals do require some acclimatisation prior to infection. Conclusion: This report analyses the clinical and virological responses
induced by room or individual EIV nebulisation. It reviews the
advantages and disadvantages of this nebulisation methods used
for the experimental EIV infection model. Individual nebulisation
proved to be efﬁcient and effective for the experimental infection
of ponies with EIV, which helps to maintain the number of animals per group to the minimum necessary and required in order
to obtain meaningful results, which adheres to the 3R’s (Replace,
Reduce and Reﬁne) principles.
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1
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Inﬂuenza A viruses (IAVs) pose a constant threat to humans and
animals and horses are no exception to this rule. In the last 60
years, horse populations have been invaded by at least three
distinct IAVs of likely avian origin. The ﬁrst equine inﬂuenza virus
(EIV) to be isolated was an H7N7 IAV that circulated for approximately 20 years before becoming extinct. The second EIV to be
reported was an H3N8 virus that originated in South America and
is still circulating in horses despite the availability of vaccines. A
third EIV was isolated in Jilin, China, during a large epizootic with
high morbidity and mortality. This virus, which only circulated for
a couple of years, was also of the H3N8 subtype, albeit phylogenetically different from the “classical” EIV discovered in 1963.
Evolution plays a key role in post-transfer adaptation during the
establishment of emergent viruses in new host species. However,
the molecular mechanisms that underpin this process are not
known. Here, we combined phylogenetics with in vitro assays and
reverse genetics technology to examine the evolutionary
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dynamics of EIV adaptation from a functional perspective. We
excluded antigenic drift from our analysis as the antigenic evolution of EIV has already been studied. Our results show that EIV
post-transfer adaptation is a multigenic trait and that evolutionary distinct EIVs exhibited different strategies to overcome
the host innate immune response. We also observed that the efﬁciency in genome replication changed over time. Finally, we
examined the transcriptome of equine cells infected with adapted
or non-adapted H3N8 IAVs to explore the intracellular pathways
that might be important during IAV adaptation to the horse.
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Equine inﬂuenza viruses (EIVs) cause severe respiratory disease in
horses across the world. EIV is classiﬁed as inﬂuenza type A virus
under family Orthomyxoviridae. Like other inﬂuenza viruses, EIV
also evolved into various lineages and sub-lineages which are
circulating globally. The cross-species jumping of equine origin
H3N8 has also been observed to infect dogs and pigs. As inﬂuenza
viruses completely dependent on host cellular machinery for
their replication, their adaptability in a particular host is signiﬁcantly inﬂuenced by codon usage of virus. Therefore, understanding of codon usage of EIVs will help in elucidating the
mechanism of evolution and host adoption. In present study, we
analyzed genome-wide codon usage patterns in 92 EIVs including
both H3N8 and H7N7 subtypes by computing several codon usage
indices. The complete genome sequences of EIVs isolated during
1963-2013, were retrieved from the “Flu database, NCBI” and data
set was generated by concatenating the open reading frames
(ORFs) of each strain. The nucleotide composition analysis
revealed that A/U-ended codons might be preferred over G/Cended codons in EIVs. The relative synonymous codon usage
(RSCU) values of each codon revealed that among 18 most
abundantly used codons in EIVs, 14 were A/U-ended and 4 were
G/C-ended codons in H3N8 genotypes, whereas patterns of synonymous codon usage in H7N7 genotypes was quite different.
Similar ﬁnding also reported in H5N1, H1N1 and H3N2 viruses.
We also noticed close homology in RSCU pattern of horse and dog
compared to donkey, despite belonging to same Equidae (horse
and donkey) family. The abundance of CpG dinucleotide in EIV
genomes was low which contribute in codon usage bias towards
escaping the host antiviral immune response, as low unmethylated CpG is available for stimulating host innate immune system.
The ENc analysis revealed high codon usage bias in H7N7 than
H3N8. Furthermore, we compared the codon usage pReferences
of EIVs with respect to different host species using codon adaptation index (CAI). It is interesting to note that CAI of H3N8 isolated from horse and canine were identical. The similarity also
found in other indices values of canine H3N8 with equine H3N8.
This clearly suggests that the equine H3N8 crossed the species
barrier and started infecting the canines. Besides, codon usage
pReferences of haemaggutinin and neuraminidase were low
compared to other genes, because of their less opportunity for
interaction with host factors. The ENc-plot and neutrality plot
analysis indicated that the mutational pressure is not the sole
factor in shaping the codon bias, but other factors also involved in
the process. Possible explanation of extinction of H7N7 might be
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associated with their comparatively higher codon biasness, low
CAI, low mutation pressure and very less adaption of tRNA pool of
equine cells. Hence, the study increased our understanding of
factors involved in viral adaptation, evolution, and ﬁtness towards
their hosts.

relative genetic diversity in 2006 could be due to the co-circulation of different lineages, while the abrupt decline observed after
2009 could be related to a subsequent reduction in transmission
of EIV H3N8 connected to the incorporation of Florida Clade 2
strains in vaccines.
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Molecular evolution of H3N8 equine inﬂuenza virus in
Argentina
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Since 1963, Equine inﬂuenza virus (EIV) H3N8 subtype has been
responsible for numerous outbreaks of respiratory disease in
horses worldwide. The aim of this work was to study the molecular characteristics of H3N8 EIV detected in Argentina, estimate their diversiﬁcation and infer the potential source of
infections. Nucleotide and deduced amino acid (aa) sequences for
the complete HA gene of the EIV detected in Argentina between
1985 and 2012 were analyzed along with sequences obtained
from the Inﬂuenza Research database. Maximum Likelihood (ML)
and Bayesian phylogenetic trees were built up. Bayesian coalescent analyses were carried out to estimate the time of the most
recent common ancestors (tMRCA) and the dynamic population
growth. The phylogenetic trees demonstrate that H3N8 EIV
detected in Argentina grouped in 4 well-supported monophyletic
clades: Group VIII (G.VIII), South American clade 1 (SA1) and 2
(SA2), and Florida clade 1 (FC1). The viruses circulating in
Argentina in 1985 (n¼2), together with a Chilean strain, formed
G.VIII (tMRCA~1984). The EIVs detected during the period 19931996 (n¼5) grouped in the SA1 (tMRCA~1992), composed only by
Argentinian strains, and their most probable origin was a Kentucky 1992 strain. The strains circulating in the period 1997-2005
(n¼8) grouped in the SA2 (tMRCA~1997), formed a monophyletic
group together with a 2006 Chilean strain, and were closely
related to California 1997 and Kentucky 1994 strains, feasible
ancestors of this group. The viruses detected in 2012 (n¼6)
grouped within the FC1 (tMRCA~2011) and formed a cluster with
the viruses detected in Florida in 2011. The demographic reconstruction showed a remarkable increase in viral diversity in 2006,
a slight decrease between 2007 and 2009, and an abrupt decrease
since 2009. Compared with A/eq/Fontainebleau/79 (pre-divergent prototype strain), Argentinean strains belonging to G.VIII
have 9 aa substitutions: T46I, A93T, R140K, T182S, G222W, V223I,
I267V, I187B and L199S, these last two situated at the antigenic
site B. In comparison with A/eq/Newmarket/1/93 (American
lineage reference strain), the SA 1 Argentinean viruses carried 4
aa substitutions: N132K, Q189N, Q190E and E193K, the last 3 at
the antigenic site B, and the SA2 strains showed only one aa
substitution at the antigenic site D (I214V). The possible ancestors
for SA1 and SA2 also possess the same aa substitutions at the
antigenic sites B and D, respectively. EIV Argentinean strains
detected in 2012 belonging to FC1 contained 5 aa substitutions in
comparison with A/eq/Ohio/01/03 (FC1 reference strain): G7D,
R62K, D104N, A138S and V223I. In addition, two different subpopulations can be recognized among them, one with a substitution in K-14A and the other one in K-14T and M70V, this last
(M70V) being present only in Argentinean strains. Except for K14A and M70V, the strain considered to be the origin of the group
(A/eq/Florida/146609/11) has the same aa substitutions. The obtained results allow us to hypothesize that the outbreaks of
equine inﬂuenza in Argentina were due to 4 introductions of virus, presumably from North America. The rapid increase in the

In 1979, inﬂuenza caused a major epidemic amongst horses
across Europe including Newmarket, UK. Subsequently, vaccines
were produced using multiple outbreak strains including A/
equine/Newmarket/79 and A/equine/Fontainebleau/1/79 (both
subtype H3N8) which prevented further UK outbreaks until 1989
when a new antigenic drift variant emerged. The A/equine/Sussex/89 (H3N8) strain came from one of the affected regions in the
UK where both unvaccinated and, notably, vaccinated horses
were affected. The accumulation of mutations within important
antigenic epitopes of the virus surface glycoprotein haemagglutinin (HA) can lead to a decrease in the efﬁciency of antibody
recognition. To study this phenomenon in relation to the
outbreak, three mutations, previously shown to have a pronounced effect on recognition by ferret sera, have been incorporated into equine inﬂuenza pseudotyped lentiviruses (PVs). PVs
provide a ﬂexible platform for virological mutagenesis studies
and antibody screening assays. The PVs were generated via cotransfection of HEK293T/17 cells with four plasmids expressing
the equine inﬂuenza HA surface glycoproteins, HIV gag-pol, ﬁreﬂy
luciferase reporter gene and TMPRSS2 endoprotease (to cleave
the HA which is necessary for viral infectivity). The resulting viruses were harvested and pseudotype virus antibody neutralization assays (PVNAs) against Newmarket/79-speciﬁc sera (to
mimic the pre- and post-outbreak situation) were performed.
Neutralizing antibodies provide protection and the PVNA is a
sensitive technique to measure such protective antibody responses compared to other traditional assays (HI and SRH) that
measure antibody inhibited surface glycoprotein binding. The
PVNA highlighted speciﬁc single amino acid mutations in the
putative major epitope sites that altered the ability of the sera to
neutralize the PVs, indicating their importance in vaccine protection.

012
Assessment of antigenic difference of equine inﬂuenza
virus by challenge study in horses
T. Yamanaka*1, H. Bannai 1, M. Nemoto 1, K. Tsujimura 1, T.
Kondo 1, T. Matsumura 1, Sarah Gildea 2, Ann Cullinane 2
1
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Vaccination with inactivated vaccines is the primary means of
control of equine inﬂuenza which is caused by the infection with
equine inﬂuenza viruses of the H3N8 subtype. Many outbreaks
have been reported among vaccinated horses primarily due to the
antigenic mismatch between the vaccine strains and the ﬁeld
strains. We previously reported that the horse antiserum raised to
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the Japanese vaccine strain, A/equine/La Plata/1993 (LP93,
Argentine sublineage), poorly cross-neutralizes some Florida
sublineage Clade (Fc) 2 strains which have one amino acid substitution at position 144 in antigenic site A of the hemagglutinin,
e.g. A/equine/Carlow/2011 (CL11). Because of that, Japanese vaccine manufacturers are updating their vaccines by replacing LP93
with a Fc2 strain, i.e. A/equine/Yokohama/aq13/2011 (Y10, Fc2).
We compared the efﬁcacy of the updated vaccine with that of the
vaccine containing LP93 in horses experimentally challenged
with CL11. Ten naïve horses were randomly separated into 2
groups, Y10 and LP93 groups. The horses in each group were
vaccinated twice one month apart by intramuscular injection of
the monovalent vaccine containing inactivated Y10 or LP93 strain.
Two horses in each group were experimentally infected with 109.4
50% egg infectious dose/horse of CL11, two weeks after the second
vaccination. The remaining three horses in each group were
experimentally infected four weeks after second vaccination. The
rectal temperatures were recorded, and nasopharyngeal swabs
were collected daily for 14 days after the challenge. The geometric
mean (GM) of the virus neutralization (VN) titer against CL11 of
the Y10 and LP93 groups on the day of challenge, i.e. Day 0, was
48.5 and 10.6, respectively. Contrarily, the GM haemagglutination
inhibition (HI) titers against CL11 of the Y10 and LP93 groups on
Day 0 were similar (i.e. 27.9 or 24.3, respectively). The mean rectal
temperatures of the LP93 group were signiﬁcantly higher than
those of the Y10 group on Days 2 to 7, except for Day 4 after
challenge. The mean duration (3.0 days) of pyrexia (38.5 C) of
the LP93 group was signiﬁcantly longer than that of Y10 group
(0.4 days). The virus was isolated from the swabs collected from
all the horses, except for two horses in the Y10 group. No significant difference in the duration of virus shedding was observed
between the groups. This study demonstrated the superior efﬁcacy of the Y10 vaccine in terms of mitigation of pyrexia
compared to that of the LP93 vaccine. The GM HI titres against
CL11 were similar for the two groups on Day 0 and the difference
in vaccine efﬁcacy was probably due to the approx. 4.6-fold difference in GM VN titres between the groups. Thus this study
suggests that in horses, VN tests are more likely than HI tests to
identify antigenic differences in inﬂuenza viruses which could
affect vaccine efﬁcacy.
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manufacturer recommendations. The age at ﬁrst vaccination was
159.3±27.6 days (17 to 37 weeks). Sera were tested by single radial
haemolysis (SRH) against the A/equine/Jouars/4/2006 EIV strain
(H3N8; Florida Clade 2) at the time of the ﬁrst vaccination (V1), 2
weeks and 3 months after the second immunisation (V2), 2 days
and 3 months after the third immunisation (V3). Results: The
short (V2+2 weeks) and mid-term (V2+3 months and V3+3
months) SRH antibody levels were statistically different between
the stud farms (p-value¼0.031, 0.027 and 0.0003, respectively). At
both time points, SRH antibody titres were positively correlated to
the age of foals at V1 (p-value¼0.003 and 0.0038, respectively).
Presence of maternal derived antibody (MDA) at V1 had no
impact on short-term antibody titres (V2+2 weeks; p-value¼0.27)
but was negatively correlated with titres after V3 (p-value¼0.0056). Given that SF#1 antibody response was below clinical protective levels (i.e. 85 mm2) at all time points studied, the
annual boost immunization (V4) was brought forward by 5.4±1
months to restore protective antibody levels. The average age at
ﬁrst immunisation was delayed by 48.7 days the following year in
SF#1, which signiﬁcantly increased SRH antibody titres (p-value¼9.9e-07). Conclusion: Independently of the presence of MDA,
the age of foals at ﬁrst immunisation with the canarypox-based IE
vaccine plays an important role in the establishment of adequate
antibody levels. This study also highlights the beneﬁt provided by
serological surveillance in order to evaluate the protection level of
a speciﬁc population, to identify poor vaccine responder and to
implement corrective management/vaccination measures.

ĂEthical Animal Research: Ethical approval and owner consents

were obtained.
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Every year, several Equine Inﬂuenza (EI) epizooties are reported
worldwide, which may have important welfare and/or economic
consequences. EI vaccination is one of the most efﬁcient methods
of prevention. However, not all horses develop protective immunity after EI immunisation, increasing the risk of infection,
virus shedding and the spread of the disease. Objectives: This
study aimed to better understand the poor response to primary EI
vaccination. Study design: The EI antibody response was
measured in 117 thoroughbred foals set in 3 different stud farms
(SF#1 to SF#3) during primary EI immunisation with a commercial recombinant canarypox-based EI vaccine, following the
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Current equine inﬂuenza vaccines elicit a strong humoral immune
response against surface glycoproteins, in particular haemagglutinin (HA). However, the virus undergoes continuous evolution
by mutation of sequences encoding amino acids, mostly those
present in the exposed head domain of HA, which results in poor
induction of cross-reactive antibodies against non-matching
strains. In contrast, it has been reported that epitopes in the stem
region of HA are highly conserved and can be used to stimulate a
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broader immune response. This work describes the generation of
two immunogens based on the stem region of HA from the A/
Equine/Argentina/93(H3N8) inﬂuenza strain: a recombinant protein expressed in prokaryotic cells (DHAp), and a DNA vaccine
(DHAe). A DNA fragment encoding DHAp was cloned into the
pET22b vector, and the recombinant protein was puriﬁed from inclusion bodies. The DHAe coding sequence was cloned into
eukaryotic vectors that were transfected in HEK 293T cells. The
expression of proteins was determined by Western blot assay. The
immunogenicity of both vaccine candidates was studied using
different combination of antigens in mice. Immunizations were
done two times with a three-week interval. The DNA vaccine was
given intramuscularly and the recombinant protein was given
intraperitoneally in incomplete Freund’s adjuvant (Sigma). A group
of ﬁve mice received two immunizations with 50 ug of DNA vaccine;
a second group received two immunizations with 10 ug of recombinant protein; a third group was primed with 50 mg of DNA vaccine
and boosted with 10 ug of recombinant protein; a fourth group was
primed with 10 ug of protein and boosted with 50 mg of DNA vaccine;
and a ﬁfth group received only PBS. We found that immunization
with two doses of recombinant protein was more immunogenic that
vaccination with DNA only or combination of DNA and protein. In
order to analyze cross-reactivity of the immune sera, ELISA plates
were coated with 4 HA units of inﬂuenza strains belonging to groups
1 (H1N1) and 2 (H3N2). Plates coated with recombinant protein
were used as a positive control. Higher antibody titers against viruses belonging to the same phylogenetic group were observed
when mice were immunized with recombinant protein. However
antibody titers were broader and reacted against viruses belonging
to different phylogenetic groups when mice were immunized with
DNA. Conclusions: Recombinant proteins were expressed correctly
in prokaryotic and eukaryotic systems. Homologous antibody titers
were higher in animals immunized with recombinant proteins,
while DNA immunization induced a heterotypic immune response.

distress, forced expiration, rufﬂed coat, reduced activity and
crouching at corners at 2-7 days post challenge (dpc) with
6.34±0.21 % weight reduction at 5 dpc, whereas vaccinated mice
showed minimal signs at 2-4 dpc with 3.69±0.13% weight
reduction at 2 dpc. Hematology showed mild leucopenia with
lymphopenia at 7 dpc and lymphocytosis at 3 dpc in unvaccinated
and vaccinated mice, respectively. Gross lesions in unvaccinated
mice after challenge were congestion of nasal mucosa, grayish
mucinous exudate in trachea, severe consolidation (3-4 mm  2-3
mm) of lung parenchyma with congestion and gray discoloration
at 2-5 dpc. In comparison, vaccinated mice showed only
congestion of lung parenchyma without consolidation at similar
intervals. Main histopathological changes viz. rhinitis, tracheitis,
necrosis of bronchi and bronchiolar epithelium, peribronchitis
and perivascular cufﬁng of neutrophils and lymphocytes, diffuse
interstitial pneumonia were restricted to respiratory tract in unvaccinated mice at 3-5 dpc. Vaccinated mice developed mild
respiratory lesions which resolved rapidly (2-3dpc). Gross and
histopathological scoring revealed that vaccinated mice developed fewer lesions than unvaccinated mice upon challenge. Unvaccinated and vaccinated mice showed similar EIV antigen
distributions in nasal turbinate, trachea and lung, but intensity
and duration of positivity was less in vaccinated mice. Virus
isolation from nasal washings and lung tissues showed less virus
shedding (1.25 log10 EID50/ml) and early clearance (1 dpc) in
vaccinated than unvaccinated mice (5.25 log10 EID50/ml at 1 dpc
and persisted up to 5 dpc). Further, qRT-PCR showed unvaccinated mice shed signiﬁcantly more virus in nasal washings and
lungs up to 5 dpc as compared to vaccinated mice which shed
very less virus up to 3 dpc. Thus, it can be concluded from the
present investigations that BALB/c mice is a potential small animal model for testing EIV vaccine candidates prior to testing in
ﬁnal host. Findings of the study will be discussed in detail during
the presentation.
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Protective efﬁcacy of inactivated EIV vaccine (H3N8) in
BALB/c mice model
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Molecular evolution of H3N8 EIV in China, phylogenetic
and structural analyses
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Equine inﬂuenza (EI) is highly contagious acute respiratory disease of equines caused by Inﬂuenza A virus belong to the family
Orthomyxoviridae. Like other inﬂuenza viruses, equine inﬂuenza
virus (EIV) show periodic antigenic drift that leads to vaccines
strains becoming redundant. This necessitates regular harmonization of vaccines and strain substitution. The studies in large
animals for potency testing is difﬁcult and suitable small animal
model is required for testing the protective efﬁcacy of the novel or
updated EI vaccine candidates prior to ﬁnal testing in equines. The
present investigation focuses on use of BALB/c mice for studying
the protective efﬁcacy of inactivated indigenous H3N8 vaccine
subsequent to challenge with EIV. BALB/c mice immunized with
inactivated EI vaccine were challenged through intranasal instillation of EIV @ 2x106.24 EID50 in 20ul volume. Mice were monitored for humoral immune response kinetics (HAI), clinical
examination, virus isolation, qRT-PCR, histopathology and
immunohistochemistry (IHC). Immunized mice showed HAI titre
of 138.67±25.69 after two boosters. Clinically unvaccinated mice
suffered severe respiratory disease and showed respiratory

Equine inﬂuenza virus (EIV) belongs to the Orthomyxoviridae
family and is responsible for the severe acute respiratory disease
of equine inﬂuenza (EI) in the horse population. Two genotypes of
EIV have been isolated, H7N7 (considered extinct) and, H3N8 that
has diverged into American and the European lineages. The
American lineage further evolves into the Kentucky, South
American, and Florida clade 1 and 2. Currenly, Florida Clade 1 and
2 are the most prevalent genotypes worldwide. In China, four
main EI epizootic events (1970, 1989, 1994 and 2007-2008)
occurred. The analyses showed that all EIV were related and
clustered in a single branch belonged to Florida Clade 2. The
strains present in the vaccine are SouthAfrica/1/2003 and Ibaraki/
1/2007 and, although vaccination is currently implemented in
China, sporadic even of EI were detected during the last years. The
aim of this work is analyze the EIV detected during 2011, 2013 and
2015 in China based on phylogenetic and structural analyses of
hemagglutinin protein.The Data set were constructed by BLAST
analyses with Huabei/1/2007 strain to deﬁned sequences to
compared. One hundred and two HA sequences available in
GenBank were used. The phylogenetic analyses was carried out in
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MEGA6 software. The molecular modeling was performance in ITasser online server and, the structure were analyzed with UCSF
Chimera package. The phylogenetic analyses showed that the
Asian EIV population has a geographic division. All Japanese strain
grouped in Florida Clade 1 next to USA strains. The EIV population
from mainland (China, Mongolia, Kazakhstan and India) belong to
Florida Clade 2. Furthermore, a geographic association is
observed. Two EIV population can be shown Indian strains corresponding to 2008 and 2011 EI outbreak. In China, the 20072008 strains from a monophyletic cluster. Interesting, the strain
Mongolia/56/2011 evolve to the Mongolia 2011 outbreak and,
similar strain were detected in 2012 in Kazakhstan (South
Kazakhstan/236/2012). The strains detected in China in 2013
(Heinlongjian/SS1/2013 and Xuzhou/01/2013) were linked with
the strains detected in Mongolia in 2012. Mapping the amino acid
(aa) substitution, four differences (V78A, S159N, S162P and
K189Q) are found in Huabei/1/2007 respect to the vaccine strain
Ibaraki/1/2007, three in the antigenic site B (top of the protein)
and one in E. Comparing the vaccine strain against Heinlongjian/
SS1/2013, two extra aa substitution can be seen (A144T and
E198G). Our study support the understanding of the molecular
evolution of H3N8 EIV in Asia and will facilitate future investigations of the epidemiology of these viruses because, the EIV
strains still evolving in the population. Furthermore, contributes
to the monitoring of vaccines the currently available.
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Optimisation of equine inﬂuenza pseudotyped virus
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Pseudotyped viruses (PVs) provide a ﬂexible, safe platform for
fundamental virological studies and antibody/antiviral screening
assays. Generation of inﬂuenza PVs involves co-transfection of
producer cells with plasmids encoding the necessary viral components. The pseudotype virus neutralization assay (PVNA) is a
sensitive technique to measure protective antibody responses.
Furthermore, many traditional methodologies (e.g. HI, SRH) detect
only surface glycoprotein binding antibodies whereas the PVNA
quantiﬁes infectivity-neutralizing responses. Two enzymes crucial
for the infectivity of inﬂuenza viruses are; HA-cleaving cellular
proteases and neuraminidase (NA). Transmembrane protease
serine 2 (TMPRSS2) has been shown to cleave group 2 inﬂuenza
HAs in both a native and PV context, including an equine H3 PV.
However the efﬁcacy of alternatives, such as TMPRSS4 and human
airway trypsin-like protease (HAT), has not been tested. In nature,
inﬂuenza NA cleaves sialic acid permitting viral egress. When
generating PVs, an exogenous source of NA (often from Clostridium
perfringens) is typically added for cleavage. However, an endogenous source of NA (i.e. NA encoding plasmid) has rarely been used
in the transfection mix to produce inﬂuenza PVs and not yet trialled for H3. Producing high titre PVs is important as this permits
minimal quantities to be used in PVNAs, and repeat experiments
can be carried out using the same batch of virus, minimising intrastudy variability. Here we investigated the role of different proteases and NAs to optimise the generation of PVs. Initially, inﬂuenza PVs were generated via co-transfection of HEK293T/17 cells
with plasmids expressing the A/equine/Richmond/1/2007 inﬂuenza H3 HA, HIV gag-pol, ﬁreﬂy luciferase reporter and test
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endoprotease (with the standard addition of exogenous NA). The
nature and quantity of protease plasmid affected PV titre and so the
optimum was subsequently used in a ﬁve plasmid co-transfection
incorporating a different NA plasmid representative of N1-4, 8 and
9 subtypes. Some, but not all, NA subtype plasmids enabled generation of PVs with H3 HA and there were notable differences in
production titre. PVs were then taken forward into PVNAs, to
determine whether the presence of NA in the PV envelope inﬂuences antibody neutralization. Results showed that neutralization was not impeded by the presence of NA.
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Production and establishment of a new candidate horse
antiserum (Common OIE International Standard/
European
Pharmacopoieia
Biological
Reference
Preparation) to the Florida Clade 2 equine inﬂuenza
virus A/eq/Richmond/1/07
R. Paillot*1, M.R. Lopez-Alvarez 1, D. Garrett 1, I. Birand 1, M.-E.
Behr-Gross 2
1
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Directorate for the Quality of Medicine and Healthcare (EDQM),
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Equine inﬂuenza (EI) is a major respiratory disease of the horse
caused by the highly infectious equine inﬂuenza virus (EIV), outbreaks of which induce signiﬁcant welfare and economic consequences. EI vaccination is one of the most effective methods of
prevention, with diverse EI vaccines commercially available
worldwide. As for all inﬂuenza viruses, EIV constantly evolves
through antigenic drift in order to evade natural and vaccine immunity. Genetic and antigenic variations are monitored by the OIE
(World Organisation for Animal Health) Expert Surveillance Panel
for EI vaccine composition (OIE ESP) in order to maintain optimal EI
vaccine protection. In 2010, the OIE ESP recommended that EI vaccines should contain EIV strains from both Florida Clade 1 and Clade
2 sublineages (FC1 and FC2, respectively). In this context, up-to date
reference antiserum standards are essential for normalisation of
immunogenicity assays, such as the single radial haemolysis assay
(SRH) and the haemagglutination inhibition (HI) test, for EI vaccines
batch potency assay and efﬁcacy evaluation in clinical trials, and for
diagnostic tests. A biological reference preparation (BRP) equine
antiserum to the FC1 EIV strain A/eq/South Africa/4/03 is currently
available, but none exist for FC2 EIV strains. This FC2 BRP is urgently
required. Study aims: to produce and establish a new candidate
equine antiserum speciﬁc to the EIV strain A/eq/Richmond/1/07
(FC2 representative strain) asan European Pharmacopoeia (Ph. Eur.)
BRP and as an OIE-approved International Standard. Objectives &
Results: 1) BRP production: two Welsh mountain ponies, seronegative for EIV, were successfully immunised against the EIV strain A/
eq/Richmond/1/07 by experimental infection. A total of 1.230 litre of
serum was collected from day 14 to day 23 post infection and
titrated by SRH using the EIV strain A/eq/Richmond/1/07 as antigen.
SRH antibody titres ranged from 144mm2 to 217mm2. 2) BRP
titration and validation: after pooling and inactivation with Betapropiolactone, a batch of BRP and SRH/HI antigens will be provided
to up to 10 independent collaborative laboratories for SRH and HI
titration. Individual titrations will be analysed by the EDQM statistics department in order to deﬁne the new FC2 BRP potency titre.
Conclusion: the availability of up-to date reference standards is
essential to develop, evaluate and standardise the different methods
of prevention against EI (e.g. EI vaccines and serological diagnostic
tools). This presentation aims to review the multi-stage process of
production and establishment of a new horse antiserum BRP speciﬁc to the FC2 representative EIV strain, with results currently
obtained highlighted and pivotal stages presented and discussed.

Journal of Equine Veterinary Science 39 (2016) S78eS82

Contents lists available at ScienceDirect

Journal of Equine Veterinary Science
journal homepage: www.j-evs.com

10th IEIDC Abstracts-Respiratory: Other
207
Equine rhinitis A virus infection and cytokine
expression in primary tracheobronchial epithelial cell
culture
ndez*1, E. Nagy 2, L. Viel 1
A. Diaz-Me
1
Department of Clinical Studies and; 2 Department of Pathobiology,
Ontario Veterinary College, University of Guelph, Guelph, Ontario,
Canada, N1G 2W1
Primary bronchial cells and ex-vivo explants are commonly used
as a model for respiratory viral infections and lung diseases in
humans. Similarly, these systems can be used to mimic and
study respiratory conditions in the horse. Therefore, equine
tracheobronchial epithelial cells (TBEC) could be used to investigate viral respiratory infections and their immune/inﬂammatory responses in this species. The aims of the present study
were to investigate the cytopathic characteristics of equine
rhinitis A virus (ERAV) in primary TBECs and the gene expression
of IFN-gamma, IFN-Beta, IL-4, and IL-8. TBECs were obtained
from the lower trachea, carina and primary bronchi of ﬁve
euthanized horses. After dissection, the tracheal mucosa was
removed, washed and kept overnight on pronase. Twelve to
eighteen hours later, the airway mucosa was scraped and cells
were mechanically separated. TBECs were then washed, plated
on collagen coated ﬂasks/plates using modiﬁed DMEM F12 cell
culture medium and allowed to propagate to conﬂuency. In order to investigate the cytopathic characteristics, conﬂuent TBEC
monolayers were exposed to ERAV and observed daily for 5
consecutive days. Additionally, to investigate cytokine expression by qPCR, TBEC monolayers were exposed to either ERAV or
equine inﬂuenza virus (EIV) and supernatant samples were
collected at 0, 2, 4, 6, 8, 10, 12, 16, 20 and 24 hours post-infection.
EIV was used as a comparison for cytokine expression. Interestingly, in this study ERAV infected TBECs developed syncytial
cell formations and/or cell clumping commonly observed during
other in-vitro viral infections, such as syncytial or herpesviruses.
Contrary to our expectations, signiﬁcant changes in the
expression of interferons and IL-4 were not detectable by qPCR
after exposure of TBECs to ERAV or EIV within 24 hours. However, up-regulation of IL-8 after exposure to these two viruses
was identiﬁed from 2 up to 24 hours post-infection in a similar
magnitude. IL-8 is consistently detected in respiratory secretions during viral infections in humans and has been shown to
induce chemotaxis and phagocytosis of inﬂammatory cells in
the airways. Therefore, changes in the expression of IL-8 indicate
that this chemokine might play an important role during early
infections, perhaps as a chemotactic factor and/or phagocytic
inductor.
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Infectious upper respiratory tract disease (IURD) is one of the
most common medical conditions encountered by equine practitioners nationwide. A major challenge is to determine the contagious nature of the disease soon enough to properly manage the
patient, while reducing risk of exposure to other horses. The rapid
turn-around time and accuracy of quantitative PCR (qPCR) makes
this molecular technology an ideal tool for prompt diagnosis of
infectious respiratory pathogens. The objective of this study was
to gain a better understanding of the prevalence and epidemiology of important viral [equine herpesvirus-1/4 (EHV-1, EHV-4),
equine inﬂuenza virus (EIV), equine rhinitis virus A/B (ERAV,
ERBV)] and bacterial (Streptococcus equi subsp. equi) respiratory
pathogens shed by horses with signs of acute IURD. Veterinarians
throughout the USA were offered voluntary enrollment in the
surveillance program and asked to collect blood and nasal secretions from febrile equine patients with acute onset of IURD
and/or neurologic disease. Sampling criteria included unexplained fever and one or more of the following: cough, nasal
discharge, depression, acute onset of neurologic disease. A questionnaire was used to collect patient demographic data, clinical
signs and vaccination history. Samples were tested by qPCR for
the presence of EHV-1, EHV-4, EIV and S. equi subsp. equi. After
the ﬁrst 54 months of the trial, testing for ERAV and ERBV was
initiated. A total of 5,222 horses, mules and donkeys were
enrolled in the surveillance program over a 90-month study
period. Thirteen hundred and thirty four (25.5%) index cases
tested qPCR-positive for one or more of the six pathogens. The
highest detection rate was for EHV-4 (431 cases), followed by EIV
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(365 cases), S. equi subsp. equi (286 cases), EHV-1 (183 cases) and
ERAV/ERAB (69 cases). There were 47 horses with double infection and 5 horses with triple infection. Detection rate by qPCR for
the different pathogens varied with season, age, breed and use.
One of the limitations of the study was the lack of a control
population. Thus, interpretation of the study results was only
possible among speciﬁc etiological causes of IURD. While infectious respiratory pathogens were detected in 25.5% of study cases,
the etiology for the remaining animals with clinical signs of IURD
was not further investigated. Possible explanations for the high
percentage of qPCR-negative results include false negative tests
associated with wrong timing of sample collection, erroneous
sample type, and improper sample storage and processing. Nasal
secretions may be less reliable for the detection of S. equi subsp.
equi when compared to nasopharyngeal swabs and washes or
guttural pouch lavages. Other poorly characterized viral pathogens (adenovirus, EHV-2, EHV-5) also may be involved with IURD.
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Case Report
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Rhinosporidiosis can affects both, humans and animals,
including the horse. It is caused by a Mesomycetozoa, Rhinosporidium seeberi (Family Rhinosporideacae), which is found in
aquatic environments. It is a non-contagious, chronic granulomatous disease, which leads to the formation of polyps, growths
or warty, highly vascular, friable and sessile or pedunculated
lesions. Frecuently affects the mucous membranes of the nasal
cavity and nasopharynx, being the rare laryngeal presentation.
This paper aims to report an unusual case of laryngeal Rhinosporidiosis in a horse. A horse, male, 10 years old, dapple coat,
used for ﬁeld work; was examined in our service at Teaching
Hospital with a history of abnormal breath sounds of two years
of evolution. The endoscopic examination of the upper respiratory tract was performed with an Olympus videogastroscope
with a CV145 image processor, CLE145 light source and OEV203
monitor. Radiological images were recorded with a x-ray
portable equipment AJEX9020H with latero-lateral head incidence. Samples of the doughs found in the larynx were taken by
endoscopic biopsy forceps (Olympus FB-25 K1) for subsequent
histopathology. Clinical parameters were in the normal range
and abnormal inspiratory noise, which was exacerbated by exercise, it was evidenced. Endoscopy showed the presence of
multiple nodular-growth, polypoid, mobile, with an irregular
and nonulcerated surface, pink in color with bright-red areas on
arytenoid cartilage, epiglottis and vocal cords surface. A blockage
of about 90% of the rima glottidis was appreciated, with intermittent dorsal displacement of the soft palate. The head laterolateral radiographs showed nodular images with irregular edges
and variable sizes; with increasing density of the soft tissues in
the projection of the rima glottidis and cervical trachea lumen,
adjacent to the larynx. An increased radiopacity of the arytenoid
cartilages and epiglottis, with scalloped edges, was also
observed. Histopathology revealed that the masses were
composed of ﬁbrovascular tissue, lined with a squamous to
columnar, hyperplastic epitelium; with multiple spherical
structures corresponded to sporangia, ranging from 80 to 400
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microns in diameter, with endospores inside. In the ﬁbrovascular
stroma, free endospores, areas of hemorrhage and moderate cell
inﬁltrate composed mainly of neutrophils, macrophages and
occasional inﬂammatory cells; were observed. Based on histological ﬁndings, the diagnosis was issued a rhinosporidiosis
associated laryngeal chondropathy. Rhinosporidiosis is not a
common disease in horses and, when present, its main location
is at the mucocutaneous junction of the nostrils and the nasal
cavity. Laryngeal Rhinosporidiosis, of which only three cases are
reported in the world, it's unusual. To date it has not succeeded
in isolation and in vitro culture of this microorganism and
serology has no diagnostic value; hence the importance of histopathology to conﬁrm the condition. The latter is essential to
differentiate malignant tumors, as opposed to these, Rhinosporidiosis is a good prognosis disease (although it may recur).
Based on the information provided in this work, rhinosporidiosis
should be included as a differential diagnosis of any laryngeal
mass, bearing in mind that there are endemic areas for this
disease in Argentina.
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tracheal aspirates from healthy young foals in Japan
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Cases of pneumonia in foals caused by Pneumocystis carinii
infection have been reported. However, in humans a considerable
percentage of healthy infants seroconvert to P. carinii, suggesting
that the presence of P. carinii does not necessarily lead to a
deﬁnitive diagnosis of disease. The status of P. carinii infection in
healthy foals remains unknown, although it is suspected that P.
carinii is an opportunistic pathogen in the same way as it is in
human infants. We used real-time PCR to perform surveillance of
P. carinii in tracheal aspirate (TA) samples collected from Thoroughbred foals born in Japan. TA samples were collected from
eight healthy foals. The foals had been bred on the same ranch
and pastured with other horses since the age of 3 weeks. TA
samples were collected at 3, 4, 6, 8, 10, and 12 weeks of age. Sterile
disposable silicone tubes were used for sample collection, and
samples were stored at e80 C until DNA extraction. Samples
were homogenized by using a mucus catabolic enzyme before
DNA extraction. Speciﬁc primers targeting a 75-bp fragment from
the large-subunit mitochondrial ribosomal RNA gene region of P.
carinii were used in real-time PCR assays conjugated with ﬂuorescent SYBR® Green I dye. More than one copy per PCR reaction
was considered positive. All eight healthy foals gave positive results. The P. carinii gene was detected in two foals at 4 weeks of
age, three foals at 6 weeks, and three foals at 8 weeks. Once the
foals had become positive they stayed positive through to the end
of the study at 12 weeks. The highest number of P. carinii gene
copies during the surveillance period varied among the foals: the
highest copy numbers ranged from 37 to 597 per PCR reaction.
These results illustrate that, at least in Japan, foals are commonly
exposed to P. carinii early in life, suggesting that P. carinii is an
opportunistic pathogen in horses in the same way as in humans.
Therefore, not only molecular diagnosis using clinical samples
(e.g. by real-time PCR) but also pathological approaches will be
needed to make a deﬁnitive diagnosis of P. carinii pneumonia in
horses.
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Previous studies investigating the potential involvement of viruses in airway inﬂammation were based either on serological
tests or on PCR from nasal swabs only. The objectives of this study
were to determine the incidence of well- and less-characterised
viruses in the equine airways, and their association with clinical
signs. In a 2-year prospective longitudinal study, nasal swabs (NS)
and tracheal washes (TW) were collected monthly on 52 Standardbred racehorses at training (581 samples). Equine a- and
g-herpesviruses, equine rhinitis virus-A and -B, equine adenovirus-A, and equine inﬂuenza virus were investigated by qPCR.
Any positive sample was subcategorised as non-quantiﬁable
(>LOD and <LOQ) or as quantiﬁable (>LOQ). Clinical signs (nasal
discharge, coughing), and tracheal mucus score were simultaneously recorded. In TW, respective monthly incidences were
27.9% (EHV-5), 24.8% (EHV-2), 7.1% (ERBV), 3.8% (EHV-4), 1.9%
(EAdV1) and 0.2% (EHV-1, ERAV). EIV has not been detected in any
sample. Molecular detection of EHV-2 and ERBV in TW were
signiﬁcantly associated with coughing (OR 3.1; 95% CI 1.4-7.1;
P¼0.01 and OR 5.3; 95% CI 2.1-14.0; P<0.001, respectively). Positive samples for EHV-2 in TW were signiﬁcantly associated with
tracheal mucus score 2 (OR 2.1; 95% CI 1.2-3.8; P¼0.02). When
based on quantiﬁable detection, ERBV only was signiﬁcantly
associated with coughing (OR 15.0; 95% CI 3.7-60.0; P<0.001).
Positive samples for any virus in NS were not associated with
clinical signs. Based on our data, detecting ERBV in TW is a major
risk-factor of coughing. This virus should be considered when
investigating horses with inﬂammatory airway disease.
Ethical Animal Research: Informed consent was provided by all
owners.
Competing Interests: Authors disclose no conﬂict of interest.
Sources of Funding: Financial support was provided by Zoetis,
FEDER (European funds), CRBN (Regional funds) and IFCE (French
national Studs).
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EHV-1 infections are a world-wide cause of respiratory disease,
late-term abortions and neurological disease. Inactivated and
modiﬁed-live virus (MLV) vaccines are available for protection.
However, availability depends on licensure and regulatory bodies
in each country. The likelihood of (re-) infection in the individual
animal depends on the infectious dose and on pre-existing immunity. Here, we investigated aspects of the innate and speciﬁc
mucosal immune responses, as well as the systemic humoral

immune response after intranasal application of an MLV vaccine
(Prevaccinol®; MSD Merck) to animals regularly vaccinated (q6
months) with an inactivated vaccine (Equip®EHV-1,4; Zoetis). Our
hypothesis was that an immune response occurs rapidly after
intranasal application of MLV. Because the potential adverse effects of intranasal application of an MLV licensed for intramuscular application are unknown, we conducted a pilot study in 4
adult animals (2 mules, 2 horses). Clinical data were collected
(rectal temperature (fever > 38.0 C), nasal discharge, lymphadenopathy), as well as data on viral nasal shedding, systemic and
mucosal antibody production, and (limited) mucosal cytokine
production. Time between most recent IM vaccination and start of
the pilot was 12 weeks. Animals were quarantined on the premises. Clinical exams were performed daily from the day before
(day -1) until day 7 post intranasal MLV application. Nasal swabs
were collected on days -1, 1, 3, 5 and 7. Blood samples were
collected and serum harvested on days -1, 7, 14 and 21. Nasal swab
samples were subjected to detection of virus shedding using RTqPCR, to measurement of total mucosal antibody concentrations
(IgG1, IgG4/7), and to detection of the cytokines IFN-a, IFN-g, IL-4,
IL-10 and IL-17. Virus-neutralising (VN) antibody titres in serum
were determined on days -1, 7, 14 and 21. Nasal discharge was
observed in all 4 animals within 24 hours and until day 4. Fever or
lymphadenopathy was not detected. Virus shedding was low and
occurred in 3/4 animals on day 1 and in 1/4 animals on day 3. IL10 and IL-17 were not detected in any sample. IL-4 was more
frequently detected in mules, also prior to MLV application (day
-1). IFN-a was only present in horse’ samples, both before (day -1)
and after intranasal vaccination. IFN-g showed a signiﬁcant increase post intranasal MLV application in all 4 animals. A 3-fold
increase in mucosal antibody concentration was observed in 3/4
animal, 24 hours after intranasal MLV application. Intranasal MLV
application did not have an effect on VN antibody titres. In
conclusion, most animals showed a robust increase in mucosal
antibody titres within 24 hours of intranasal MLV application,
while signiﬁcant side effects and nasal viral shedding were minor.
Conduction of a full study comparing mucosal immunity between
horses and mules is warranted.
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Infectious Upper Respiratory Tract Disease In A Young
Racehorse Population
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Infectious diseases afﬂicting the upper respiratory tract are a
major cause of morbidity in young racehorses. The objective of
this study was to identify pathogens associated with acute infectious diseases of the upper respiratory tract affecting a subpopulation of racehorses. To be included, the horses had to be 4
years of age or less. They must have experienced a fever greater
than 102F within 72 hours of the testing period. A rayon tipped
nasal swab was obtained from each nostril. 3 mL of whole blood
was also obtained. The nasal swabs and blood both underwent
qualitative viral DNA/RNA testing via real time PCR. Equine Herpes Virus 1 (EHV 1), Equine Herpes Virus 4 (EHV 4), Equine Herpes
Viruses 2 and 5 (EHV 2 & 5), Equine Viral Arteritis (EVA), Equine
Inﬂuenza Virus (EIV), Equine Rhinitis A (ERAV) and B (ERBV) viruses, Streptococcus equi subsp. Equi, and Adenovirus 1 were
tested for. Data were captured for 63 horses. Forty-ﬁve horses (45/
61; 74%) were positive for EHV 2 on nasal swab. Forty-four horses
(44/61; 72%) were positive for EHV 5 on nasal swab (Fig.1). Seven
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Figure 1. Percentage of horses positive via PCR testing of nasal swabs for
each disease category

horses (7/63; 11%) were positive for EHV 4 on nasal swab, and ﬁve
horses (5/63; 8%) were positive for EHV 1 on nasal swab. Four
horses (4/63; 6%) were positive for the EHV 1 neuropathic strain
only. Three horses (3/63; 5%) were positive for the EHV 1 nonneuropathic strain only. Two horses (2/63; 3%) were positive for
both the neuropathic and non-neuropathic strains of EHV 1. Three
horses (3/62; 5%) were positive on nasal swab only for Adenovirus. Three horses (3/63; 5%) were positive for Equine Rhinitis A
virus on nasal swab, and three horses (3/63; 5%) were positive for
Equine Rhinitis B virus on nasal swab only. Two horses (2/63; 3%)
were positive for EIV on nasal swab, and one horse (1/63; 2%) was
positive for S. Equi on blood only. In this study, Herpesviruses
were most commonly detected organisms. Of these, EHV 2 and
EHV 5 were the most prevalent. The results of the study
demonstrate that EHVs 2, 5, and 4, play a role in the development
of upper respiratory tract disease in this subpopulation of racehorses. Their exact role and how they interact with the other viruses detected is yet to be elucidated.
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Equine respiratory viral disease is considered one of the most
detrimental problems in the equine population. Common respiratory viruses such as equine inﬂuenza virus, equine herpes viruses and equine rhinitis viruses are associated with respiratory
outbreaks worldwide. Therefore, this serological survey investigated etiological agents associated with respiratory disease during outbreaks at a major racetrack in Ontario, Canada. Acute and
convalescent serum samples were collected in 2011 (n¼25), 2012
(n¼22), 2014 (n¼16) and 2015 (n¼33) from racing horses
showing clinical signs consistent with fever, nasal discharge and
loss of appetite, in the course of a respiratory outbreak. Sera were
paired when possible and tested for antibodies to equine inﬂuenza virus (EIV), equine herpesvirus 1 and 4 (EHV1 and EHV4),
equine rhinitis A virus (ERAV) and equine rhinitis B (ERBV).
Overall both EIV and ERAV were identiﬁed as the most prevalent
and the cause of the four respiratory outbreaks. Interestingly,
speciﬁc antibody titres raised to ERAV in the 2014 outbreak were
unprecedented. In conclusion, it is not uncommon to identify EIV
as a cause of respiratory outbreaks in North America but the high
prevalence of ERAV alone or in combination with EIV is not a
common feature of viral respiratory outbreaks worldwide. From
the present ﬁndings, it would be prudent in any respiratory
outbreak not only to consider EIV and EHV1/EHV4 but equally
ERAV.
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Investigation of the presence of Mycoplasma species as
the etiologic agents of inﬂammatory airway diseases in
thoroughbred racehorses in Istanbul province
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Mycoplasma equirhinis and Mycoplasma felis are thought to be
two of the etiologic agents of inﬂammatory airway disease (IAD)
which is the second most encountered disorder causing poor
performance after musculosketal injuries in thoroughbred race
horses (Cardwell et al., 2013; Chanter, 2002; Hodgson et al.,
2002; Mair, 1996; Newton et al., 2003; Smith, 2011; Wood, 1996;
Wood, 1997; Wood et al. 2005). The aims of this study was (i) to
investigate the presence of M. equirhinis, M. felis and also Mycoplasma spp. in thoroughbred racehorses in Istanbul province /
Turkey for the ﬁrst time. (ii) to evaluate the association between
IAD clinical symptoms and the presence of these agents statictically. In the present study tracheal wash samples were
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Figure 1. M. equirhinis colonies isolated from tracheal wash samples.Ă
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equirhinis was found 18 % and M. felis was found 1,8 % in tracheal
wash samples. According to the statictical evaluations, the
presence of Mycoplasma spp., M. equirhinis and M. felis in
tracheal wash samples could not be associated with any clinical
symptoms of IAD in thoroughbred English and Arabian
racehorses.
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Figure 2. Mycoplasma spp. PCR ﬁndings of the cultures. (M: Marker 1001000 bp, 500 ref. band, P: positive control, N: negative control, 1, 2, 8, 9, 10,
12, 13, 14: positive samples, 3, 4, 5, 6, 7, 11: negative samples).

Figure 3. M. felis PCR ﬁndings of the tracheal washes. (M: Marker 100-1000
bp, 500 ref. band, P: positive control, N: negative control, 4, 5: positive
samples, 1, 2, 3, 6, 7, 8, 9, 10, 11, 12: negative samples).

Figure 4. M. equirhinis PCR ﬁndings of the Mycoplasma spp. conﬁrmed
isolates. (M: Marker 100-1000 bp, 500 ref. band, P: Positive control, N:
Negative control, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11: Positive samples, 12: Negative
sample).

collected from 111 thoroughbred English (73,88 %) and Arabian
(26,12 %) horses which were showing the clinical signs such as
coughing, high body temperature (38,6 C <), submandibular
lympadenopathy, tracheal mucus accumulation (classifed as
none, few, intermediate, high), nasal discharge (Hodgson 2002,
Christley et al 2001). The clinical signs, age, gender and race
informations were recorded while collecting the samples. The
tracheal wash samples were examined with culture (Christley et
al. 2001) and molecular (PCR) methods (Kuppeveld et al 1992,
Chalker et al. 2004, Robinson’s unpublished study) as previously
described. Statistical analysis of the relationship of the clinical
symptoms and the presence of the mycoplasmas were done by
Chi square (X2) test (Akdamar et al. 1999). As a result of the
culture, Mycoplasma spp. were isolated from 18 (16,2%) of the 111
samples (Figure 1) and all of these isolates were identiﬁed as
Mycoplasma spp. (Figure 2) and M. equirhinis (Figure 4) by PCR
respectively. M. felis was not isolated from any of the tracheal
wash samples. In PCR analysis Mycoplasma spp. were found
positive in 66 (59,5 %) samples while M. equirhinis and M. felis
were found positive in 7 (6,3 %) and 2 (1,8 %) samples (Figure 3)
respectively. As a result of the whole (both PCR and culture)
laboratory analysis Mycoplasma spp. was found 59,5 % while M.
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Rhodococcus equi: Conversion of a
bacterium into an intracellular pathogen

saprophyte
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Rhodococcus equi is a primary pathogen of the lower respiratory
tract of foals and a saprophyte thriving in the intestine of horses
and manure-containing farm soils. This dual lifestyle makes this
bacterium both a signiﬁcant burden to the thoroughbred industry
and an interesting model to study niche adaptation. Infection of
alveolar macrophages often leads to pyogranulomatous cavitating
pneumonia. Rhodococcus equi withstands phagocytosis by
diverting the phagolysosomal pathway into vacuoles permissive
for bacterial proliferation. Disruption of the phagolysosome
biogenesis depends on the presence of a pathogenicity island
(PAI) located within a conjugative plasmid. The PAI encodes a
family of six virulence associated proteins (Vap), which are
unique to Rhodococcus equi. Among them, VapA is the only cell
surface-located member of the family and, until recently, the only
PAI gene with a clearly identiﬁed role in virulence: arrest of
phagosome maturation [1]. Our recent work has shown two other
virulence-associated functions of the PAI: modulation of the
intracellular growth by IcgA [2] and co-option of the chromosomal gene expression by the PAI transcriptional regulators VirR
and VirS [3]. IcgA is a member of the major facilitator superfamily
transport proteins and its deletion resulted in a hypervirulent
phenotype. VirR and VirS regulate the expression of vapA and
other PAI genes in response to environmental cues associated
with the host environment. In addition, transcriptomic analysis
revealed that their regulatory effect spans over 20% of Rhodococcus equi transcriptome, resulting in signiﬁcant changes of
transport processes, energy production and cellular metabolism.
In summary, the three known functions of the PAI are: i) VapA
creates an intracellular niche for Rhodococcus equi, ii) IcgA helps
maintaining the niche created by VapA and iii) the concerted
regulatory effect of VirR and VirS on the chromosomal gene
expression adjusts the bacterial physiology to suit the
requirements in the host environment. Interestingly, genomic
evidence strongly indicates that the PAI was acquired by the
avirulent ancestor of Rhodococcus equi in an event of lateral gene
transfer from a yet unknown donor [4] and most chromosomal
virulence-associated genes are conserved in non-pathogenic
Actinobacteria [5]. An example of the above is the recruitment of
the highly conserved biosynthetic genes for the siderophore
Rhequichelin for iron acquisition in the host environment [6].
0737-0806/$ e see front matter.

Taken together, these data indicate that the emergence of
virulence in a non-pathogenic ancestral bacterium was a gradual
process that was initiated by the acquisition of key adaptation
genes within the PAI, followed by alteration of chromosomal gene
expression patterns resulting in an adjustment of bacterial
physiology to suit the environment of the infected host.

References
[1]
[2]
[3]
[4]
[5]
[6]

GB Coulson et al., (2015) Infect. Immun. 83, 3137.
X Wang et al., (2014) Infect. Immun. 82, 1793.
M Letek et al., (2010) PLoS Genet. 6, e1001145.
K von Bargen et al., (2009) Infect. Immun. 77, 5676.
M Letek et al., (2008) J. Bacteriol. 190,5797.
R Miranda-Casoluengo et al., (2012) Infect. Immun.
80,4106.

064
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The incidence of macrolide and rifampin resistance in R. equi
isolated from foals has increased considerably in recent years. The
objective of this study was to identify the molecular mechanism
of emerging macrolide resistance in R. equi and to determine its
transferability. Macrolide-resistant (n¼62) and macrolide susceptible (n¼62) clinical isolates of R. equi from foals in the USA
were studied. Whole genome sequencing of a sample of 18
macrolide-resistant and 6 macrolide-susceptible R. equi was
performed. PCR was used to screen for the presence of the
resistance determinant in the other isolates. Mating experiments
were performed to document transfer of the determinant. A novel
erm gene, erm(46) was identiﬁed only in resistant isolates. There
was perfect association between macrolide resistance and
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presence of erm(46) as detected by PCR in 124 isolates of R. equi.
Expression of erm(46) in a macrolide-susceptible strain of R. equi
induced high level resistance to macrolides, lincosamides, and
streptogramins B, but not to other classes of antimicrobial agents.
Transfer of erm(46) from resistant to susceptible strains of R. equi
was conﬁrmed and occurred at a transfer frequency of up to 2 
10-3. This is the ﬁrst molecular characterization of macrolide,
lincosamides and streptogramins B resistance in R. equi. Resistance is caused by a novel erm gene, erm(46), which is transferrable likely by conjugation.
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Chloroquine inhibits Rhodococcus equi multiplication in
murine (J774A.1) and foal alveolar macrophages
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Rhodococcus equi is a facultative intracellular pathogen that
primarily infects macrophages causing pyogranulomatous
pneumonia and many other extrapulmonary disorders in
young foals. The ability of R. equi to multiply in alveolar macrophages (AMs) coupled with increasing prevalence of antimicrobial resistance are the major obstacles for disease control.
There is a consensus that iron is a micronutrient essential for
all microorganisms; however, its availability also inﬂuences
intracellular replication and expression of virulence genes of R.
equi. Control of iron availability by host cells is a component of
nutritional immunity in vertebrates. Similarly, the drug chloroquine (CQ), an aminoquinoline, has been used against
intracellular pathogens to limit iron availability inside phagocytic cells. Our hypothesis was that CQ would suppress the
growth of R. equi inside macrophages. We evaluated the R. equi
killing capacity of murine (J774A.1) and foal AMs exposed to
CQ (incubated 24 h prior to infection) with or without saturated transferrin (HTF). CQ prevents the accumulation of iron
in cells, whereas HTF is a source of iron to R. equi, enhancing
the bacterium ability to survive and replicate intracellularly.
Thus, we investigated whether HTF would revert the inhibition
by CQ of intracellular survival of R. equi. We observed a signiﬁcant (P < 0.05) inhibition of R. equi proliferation in both
murine J774A.1 and foal AMs exposed to 10 and 20 mM CQ for
24, 48, and 72 hours post-infection. HTF (6 mg/ml) did not
reverse CQ inhibition of R. equi intracellular survival, suggesting that CQ impairs the iron uptake by R. equi cells via HTF, as
observed in other intracellular pathogens, such as Legionella
pneumophila and Paracoccidioides brasiliensis. We conclude that
CQ suppresses R. equi growth in both murine J77A.1 and foal
AMs. Further research is warranted to conﬁrm its purported
mechanism of iron-deprivation, as well as its therapeutic potential against R. equi infection of foals in vivo.
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Oxidative stress and Rhodococcus equi pneumonia
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Oxidative stress (OS) is deﬁned as an imbalance between oxidants and antioxidants. OS has been shown to play roles in
various equine respiratory diseases, speciﬁcally in association
with various inﬂammatory airway conditions. The role of OS
with respect to infectious respiratory diseases of horses has
been relatively poorly explored. The signiﬁcant of OS in the
pathogenesis Rhodococcus equi pneumonia in foals is unknown.
The object of these studies was to measure and relate respiratory and systemic biomarkers of OS to the pathology of R. equi
pneumonia and to the risk of developing this disease. An initial
case-control study compared various OS biomarkers from blood
and exhaled breath condensate (EBC) samples collected from 26
foals (n¼12, cases and n¼14, controls) residing on farms
endemically affected with the disease. Foals were deﬁned as
cases (positive) or controls (negative) based on ultrasonographic evidence of pulmonary abscessation (>15 mm in
diameter). Haematology testing was also performed on bloods
collected. Comparison of biomarkers between the groups was
performed using two-sample t-tests. The following season a
prospective case-control study was performed on 74 foals
(n¼27, cases and n¼47 controls) in which systemic OS was
evaluated from blood samples collected within 24 hours of
birth and related to future diagnosis of R. equi pneumonia as
deﬁned in the previous study. The initial case-control study
showed reactive oxygen metabolites in blood (d-ROMs) to be
signiﬁcantly greater in case foals (P¼0.027) whilst the oxidative
stress index (OSI) was also highest in case foals (P¼0.014).
Hydrogen peroxide (H2O2) concentrations in EBC was also
signiﬁcantly greater in cases (P¼0.002). In the prospective
caseecontrol study, foals that developed disease had a signiﬁcantly lower biological antioxidant potential in blood (P¼0.049)
within 24 hours of birth compared to those which didn’t
develop disease. These ﬁndings suggest that OS plays a role in
the pathogenesis of R. equi pneumonia and antioxidant capacity
may contribute to the innate risk of disease development in the
neonatal foal. These ﬁndings open up the potential use of OS
biomarker assays in the diagnosis of R. equi pneumonia and
potentially the identiﬁcation of ‘at risk’ foals at birth. These
results also open up the potential application of antioxidant
therapeutics to aid in the clinical management of foals with R.
equi pneumonia and as a non-antimicrobial prophylactic in
reducing risk of the neonatal foal developing disease.
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Rhodococcus equi is the most common cause of pneumonia in
young foals. As a vaccine is not available, farms with an endemic
problem rely in the use of R. equi speciﬁc hyperimmune plasma
(HIP), although the efﬁcacy of this practice remains uncertain. The
objective of this study was to evaluate the ability of a commercially available HIP to prevent clinical rhodococcal pneumonia in
neonatal foals after experimental challenge. Nine foals were given
intravenous HIP after birth while 9 remained as controls. Within
the ﬁrst week of life, all foals received 103cfu/foal of pathogenic R.
equi intratracheally as previously described (Sanz et al 2013).
Thereafter, foals were monitored for 8 weeks and samples were
collected during that period as described before (Sanz et al 2013).
VapA-speciﬁc IgG and IgG subclasses in serum and in bronchoalveolar lavage ﬂuid (BALF) were evaluated using ELISA (Sanz
et al 2014). One foal in the HIP group and 4 in the control group
developed clinical pneumonia; however, the power of the study
was too low to detect a statistical signiﬁcant effect of treatment.
HIP foals had signiﬁcantly lower weekly ultrasonographic scores
(p<0.05, Figure 1), lower white blood cell counts (p¼0.03),
platelet counts (p¼0.01) and ﬁbrinogen concentration (p¼0.01)
than controls. Serum VapA-speciﬁc IgG, IgGa and IgGb were
signiﬁcantly higher in HIP foals and IgGa and IgG(T) signiﬁcantly
increased (p<0.001) over time only in control foals. VapA-speciﬁc
IgG (p¼0.02) and IgGb (p¼0.04) were signiﬁcantly higher in BALF
of HIP foals. In this study, HIP administration decreased severity of
pneumonia, which reduced the need for antimicrobial treatment.
Antibodies present in HIP transferred to BALF of foals shortly after

Figure 1. Thoracic ultrasound score (diameter, cm) of neonatal foals
experimentally challenged with R. equi after administration of HIP (black) or
nothing (gray). The horizontal line within the box represents the median
and the ends of the box the 75th and 25th quantiles respectively. The asterisk
(*) indicates that values signiﬁcantly differ (p<0.05) from the pre-challenge
(w1) value for each group. The hash (#) indicates that values signiﬁcantly
(p<0.05) differ between groups at a given time point.
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HIP administration. VapA-speciﬁc IgG(T), which increases with R.
equi infection, was only elevated in control foals. In conclusion,
while infection after challenge was not prevented by R. equispeciﬁc hyperimmune plasma (HIP) administration, severity of
clinical pneumonia decreased.
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Variation of anti-Rhodococcus equi VapA speciﬁc IgGs
among eleven different lots of one commercially
available Rhodococcus equi speciﬁc hyperimmune
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Rhodococcus equi, a gram-positive facultative intracellular
pathogen, is the most common cause of pneumonia in foals
between 3 weeks and 5 months of age. To date, there is no
vaccine available, and mass treatment of foals with antibiotics
may incur in serious long-term effects and is strongly discouraged. Therefore, on farms with enzootic rhodococcal pneumonia, prophylaxis measures rely greatly on the administration
of R. equi speciﬁc hyperimmune plasma (HIP). The efﬁcacy of R.
equi HIP in controlling disease due to either natural or induced
infection has been historically controversial. Variability in
plasma products may have played an important role. Recently,
four commercial R equi HIP products were evaluated for their
concentrations of Vap-A speciﬁc immunoglobulin G (IgG) and
IgG subclasses. Marked variation was observed between
different products, and different lots from the same product,
which may have important clinical and ﬁnancial consequences.
In order to further investigate the amount of variation in a
commercially available plasma product, and its relation with
speciﬁc R. equi IgG in the recipient foals, a foal population from a
local farm that routinely receives R. equi speciﬁc HIP due to
enzootic R. equi pneumonia, was selected. Exclusion criteria for
the foals were documented failure of passive transfer, and clinical disease other than pneumonia. All newborn foals received 1
liter of intravenous R. equi HIP1 within 24 hours after being born.
HIP samples (n ¼ )were collected at administration time. Serum
samples were collected from all healthy foals (n ¼ ) and their
respective dams (n ¼ ) within 24 and 48 hours after HIP
administration. All samples were archived in -20C for batch
analysis with previously validated ELISA for equine anti-VapA
total IgG and IgG(a), IgG(b), and IgG(t). Eleven different HIP lots
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were sampled. There was a marked intra and inter-lot variation
of all anti-VapA speciﬁc IgG concentrations (Table 1). When antiVapA speciﬁc IgG concentrations were compared between the
dam’s serum, R. equi HIP, and foal’s serum, either weak positive
or negative linear correlations were observed (-0.15 < r < 0.20),
with the exception of IgG(t), which showed a moderate positive
linear correlation between R. equi speciﬁc HIP, and foal’s serum
(r ¼ 0.71). Our results revealed an even greater variation in antiVapA speciﬁc IgG concentrations within and among the different
lots of the selected R. equi HIP product, than previously reported.
This ﬁnding may corroborate in explaining historical disparities
regarding R. equi speciﬁc HIP efﬁcacy in preventing R. equi
pneumonia in foals. The lack of a positive correlation between
the anti-VapA speciﬁc IgG concentrations between the dams,
HIP and the recipient foals is not fully understood. However,
possible explanations include suboptimal time sampling of the
dams, low anti-VapA speciﬁc IgG concentrations in adult horses,
and unknown antibody kinetics of the anti-VapA speciﬁc IgGs in
the recipient foal. Recently, it has been reported that after
intravenous administration of R. equi HIP, the concentrations of
anti-VapA speciﬁc IgGs in the bronchoalveolar ﬂuid increases,
suggesting compartmentalization of these antibodies outside
the systemic circulation. The moderate positive correlation
observed between the concentrations of IgG(t) between the R.
equi HIP and the recipient foals was likely due to its high concentration in the HIP product. Serial measurements of the foal’s
serum concentrations of anti-VapA speciﬁc IgGs is warranted in
order to evaluate their relationship with clinical disease, and
therefore the efﬁcacy of this commercially available R. equi HIP
in preventing naturally acquired pneumonia in foals.
Table 1
Intra- and inter-lot coefﬁcient of variation (CV) of anti-VapA speciﬁc IgG
concentrations in different lots of R. equi HIP1.
CV(%)
Lot #

IgG total

IgGa

IgGb

IgGt

1
2
3
4
5*
6
7
8
9
10*
11*
All lots

49.39
45.02
58.52
57.81
39.18
60.43
70.83
51.96
60.88

51.74
57.73
63.38
65.87
55.54
61.40
91.88
56.79
62.70

54.50
32.89
55.71
59.07
46.33
59.22
79.37
71.16
87.63

32.79
28.15
39.15
58.03
47.53
58.09
31.83
52.33
90.97

* Only one HIP bag was sampled.

Victoria, Australia; 2 Faculty of Veterinary Science, University of
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Bronchopneumonia caused by Rhodococcus equi is an important
and often debilitating disease of young horses throughout the
world. Advances in diagnostic methods for the early detection
of lung lesions, such as ultrasonographic imaging, have been
associated with an increase in the use of antimicrobial agents
for the treatment of this disease. Concurrent with this increased
usage, reports of antimicrobial resistance in R. equi have
become more common in recent years. The aim of this study
was to determine the level of resistance to three commonly
prescribed antimicrobial agents in 97 virulent Rhodococcus equi
isolates collected from infected foals between 1991 and 2014.
The second objective was to determine the utility of a novel
assay for determining the minimum inhibitory concentration
(MIC) of R. equi isolates with a single agent, or when rifampicin
and erythromycin were combined. Three cohorts of virulent
Rhodococcus equi isolates were included in the study. Cohort 1
contained 29 isolates collected from clinical cases between
1991 and 1998 and Cohort 2 consisted of 12 recent isolates
collected between 2011 and 2014. Fifty six isolates from clinically affected foals undergoing antimicrobial therapy in 2006 2007 on an endemically infected farm formed Cohort 3. The
MICs for rifampicin, erythromycin and neomycin were determined for all of the isolates using a novel microtitre assay.
Rifampicin resistance was detected in 3 of the 12 isolates in
Cohort 2. The MIC was 64 mg/mL for two of the isolates and 16
mg/mL for the third, well above the threshold of 8 mg/mL that
deﬁnes resistance to this agent. All isolates collected prior to
2013 had MICs less than 0.125 mg/mL (limit of detection). None
of the isolates were resistant to either neomycin or erythromycin, with MIC values ranging from 0.25 - 2 mg/mL for
neomycin and 0.125 - 1 mg/mL for erythromycin. When rifampicin and erythromycin were tested in combination, the MIC
value for the isolates resistant to rifampicin were lower,
compared to exposure to rifampicin alone. This is the ﬁrst
report of rifampicin resistance in virulent R. equi isolated from
Australian foals. Sanger sequencing of a portion of the RNA
polymerase b subunit was conducted to further characterise the
resistant isolates from Cohort 2 [1], [2]. The current therapeutic
success of the macrolide - rifampicin combination regimen is
thought to rely on the synergistic action of these two agents in
vivo. It is not clear from these results whether the rifampicin
resistance we have detected has any signiﬁcant impact on
synergy in vivo.
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Rhodococcus equi is one of the most important bacterial pathogens in foals up to six months of age worldwide. Prevalence
of rhodococcosis in foals in Poland is similar to other countries
and is endemic on some farms, and sporadic or even not
recognized on others. There is no information about plasmid
proﬁles of R. equi isolates in Poland. The virulent R. equi strains
carry virulence-associated plasmids (pVapA) the vapA gene
encoding virulence-associated 15e17-kDa protein (VapA).
Analysis of the restriction enzyme digestion patterns revealed
12 distinct pVAPA types (85-kb types IeIV, 87-kb types I-III
and 90-kb types IeV). Material for this study was collected on
13 horse breeding farms between 2001 and 2012. The R. equi
strains were isolated from tracheobronchial aspiration samples from foals with clinical rhodococcosis or from lung samples collected during necropsy. The presence of R. equi genes,
choE, traA and vapA was determined by PCR. Plasmid DNA was
isolated from the vapA-positive R. equi isolates using an alkaline lysis method, with some modiﬁcation, and digested with
restriction endonucleases EcoRI, EcoT221, HindIII and BamHI.
Totally, 57 virulent strains were investigated. The 85-kb type I
plasmid was found in 48 strains (82,8 %) and 87-kb type I
plasmid in 8 strains (13,8%). One strain (1.7%) had a EcoRI
unique restriction cleavage pattern. This plasmid new variant
is similar to the 85 kb type I and was named “85-kb type V”
(Fig. 1). The 85-kb type I plasmid was found in 96.4% of foal
isolates in Germany, 95.3% in Hungary, 59.5% in France, 53.1%
in USA and 14.6% in Brazil. Moreover, in soil and environment
of the farms in Hungary (71.4% of soil isolates) and USA (64.5%
of isolates). The 87-kb type I plasmid is most widespread in
Brazil (80% of isolates). In Europe it was found in 3.6% of isolates from foals in Germany, 4.7% from foals and 13.3% from
soil in Hungary, in 26% of isolates from foals in France and in
40.6% of isolates from foals and 26.4% from soil in Texas. This is
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the ﬁrst report of the R. equi VapA plasmid proﬁles from
Poland.
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Rhodococcus equi infection in China
F. Gong*, A. Luo, Y. Zhang, L. Sun
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Rhodococcus equi (R. equi) is a Gram positive facultative intracellular pathogen. Its infection causes subacute or chronic
abscessating bronchopneumonia in foals up to 6 months. To
date, while China remains the largest equine population around
word, epidemiology of R. equi and its infection in horses remains unknown. Thus, prevalence of R. equi in soil and its
infection in horses in Southern and Northern China were
investigated and compared. A total of 132 soil samples were
collected in horse farms. The virulent R. equi were detected by a
modiﬁed colony immunoblot assay, as well as classic bacteria
isolation and VapA PCR. In addition, a total of 136 sera samples
were collected from horses in corresponding farms. Seroprevalence against virulent R. equi was evaluated by ELISA. The R.
equi was detected in all farms from both northern and southern
regions, although no virulent R. equi was isolated and detected.
However, sera-positive to VapA was detected in both regions.
The positive ratio was over 50% in horses from Northern China,
signiﬁcantly higher than that of Southern China. The positive
ratio varied between farms, seasons that samples were
collected. No virulent R. equi in China maybe due to low
pathogenesis of the bacteria to local horses. This was under
investigation.
This work was supported by a grant from the AQSIQ Project of
China (NO. 2012IK006), as well as Natural Science Foundation of
China (No. 31402259) and Natural Science Funds of Guangdong
Province (No. S2013040015745).
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The global population diversity of Streptococcus equi
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The genomes of 499 strains of S. equi, which were isolated between 1955 and 2015 from horses across the world, were
sequenced to study the phylogenetic relationships of strains of
different geographical and temporal origins. Phylogenetic trees
were reconstructed based on single nucleotide polymorphisms in
the core genome and the genetic diversity of isolates was examined relative to the country of origin. The molecular epidemiology
of outbreaks, where information was available, was investigated
in greater depth to enable the identiﬁcation of outbreak sources.
Sequencing strains from an outbreak at a rehoming centre in
Norfolk, UK, in early 2015 identiﬁed that a breakdown in biosecurity measures in the isolation yard was responsible for recent
cases of disease. This information enabled rapid remedial actions
to be implemented, which minimised further cases and facilitated
the resolution of the outbreak. The sequences of isolates recovered from an outbreak of strangles at a rehoming centre in Lincolnshire, UK, during 2007/8 provided evidence that this
outbreak was triggered by persistently infected carrier animals,
most likely from a previous spate of disease on this site. Following
the outbreak, the identiﬁcation and treatment of persistently
infected horses enabled the eradication of S. equi from these
premises. The transmission of four strains of S. equi linked to the
import of horses from Europe led to multiple outbreaks of
strangles in Dubai. Our data highlight potential beneﬁts of preexport screening for the effective identiﬁcation and treatment of
carrier animals. Certain groups of S. equi were restricted to
particular outbreaks or countries, for example isolates in Australia
and New Zealand were related. However, the populations of S.
equi recovered from several European countries (Ireland, Sweden,
Belgium, France, the Netherlands, Spain, Italy and the UK) and
Dubai were virtually indistinguishable. Our data highlight that
the international movement of horses facilitates cross-border
transmission of S. equi. International transmission is most likely to
occur through a failure of pre-import health checks and quarantine procedures to identify outwardly healthy persistently infected animals. Pre-movement screening can identify persistently
infected horses and prevent outbreaks of strangles. However,
0737-0806/$ e see front matter.

these diagnostic tools do not form part of pre-export testing
procedures as strangles is not currently recognised as an OIEListed disease that is important for international trade. Strangles
is endemic throughout the world and causes signiﬁcant disruption to the equine industry. However, the international transmission of S. equi is preventable. We recommend that strangles
should be listed by the OIE and that diagnostic testing for this
agent becomes a routine part of pre-export health checks.
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Reduced clinical severity of strangles in weanlings
associated with restricted seroconversion to optimized
S equi assays.
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In autumn 2014, clinical strangles occurred in a group of 112
warmblood weanlings. All were sampled by nasal swabs at the
peak of the outbreak and four months later 98 of the 112 sampled
by nasal swab, nasopharyngeal lavage and guttural pouch lavage
for culture and qPCR (1) to Streptococcus equi ssp. equi (hereafter S.
equi). Clinical signs were recorded serially over the entire
outbreak to identify occurrence of clinical strangles. Those with
ruptured abscess/es on the head region, and/or, an elevated
clinical score based on presence of fever (>38.2 C), presence of
mucopurulent nasal discharge and moderate to severe lymph
node swellings of the head were classiﬁed as disease positive.
Serial blood samples also obtained before, during and following
the clinical outbreak were analysed for reactivity against antigens
A and C of a S equi speciﬁc ELISA (2).
At the outbreak’s peak, 14/112 animals were culture positive for S.
equi and 53/112 positive on qPCR. All culture positives were qPCR
positive. Fever was present in 11/53 qPCR positive foals, purulent
nasal discharge in 5/53 and swollen submandibular lymph nodes
in 6/53 foals (data not shown). Only 26/53 of qPCR positive foals
showed any clinical signs suggestive for acute strangles. While 91/
112 eventually seroconverted fully to antigen A, 39/91did so
without developing any clinical signs suggestive of strangles. On
the other hand, while only 7/112 developed antibodies against
antigen C; most (5/7) displayed clinical signs of strangles.
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Table 1
Serology, bacterial culture and qPCR to S. equi in relation to clinically
diagnosed strangles in 112 weanlings.
S. equi results**

Total
Seroconversion antigens A & C
Seroconversion antigen A
Seronegative Antigen A
Seroconversion antigen C
Seronegative Antigen C
Culture positive
Culture negative
qPCR positive
qPCR negative
**
***

Clinical disease***
Negative

Positive

53
2
39
14
2
51
6
49
27
28

59
5
52
7
5
54
10
47
35
22

Total

112
7
91
21
7
105
16
96
62
50

S. equi results at any sampling occasion or site.
clinical strangles diagnosed at any time.

Curiously, of the 16 culture positive occasions, 12 of these horses
remained seronegative to antigen C. In summary, despite all
weanlings being exposed to and/or infected by S. equi in this
outbreak, minimal to only mild disease ensued, possibly related to
by their failure of a robust immunologic response to portions of
the SeM protein (antigen C). Sequencing studies of the S. equi
strains involved are ongoing to determine whether genetic
deletion events (3) could help explain the reduced clinical severity.
Funding: FORMAS, Sweden; http://www.formas.se/
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strain type had emerged. We identiﬁed four clades of bacteria
from Icelandic horses. However, only clade 1 strains (ST-209)
were isolated from horses on the majority of affected farms. Clade
1 isolates were very closely related to one another, indicating that
the strain had spread quickly throughout Iceland. Further sampling of 36 healthy horses in 2013 recovered 20 isolates of the
ST-209 strain from 4 animals on different farms. Analysis of
genome sequencing data enabled calculation of the mean substitution rate per core genome site per year as 2 x 10-6. Based on
this substitution rate, the ST-209 strain is predicted to have
entered Iceland during December 2008, over one year before the
start of the epidemic. Our data demonstrate that the arrival of the
ST-209 strain at the training yard in the South of Iceland played a
signiﬁcant role in the transmission of this agent and the initiation
of the epidemic. This training yard accepted horses from across
Iceland for a training regime that utilised a submerged treadmill
and we propose that this provided an ideal environment for the
transmission of the ST-209 strain. The identiﬁcation of key
transmission points and the implementation of improved biosecurity and hygiene measures are essential to mitigate the risk of
future epidemics of disease.
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Inﬂuence of serum antibody on occurrence of
Streptococcus zooepidemicus in the nasopharynx of
weanling foals
Sridhar Velineni*, John F. Timoney
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The Icelandic horse population is free from equine inﬂuenza,
equine rhinopneumonitis, equine herpesvirus 1, equine viral
arteritis and Streptococcus equi by virtue of an absence of horse
import for over 1,000 years. However, between April and July of
2010, an epidemic of respiratory disease, characterised by a
persistent dry cough, swept across Iceland infecting almost the
entire population, of an estimated 77,000 horses. Network analysis identiﬁed a single training yard in the South of Iceland as
being linked to the majority of cases during the epidemic and
suggested an incursion of the infectious agent between the 5th
and 10th February 2010. Analysis of samples recovered from animals with respiratory signs and the tissues of occasional fatal
cases identiﬁed Streptococcus zooepidemicus as the only agent
consistent with the observed clinical signs of disease. S. zooepidemicus is typically regarded as an opportunistic pathogen of
horses and so the genetic relationships of 304 isolates of S.
zooepidemicus were studied to determine if a novel pathogenic

Streptococcus zooepidemicus (Sz) is a tonsillar and mucosal
commensal of horses that opportunistically invades the respiratory tract. Annual outbreaks of purulent rhinitis and tracheobronchitis associated with Sz in weanling foals raised in isolation
on the University of Kentucky farm prompted investigation of the
inﬂuence of serum antibody on the occurrence of Sz in the respiratory tract. Ten 4 e 5 month old foals were inoculated subcutaneously with a combination of 3 mouse-protective Sz
proteins SzP, ScpC and HylC and QuilA 6 and 4 weeks before
weaning. Ten foals were inoculated with sterile PBS and QuilA as
controls. Populations of Sz in washes were monitored by SzP
proﬁling and multi-locus sequence typing. Immunized foals made
robust antibody response to SzP and ScpC (1:6400 e 1:102400),

Figure 1. Counts of S. zooepidemicus (per ml) in nasal washes of control and
immunized foals with and without mucopurulent nasal discharges.
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and moderate HylC antibody responses (1:800 e 1:12800).
Numbers of Sz in nasal washes of control foals following weaning
were initially signiﬁcantly higher (p  0.01) than in washes from
immunized foals. Numbers in subsequent washes in the 2 groups
were not signiﬁcantly different, increasing up to 14 weeks and
then decreasing. Elevated counts of Sz were associated with inﬂammatory mucopurulent discharges and increase in SzP speciﬁc
IgG in washes indicating transudation through inﬂamed mucosa.
Counts of Sz declined sharply following appearance of speciﬁc IgG
on the mucosal surface. We conclude that although serum antibody to SzP, ScpC and HylC has no preventive effect on counts of
Sz in the nasopharynx, it contributes to bacterial clearance from
the nasopharyngeal mucosa experiencing an inﬂammatory
response to overgrowth of the organisms.
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Streptococcus zooepidemicus genomic variance in New
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Although S. equi subsp. zooepidemicus (S. zooepidemicus) is
considered an opportunistic, secondary pathogen, some
strains of this micro-organism appear to be the primary
pathogen of uterine infection or respiratory disease outbreaks
in horses. In this study we genotyped strains of S. zooepidemicus isolated from feral Kaimanawa horses in New Zealand,
and compared their genomes with the genomes of isolates
obtained from respiratory and uterine sources, together with
genomes of previously sequenced strains available in the NCBI
database. Preliminary data from these three sources indicate
variances in virulence-gene repertoire and horizontally acquired pathogenicity islands. Streptococcus zooepidemicus is
considered a naturally competent bacterium and we postulate
that the horizontal gene transfer of pathogenicity islands
containing virulence factors may account for the differences in
pathogenicity observed between isolates of S. zooepidemicus.
This work together with data on the transmission of pathogenicity islands between isolates of S. zooepidemicus will be
presented.
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Interaction of Streptococcus equi with equine tonsillar
complex
John F. Timoney*, Pawan Kumar
Gluck Equine Research Center, University of Kentucky, Lexington,
KY 40546
Equine strangles caused by Streptococcus equi (Se) is an acute
tonsillitis/pharyngitis with frequent metastasis to mandibular
and retropharyngeal lymph nodes. Although a genomic DNA
sequence of Se has been available since 2001, interaction of the
organism with its preferred tonsillar sites of attachment is still
poorly understood. The aims of this study were 1) to examine
binding of Se to equine tonsillar explants ﬂoated on a suspension of logarithmic growth phase organisms, and 2) determine
sites of biotinylated surface anchored and secreted recombinant
proteins of Se to frozen sections of tonsil. Recombinant proteins
(Table 1) labelled with biotin were incubated with sections of
lingual and nasopharyngeal tonsil of healthy yearling ponies.
Binding was visualized by epiﬂuorescence microscopy
following incubation with ﬂuorescein labelled streptavidin.

Table 1
Recombinant proteins of Streptococcus equi CF32
Protein

kDa

Anchored

Secreted

Function

Mucosal
antibody

Antiphagocytic
(ﬁbrinogen
binding)
Adhesion
Antiphagocytic
(factor
H binding)
Ig protease
(platelet
activation)
Adhesion
(pilus
backbone)
Adhesion
(ancillary pilus)
Unknown
Unknown

Yes ++

SeM

58.8

Yes

No

SzPSe
Se18.9

37.9
18.9

Yes
No

No
Yes

IdeE2

44.2

Yes

?

Se51.9

51.9

Yes

No

CNE

73.5

Yes

No

75.3
110.0

Yes
Yes

No
No

Se75.3
Se110.0

Yes ++
Yes ++

Yes +

Yes ±

No
Yes +
Yes +

Scanning electron microscopy revealed attachment of Se to
microplicae stratiﬁed squamous epithelial cells of lingual and
palatine tonsils and to cilia of the retropharyngeal tonsil. Se
tended to be located in depressions formed at sites of attachment to squamous epithelial cells. Each protein exhibited a
different binding tropism; the most intense ﬂuorescence was
associated with Se18.9 and SzPSe. Se18.9 bound strongly to the
surface of nasopharyngeal tonsil, SzPSe to cryptal epithelium of
the lingual tonsil. Fluorescence associated with binding of IdeE2
showed a patchy distribution on the surface of both lingual and
nasopharyngeal tonsils. As expected, CNE (collagen binding
protein, ancillary pilus) was associated primarily with tonsillar
intracellular matrix especially the periglandular zones. Se51.9
(pilus backbone) bound to cilia of the nasopharyngeal tonsil
and in a patchy layered distribution to lingual tonsil. Fluorescence associated with binding of SeM was generally weak and
located in the lamina propria, blood vessels and surface of the
lingual tonsil. Se75.3, a surface diagnostic protein unique to Se
and Se110.0 of unknown function did not bind to sections of
lingual or nasopharyngeal tonsil although associated with
convalescent mucosal response. In summary, SzPSe and Se18.9
may have roles in the initial interaction of Se with the equine
tonsillar complex. Other studies indicating strong mucosal
antibody responses to these proteins in convalescent horses
support this conclusion.
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Genome decay of S. equi and its practical implications:
the requirement for multiple diagnostic targets
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Strangles, the most frequently diagnosed infectious disease of
horses worldwide, is caused by Streptococcus equi. The lifestyle of
S. equi within the horse is deﬁned by short-term acute disease,
strangles, followed by long-term persistent infection within the
guttural pouch, which optimises its ability to transmit to naïve
animals. Analysis of the genome sequences of 225 isolates of S.

10th IEIDC Abstracts / Journal of Equine Veterinary Science 39 (2016) S88eS97

equi revealed evidence of adaptation of persistently infecting
strains to their environment within carrier animals. Mutations
that led to metabolic streamlining and the loss of virulence determinants were more frequently found in persistent isolates,
suggesting that the pathogenic potential of S. equi reduces as a
consequence of long term residency within the horse post-acute
disease. An example of this is the deletion of the equibactin
siderophore locus that is associated with iron acquisition, which
occurs exclusively in persistent isolates, and renders S. equi
signiﬁcantly less able to cause acute disease in the natural host.
Our data provide a unique insight into the mechanisms
employed by S. equi to evade host immune responses and persist
within recovered animals. We identify several loci that may
similarly be required for the full virulence of S. equi, directing
future research towards the development of new vaccines
against this host-restricted pathogen. Further, we recommend
that qPCR and ELISA assays for the detection of S. equi utilise
more than one target in order to minimise the chance of false
negative test results.

088
SzeQ, a novel Streptococcus zooepidemicus superantigen
that stimulates both T-lymphocytes and Antigen
Presenting Cells
N. Rash 1, S. Robillard 2, L. Joudou 1, M.R. Lopez-Alvarez 1, E.
Evans 1, C. Robinson 1, A. Waller 1, R. Paillot*1, 2
1
Animal Health Trust, Kentford, Newmarket, United Kingdom;
2
Normandie Universit
e, U2RM/Hippolia Foundation, France
Superantigens (sAg) are potent toxins that bypass the conventional MHC-restricted antigen presentation, causing unspeciﬁc Tlymphocyte activation that may interfere with the development
of a protective immune response. In recent years, increasing
evidence suggests sAgs are key factors that likely contribute to
the ability of Streptococcus equi (S. equi) and Streptoccocus zooepidemicus (S. zooepidemicus) to cause disease. The immunological
activities of S. equi sAgs have been well characterised in vitro and
are consistent with classical unspeciﬁc T-lymphocyte activation
and cytokine synthesis. The presence of S. zooepidemicus sAg
genes has been associated with non-strangle lymph node
abscessation and dissociated with cases of uterine infection. The
current study aimed to characterise szeQ, a novel phage-associated S. zooepidemicus sAg gene. szeQ was encoded by around
0.9% of S. zooepidemicus isolates screened (4 out of 437 isolates
within a diverse collection of 190 different sequence types). To
date, the low prevalence of szeQ has not permitted an association
and/or dissociation with speciﬁc clinical forms of disease to be
determined. SzeQ shares 69% amino-acid sequence identity with
the Streptococcus pyogenes sAg SpeC. The recombinant sAg SzeQ
is active in vitro, inducing mitogenic stimulation of equine peripheral blood mononucleated cells, characterised by lymphoproliferation and cytokine production (IFNgamma, IL-4, IL-10,
TNFalpha, IL-6). Disruption of the sAg TCR-binding site allows to
differentiate sAg activity on T-lymphocytes and Antigen Presenting Cells (APC). The predicted TCR-binding motif site of SzeQ
was identiﬁed by sequence homology to SpeC and disrupted by
site directed mutagenesis (TCRneg-SzeQ) (Figure 1). Recombinant TCRneg-SzeQ lost its ability to induce T-cell proliferation in
vitro, but retained its capacity to bind MHC class II equine cells
(APC targeting). Superantigen-induced T-cell-dependent cytokines (IFNgamma, IL-4, IL-10) were strongly reduced after
stimulation with TCRneg-SzeQ. In contrast, APC-dependent cytokines (IL-6, TNFalpha and IL-8) were unaffected, highlighting
the potential of SzeQ to drive the immune response during
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immunisation through speciﬁc activation of APC, irrespective to
their mitogenic activity on T-lymphocytes. This activity was also
strengthened by preliminary results indicating that SzeQ
potentially modiﬁes Toll-Like Receptor transcription in vitro.
TLRs activate the immune system upon interaction with pathogen-associated molecular patterns displayed by bacteria, viruses or parasites. This activation culminates in the production of
pro-inﬂammatory cytokines, which shape the early host
response to infection and are a requirement for the subsequent
activation and modelling of adaptive immunity. Beyond the
characterisation of a new S. zooepidemicus sAg, our results suggest a complex role for sAgs in the pathogenesis of S. equi and S.
zooepidemicus.

028
Simultaneous identiﬁcation of every gene
Streptococcus equi subspecies equi by TraDIS

in

A.R.L. Charbonneau*, A.S. Waller, O.P. Forman, C. Robinson, K.F.
Steward
The Animal Health Trust, Lanwades Park, Newmarket, Suffolk
CB8 7UU
Streptococcus equi subsp. equi (S. equi) is the causative agent of
strangles, the most frequently diagnosed equine infectious disease worldwide. Currently, no effective vaccine providing DIVA
potential (differentiates infected from vaccinated animals) exists
against S. equi. The development of such a vaccine requires the
application of molecular m7ethods to identify regions of the S.
equi genome required for infection. The development of transposon directed insertion-site sequencing (TraDIS) has enabled
the acquisition of extremely relevant genomic data for the
improvement of disease control. We have developed a custom
TraDIS method in which a plasmid carrying a transposon is
randomly inserted into the S. equi genome, creating a library of
mutants. Mutants able to tolerate insertion into a gene will
continue to replicate, reﬂecting the gene’s non-essential nature.
Mutants unable to tolerate insertion will be reduced or lost from
the population as it is no longer viable, reﬂecting the essential
nature of the disrupted gene. Next-generation sequencing of this
remaining population allows these gene essentialities to be
assigned. In this study, a large library of 115,951 unique mutants
was generated which contained an average of 1 insertion every
18 bp with an average read depth of 18. The density and quality
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of the library enabled the simultaneous identiﬁcation of essential
regions over 94% of the S. equi genome. A total of 253 genes were
identiﬁed as required for growth in standard laboratory conditions, providing a blue-print for basic cell survival. Amongst
other ﬁndings, the 14 genes associated with the iron-sequestering molecule equibactin, were all found to be non-essential to
S. equi in vitro with the exception of the regulatory gene, eqbA.
This gene mediates iron uptake to prevent intracellular iron
toxicity, which is reﬂected by its importance in this study. To
reduce the impact of phage infections, bacteria have developed
‘cell suicide’ abortive infection mechanisms. In S. equi, the genes
encoding toxin production for abortive infection were found to
be non-essential, but a gene encoding an anti-toxin was
required. In a pilot study, a library of mutants was used to
determine if TraDIS is able to identify genes involved in the
interaction between S. equi and equine phagocytes (equine
macrophage-like cells (eCAS)). Mutants containing insertions in
11 genes involved in resistance to oxidative stress and into two
genes involved in capsule formation were reduced in ﬁtness. The
identiﬁcation of these genes highlights the importance of
maintaining both the capsule and the ability to resist oxidative
stress in S. equi, in the presence of eCAS. The ability of TraDIS to
simultaneously allocate importance to genes under particular
conditions makes it an attractive high-throughput method with
which to explore and build on current knowledge of the functional genomics of S. equi to direct the design of safer and more
effective vaccines.

110
Optimisation of a live attenuated vaccine against
strangles
C. Robinson 1, A.R.L. Charbonneau 1, O.P. Forman 1, K.F.
Steward 1, A.K. Cain 2, A.S. Waller*1
1
Animal Health Trust, United Kingdom; 2 Wellcome Trust Sanger
Institute, United Kingdom
Strangles, caused by Streptococcus equi (S. equi) is one of the
most frequently diagnosed infectious diseases of horses and
there remains a signiﬁcant need to develop new preventative
vaccines. We have previously reported that a live vaccine strain
based on S. equi strain 4047 (Se4047), which contained deletions
in six genes: sagA, hasA, aroB, pyrC, seM and recA, conferred
excellent levels of protection, but caused adverse reactions at the
intramuscular injection site in ﬁve of nine vaccinated ponies.
Here we describe the optimisation of a new live attenuated
vaccine against strangles. Emerging data from genome
sequencing projects identiﬁed that, in contrast to earlier data,
the population of S. equi is dynamic and constantly changing.
These data provide evidence that the currently available vaccines
against strangles, Pinnacle IN and Equilis StrepE, or those based
on the Se4047 strain, isolated from a diseased horse in the UK
during 1990, differ from the contemporary population of European strains by over 200 years in evolutionary time. Our analysis
identiﬁed variation in several surface components of the bacteria
that are likely to be targeted by the equine immune response
suggesting that an update of the current vaccines may improve
the protection conferred against natural cases of disease. Here
we report the generation of an updated live attenuated vaccine,
based on strain Se4592, which lacks components targeted by
modern diagnostic tests permitting the differentiation of infected from vaccinated animals (DIVA). In order to improve the
intramuscular safety of the Se4592 vaccine, we exploited a novel
transposon directed insertion-site sequencing (TraDIS) method
to identify genes required for the development of injection-site

abscesses. Our results provide an insight into S. equi infection
and a blueprint towards the design of safer and more effective
vaccines.

082
Use of vaccination in the eradication of strangles: the
importance of differentiating infected from vaccinated
animals (DIVA)
J.R. Newton*, C. Robinson, A.S. Waller
Centre for Preventive Medicine, Animal Health Trust, Lanwades
Park, Newmarket, Suffolk, CB8 7UU
An important concept is that effective control and ultimately
eradication of a disease within a given population only comes
with a thorough understanding of that disease’s behaviour in
that setting or put another way through good knowledge of the
epidemiology of that disease. Factors that are relevant to the
behaviour of a disease in a population include awareness of
sources of infection, routes of transmission, roles of sub-clinical
carriers and latent infections, biosecurity and hygiene, diagnostic
methods and performance and preventive measures including
use of vaccination. The past 20 years have seen considerable
strides taken in improving the means by which S. equi infections
and ‘strangles’, the disease that they cause, can be detected,
controlled and eradicated from groups of horses. These strides
include the recognition of the importance of subclinical carrier
animals and their ability to act as perpetual potential sources of
S. equi and the development and validation of improved diagnostics assays, including highly sensitive qPCR agent detection
methods and highly speciﬁc serological ELISAs with which to
evaluate horses’ immunological responses to S. equi. All of these
elements are now incorporated into internationally recognised
‘Strangles’ control, eradication and prevention protocols, such as
those outlined in the Horserace Betting Levy Board’s 2015 Codes
of Practice (http://codes.hblb.org.uk/index.php/page/99). However, there is a signiﬁcant missing element from the current
‘strangles’ control armoury in that S. equi vaccines with DIVA
capability are not yet available anywhere in the world e i.e.
products for which immunological responses following natural
infection can be meaningfully differentiated from those
following vaccination. Importantly work on two fronts at the
Animal Health Trust gives realistic prospects that in the relatively near future different forms of DIVA vaccines (both subunit
and live attenuated) may become a reality. We propose that
when DIVA strangles vaccines are available they will provide the
biggest opportunity for effective control of S. equi infection and
‘strangles’. This will because for the ﬁrst time the joint approaches of infection eradication and vaccination can be meaningfully joined without one compromising the other. This
presentation will provide a conceptual overview of how DIVA
vaccines may in future be effectively linked with currently
advocated disease control, eradication and prevention programmes. This will facilitate eradication of endemic infections
whilst safely maintaining herd immunity, differentiated for the
ﬁrst time between presumed trickling natural infection from
subclinically infected animals and that provided by DIVA vaccination. In conclusion, all evidence suggests that healthy carriers
will remain critical in endemic persistence of ‘strangles’ and that
eradication by vaccination alone is unlikely to be effective. It has
been shown on individual premises at least that other control
measures can be effective in eradicating strangles from populations of horses and maintaining them as disease free thereafter. Future DIVA vaccines will greatly enhance control of
‘strangles’ and its ultimate eradication.
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Tetracycline resistance and genotypes of Streptococcus
zooepidemicus isolated from Thoroughbred horses
with respiratory disease in Japan
Y. Kinoshita*, H. Niwa, Y. Katayama
Epizootic Research Center, Equine Research Institute, Japan
Racing Association, Japan
Tetracycline resistance has become widespread in Streptococcus
zooepidemicus in horses in many countries, and tetracyclineresistant S. zooepidemicus is being isolated from respiratory
specimens in Japan. Streptococcus zooepidemicus is reportedly not
a homogeneous clonal population but consists of a wide diversity
of strain types. Here, we examined the relationship between
tetracycline resistance determinants and S. zooepidemicus genotypes. We used 66 isolates of S. zooepidemicus derived from
Thoroughbred horses in Japan that had developed signs of respiratory disease between 2000 and 2014. Minimum inhibitory
concentrations (MICs) of tetracycline and minocycline for the
isolates were measured, and eight PCR methods, detecting the
tetracycline resistance determinants tetO, tetW, tetM, tetL, tet40,
tetK, tetQ, and tetT, were applied to the 66 isolates. Twenty
(30.3%) of the S. zooepidemicus isolates were tetracycline resistant,
and 11 (16.7%) were minocycline resistant (Table 1). In
2010e2014, 50% (9/18) of S. zooepidemicus were tetracycline
resistant; moreover, isolation rates of S. zooepidemicus with
minocycline resistance were signiﬁcantly greater than in
2000e2009. All tetracycline-resistant S. zooepidemicus possessed
one of the tetracycline resistance determinants; 12 isolates had
tetO, 6 had tetW, and 2 had tetM. The MICs of minocycline for S.
zooepidemicus possessing tetO were signiﬁcantly higher than
those for S. zooepidemicus with tetW; interestingly, S. zooepidemicus with tetO were isolated more frequently in 2010e2014 than
in 2000e2009. Two PCR typing methods based on characterization of the M-protein hypervariable (HV) region and the 16S-23S
rRNA gene intergenic spacer were applied to the 66 isolates to
determine S. zooepidemicus genotypes. As in other studies, S.
zooepidemicus represented a wide diversity of strain types: the 66
isolates of S. zooepidemicus comprised 15 different types of
varying prevalence. The three most common types, A1HV4,
A1HV5, and C1HV2, accounted for 50% of all the typed isolates.
Although the S. zooepidemicus isolates belonging to certain genotypes (e.g. A1HV2, A1HV3, and D1HV5) did not possess any of
the tetracycline resistance determinants, all ﬁve A1HV1 strains
possessed tetO, all two B2D2HV3 had tetW, and the single D2HV5
strain had tetO. It is possible that these strains acquired their
resistance genes before their introduction into Japan’s Thoroughbred population. Finally, we compared two phylogenic trees
based on PCR e restriction fragment length polymorphism (PCRRFLP) analysis and the tetO sequences of 12 S. zooepidemicus
isolates. The same distributional differences among each isolates

Table 1
Isolation rates of S. zooepidemicus with tetracycline or minocycline
resistance
Rates of resistant straina
Antimicrobials
Tetracycline
Minocycline

2000-2004
(n¼30)
23.3%
10.0%y

2005-2009
(n¼18)
22.2%
5.6 %y

2010-2014
(n¼18)
50.0%
38.9%

Total
(n¼66)
30.3%
16.7%

a) Strains with MICs of greater than or equal to 8mg/ml were considered to
be resistant.
y
Signiﬁcantly smaller than in 210-2014 (P < 0.05, Fisher's exact test)
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were observed in the two types of phylogenic tree. The results
indicated that the tetO gene of S. zooepidemicus might not have
been transferred by plasmid or conjugative transposon. These
results should help us to understand the relationship between
tetracycline resistance determinants and S. zooepidemicus genotypes and to select antimicrobials for horses with respiratory tract
infections.

049
Phospholipase A2 of Streptococcus equi: an ambiguous
virulence factor.
A. Cenier 1, 2, M. Salze 1, 2, M.R. Lopez-Alvarez*1, C. Robinson 1, R.
Paillot 1, 2, A.S. Waller 1
1
Animal Health Trust, Newmarket, United Kingdom; 2 University of
Caen Basse Normandie, France
Phospholipase A2 (PLA2) toxins are enzymes that hydrolyse phospholipids and are likely to be involved in the disruption of eukaryotic cell membranes and host invasion[1]. The production of PLA2
toxin, SlaA, by Streptococcus pyogenes was associated with increased
morbidity and mortality in humans[2]. Streptococcus equi subspecies
equi (S. equi) is the causal agent of strangles, an infectious disease of
horses characterised by abscessation of the lymph nodes of the head
and neck[3]. SlaA from S. pyogenes M3 and S. equi strain 4047
(Se4047) share 98% predicted amino acid sequence identity[4].
Se4047 also encodes a second putative PLA2 toxin, SlaB. The role and
activity of SlaA and SlaB from S. equi in-vivo have not been investigated yet. This work aims to conﬁrm the production of SlaA in horses
during S. equi infection and whether its presence increases the
pathogenicity of S. equi strains in-vivo. The production of an SlaAspeciﬁc antibody was measured by ELISA using serum collected
from horses suffering from strangles. The importance of SlaA and
SlaB role in-vivo was determined by experimental infection of Welsh
mountain ponies with either a wild type S. equi strain (WT-Se) or a
strain lacking genes encoding PLA2 (DslaAB-strain). The level of
antibodies against recombinant SlaA was signiﬁcantly higher in sera
from horses recently exposed to S. equi whilst the results were lower
in sera from healthy horses. This result supports SlaA production
and immunogenicity in-vivo. However, no signiﬁcant attenuation of
the disease was observed after infection with the DslaAB-strain
when compared with ponies infected with WT-Se. Nevertheless,
macroscopic post-mortem examination identiﬁed that the abscesses in ponies infected with the DslaAB-strain were smaller and
appeared to be conﬁned to individual nodules of the lymph node.
On the other hand, those abscesses caused by the WT-Se, were larger
and diffuse. Regarding cytokine production, differences in the levels
of TNFa were observed during the course of the infection in ponies
challenged with the DslaAB-strain when compare to those infected
with WT-Se, suggesting that PLA2 toxins exert a regulatory effect on
the inﬂammatory response. In conclusion, SlaA and SlaB are potential virulence factors produced by S. equi during infection. Postmortem observations indicated that the production of SlaA and SlaB
may increase the size of lymph node abscesses in-vivo. SlaA and SlaB
also regulate the expression of TNFa during the course of infection.
Alongside preliminary in-vitro results obtained by our group, these
results suggest that PLA2 toxins play a subtle role in the pathogenicity of S. equi that may involve the innate immune response.
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Expression of capsule and bioﬁlm formation by
Streptococcus equi subsp. equi
C.P. Bustos*, N.S. Lanza, M.J. Marﬁl, A.N. Etchecopaz, A.J.
~ oz, E.V. Moras, N. Guida
Mun
Facultad de Ciencias Veterinarias, Universidad de Buenos Aires,
Chorroarín 280, CABA, Argentine
Streptococcus equi subsp. equi (S. equi) of Lanceﬁeld group C and
beta haemolytic streptococci causes Strangles, a contagious infectious disease of young horses4,5. Bacterial adhesion, colonization and immune evasion are required to pathogenesis. S. equi is a
host-restricted pathogen derivated from Streptococcus equi subsp.
zooepidemicus6. S. equi has many virulence factors as capsule, SeM
protein, streptolysin S and superantigens4,5,6. The hyaluronic acid
capsule reduces the phagocytic function of neutrophyls and it is
also required for the activity of other proteins1,4. In addition, the
capsule protects the bacterium from immune recognition because
of mimicry with host tissue components. Others bacteria are able
to produce bioﬁlm that is sessile microbial community in which
cells are attached to a surface and enveloped within an extracellular polymeric matrix3. Bacterial bioﬁlms are more resistant
than planctonic cells to antimicrobial agents and host immune
defense systems2,3. S. equi produces high levels of capsule and
that may be related with the low adhesion to the mucosal surface6. The aim of this study was determined capsule and bioﬁlm
formation by S. equi. Ninety isolates of S. equi were obtained from
horses with clinical Strangles and healthy carriers in Buenos Aires,
Argentine. The isolates were culture 24 h (to capsule) and over
night (to bioﬁlm) at 37 C in Todd Hewitt broth supplemented
with 0.2% yeast extract and 10% adult horse serum. Then, capsule
was observed by negative staining with India ink solution and
crystal violet at 100X. The inoculum to bioﬁlm was diluted 1/10 in
fresh medium and bioﬁlm formation was performed on glass
slides at 37 C and CO2 enriched atmosphere for 18 h. After
washing and ﬁxing, the bioﬁlm was staining with Alcian Blue 4X
and crystal violet and then bioﬁlm was observed at 40X and 100X.
Results were elaborated by X2 test and the level of signiﬁcance
was established at P<0.05 by statistical analysis. Staining of
capsule shown 85% of encapsulated isolates and different levels of
capsule expression: high (49%) and low (51%). Staining of bioﬁlm
on glass slides shown 95,56% of adherent isolates which were
grouped in high agglomerate (40%), low agglomerate (27%) and
chain of coccus (33%) and 66% of them formed extracellular
polysaccharide (PSE) (ﬁgure 1). There was a signiﬁcant correlation
between agglomerate and PSE formation (p<0.0001). Expression
and level of capsule were not correlated neither with agglomerate
nor PSE formation (p>0.05). Our results of capsule are agree with
others studies which described that virulent isolates of S. equi are
usually highly encapsulated1,4,5. Bioﬁlm formation in S. equi could
be demonstrated and agglomerate and PSE formation were
observed in a high percentage of isolates. Several reports of
Streptococcus pneumoniae have demonstrated that nonencapsulated pneumococcal mutants show increased adhesion properties
and bioﬁlm in vitro formation but we could not demonstrated
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correlation between capsule and bioﬁlm formation3. Bioﬁlm may
be associated with persistent infections in carriers as with others
pathogens2,3. We propose to continue studying this virulence
factor, their relation with bacterial adhesion, resistance and
persistence in healthy animals.
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“Strangles-like” disease and outbreaks caused by
Streptococcus equi subspecies zooepidemicus: Case
cluster description and diagnostics by a real-time PCR
strangles screen
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“Strangles” has been traditionally associated with Streptococcus equi subspecies equi (S.equi). Other streptococcus bacteria have been suspected to cause strangles-like clinical
presentation and outbreaks in horses; 1. Streptococcus equi
subspecies zooepidemicus (S. zoo), is considered an opportunistic pathogen in equine upper airways, a common cause of
abscess formation in horses, and an important pathogen in
equine respiratory disease and metritis. 2. Streptococcus dysgalactiae subspecies equisimilis (S. equisimilis), an infrequent
cause of placentitis and lymphangitis in the horse. IDEXX®
developed a real-time PCR-based strangles screen for all three
strains of beta hemolytic streptococci. The outbreak reviewed
for this report started with the arrival of a new horse with
heavy nasal discharge. Two additional horses subsequently
developed similar nasal discharge and lymphadenopathy.
Common equine respiratory viral pathogens and S. equi were
ruled out by a respiratory PCR panel on nasal swabs. Consequently, samples were submitted to be screened for the 3
beta hemolytic streptococci; they were all positive for S. zoo.
The results were conﬁrmed by an aerobic culture that grew
pure heavy growth of S.zoo. The correct identiﬁcation of
pathogens causing equine pyrexia and respiratory disease is
essential for the identiﬁcation of potentially signiﬁcant equine
biosecurity pathogens such as EHV1, EHV4, EIV, and S. equi.
Occasionally, other streptococcal bacteria cause signiﬁcant
upper airway morbility in individual horses and outbreaks. A
beta hemolytic streptococci real-time PCR panel is an
improvement over current diagnostic tools and provides a
more accurate identiﬁcation in cases with suspected strangles
clinical presentations and negative culture results.
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Presumptive purpura haemorrhagica and deep digital
ﬂexor tendonitis associated with S. equi subsp. equi
infection in a Thoroughbred foal
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Purpura haemorrhagica is an immune-mediated, aseptic necrotizing vasculitis caused by immune complex deposition (type III
hypersensitivity reaction) in the vascular endothelium, which can
occur after Streptococcus equi subsp. equi (S. equi) infection or
vaccination. Metastatic spread of S. equi is also a frequent
complication, which can lead to suppurative inﬂammation such as
bronchopneumonia, nephritis, hepatitis, splenitis, lymphadenitis,
arthritis, and others. This study describes the clinical, microbiological, post-mortem, and histological ﬁndings in a presumptive
case of purpura haemorrhagica with simultaneous metastatic
spread that occurred in a six-month-old Thoroughbred foal. The
case described occurred among a population of 110 weanlings on
a breeding farm located in Buenos Aires, Argentina with history of
sporadic occurrence of strangles among vaccinated foals. During
the 2010 and 2011 foaling seasons, two foals developed a clinical
syndrome characterized by subcutaneous limb edema affecting
the four limbs and extending to the carpus and hock, weight loss,
lethargy, and forelimb bilateral hyperextension of the fetlock and
pastern joints. Both foals were humanely euthanized and no
etiological diagnosis could be determined at that time. In 2013, a
6-month old foal developed similar clinical signs 60 days after
re-vaccination with an autogenous S. equi bacterin. Clinical signs
included fever, weight loss, lethargy, mucopurulent nasal
discharge, limb edema, and bilateral hyperextension of fetlock
and pastern joints with no favorable response to treatment.
Laboratory tests demonstrated leukocytosis and neutrophilia,
hyperﬁbrinogenaemia, azotaemia and hypoproteinaemia. Postmortem ﬁndings included pericardial and abdominal effusions,
renomegaly, mild splenomegaly and bilateral necrotizing
tendonitis of the deep digital ﬂexor tendon. Even though
lymphadenitis or abnormal content within guttural pouches were
not observed, S. equi was isolated from guttural pouch swabs.
However, the antibiotic treatment could have potentially hindered the isolation of S. equi from other organs (spleen, liver and
lung). Histopathological lesions included suppurative necrotizing
tendonitis associated with vasculitis, thrombosis and presence of
bacterial colonies, focal suppurative bronchopneumonia and
ﬁbrinoid vasculitis, non-suppurative interstitial nephritis with
presence of hyaline cylinders or necrotic exudates and thickening
of the glomerular basement membrane due to protein deposition
(Masson’s trichrome stain), and suppurative pyelonephritis. The
epidemiological, clinical and microbiological data together with
the post-mortem and histologic ﬁndings are consistent with other
reports of type III hypersensitivity reaction in foals and adult
horses and metastatic spread of S. equi and seeding of multiple
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organs. However, the acute and severe tendon and renal lesions
observed were not prominently characterized in previous reports
of the disease. Even though rare, the clinical signs and lesions
described here should be taken into consideration in the diagnosis
and outcome of S. equi infection.
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Production and functional characterization
recombinant Streptococcus equi phospholipase
toxins SlaA and SlaB
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Animal Health Trust, Newmarket, United Kingdom; 2 University of
Caen Basse Normandie, France
Streptococcus equi subspecies equi (S. equi) is the causal agent of
strangles, a highly contagious infectious disease of horses characterised by abscessation of the lymph nodes of the head and neck,
fever and mucopurulent nasal discharge(1). The putative phospholipase A2 toxins SlaA and SlaB are thought to be pathogenic
factors that hydrolyse phospholipids and are likely to be involved in
the disruption of eukaryotic cell membranes and invasion of the
host(2). SlaA contributes to the virulence of Streptococcus pyogenes
(S. pyogenes) and is associated with increased morbidity and
mortality of humans(3). The slaA gene is carried by a prophage and is
widely distributed amongst isolates of S. equi (26/26) and Streptococcus zooepidemicus (S. zooepidemicus) (44/140)(4). The genomes
of S. equi and S. zooepidemicus encode a second putative phospholipase A2 toxin, SlaB, which shares 70% predicted amino acid
sequence identity with SlaA of S. pyogenes(4). Despite their homology with SlaA from S. pyogenes, the activity of phospholipases
produced by S. equi and S. zooepidemicus have not been studied yet.
The present work aimed to clone, express and produce recombinant SlaA and SlaB proteins from S. equi strain 4047 (Se4047) and a
variant of SlaB from S. zooepidemicus strain H70 (SzH70). The
enzymatic activity of puriﬁed recombinant proteins and their potential effect on the immune response were also evaluated. slaA
and slaB genes from Se4047 and SzH70 strains were cloned as
glutathione S-transferase (GST) fusions using a pGEX-3X vector.
The activities of recombinant SlaA (rSla) and SlaB (rSlaB) were
measured using the EnzChek Phospholipase A2 kit. Their inﬂuence
on the immune response was determined through cell proliferation assays measuring the incorporation of 3H-Thymidine. rSlaA
and rSlaB from S. equi and S. zooepidemicus were successfully
produced. rSlaA from Se4047 and rSlaB from SzH70 had phospholipase activity (2.33 U/mg and 5.13 U/mg, respectively). However,
no enzymatic activity was detected for rSlaB Se4047. Proliferation
of equine macrophages was signiﬁcantly higher following stimulation with 0.6 to 0.06 mg/ml of SlaB from SzH70 or with 0.6 mg/ml
of SlaA when compared to unstimulated controls. In conclusion, we
produced three recombinant phospholipase A2 toxins from S. equi
and S. zooepidemicus. Preliminary results indicate that two of them
are enzymatically active and induce low levels of proliferation of
equine immune cells. These preliminary results support that SlaA
and SlaB may contribute to the ability of S. equi and S. zooepidemicus
to infect and cause disease in horses which warrant further
investigation into their speciﬁc role as pathogenic factors.
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Correlation between endoscopic ﬁndings and real-time
PCR analysis for Streptococcus equi subsp. equi DNA of
guttural pouches in recovered strangles cases
€ki*1, J.P. Pringle 1, V. Båverud 2, A.-K. Nyman 2, G.
M. Riihima
2
€
Grondahl
1
Department of Clinical Sciences, Faculty of Veterinary Medicine
and Animal Science, Swedish University of Agricultural Sciences,
Uppsala, Sweden; 2 National Veterinary Institute, SE-750 07
Uppsala, Sweden
Horses that lack obvious clinical signs of respiratory disease can
be silent carries of Streptococcus equi subsp. equi (S. equi) in their
guttural pouches. Guttural pouch lavage and repeated nasopharyngeal lavages(1) analyzed by real-time PCR(2) are sensitive
methods for analysis for S.equi and are considered to be a standard
to identify carrier stage. The carrier screening, identifying and
treatment of carriers, in the end of a disease outbreak by sampling
guttural pouches is expensive and time consuming. According
guidelines carriers that have endoscopic ﬁndings of guttural
pouch empyema, chondroids or discharging lymph nodules are
sampled and treated. The sensitivity of using macroscopic
appearance of guttural pouches as an indication of persistent S.
equi colonization is poorly studied. The aim of this study was to
investigate if there is a correlation between endoscopic ﬁndings in
guttural pouches and positive qPCR analysis for S.equi. In total 179
endoscopic ﬁndings from upper airways from 91 individual
horses after a strangles outbreak were compared with positive
qPCR results from nasopharyngeal lavage and guttural pouch
lavage samples. Nasopharyngeal lavage was performed with 120
ml saline and guttural pouch lavage with 40 ml saline for each
pouch and analyzed separately. The nasopharyngeal lavage was
performed with 120 ml saline prior endoscopy and endoscopic
guttural pouch lavages using 40 ml saline for each pouch and
analyzed separately. The endoscopic ﬁndings of guttural pouches,
including empyema, chondroids or discharging retropharyngeal
lymph nodules were recorded and compared to the qPCR analysis
for S. equi. There was no statistical correlation between endoscopy
ﬁndings and qPCR results. However, if the ﬁrst guttural pouch
lavage was positive by qPCR for S. equi, it was statistically more
likely that the contralateral guttural pouch also was positive,
indicating a risk for contamination of the second sample. Horses
that lack obvious clinical abnormalities on upper airway endoscopy including the guttural pouches can be silent carriers of S.
equi. In conclusion, negative endoscopic ﬁndings of the guttural
pouches of recovered strangles cases cannot rule out silent carrier
status. This study was approved by the Swedish Ethical Committee on Animal Experiments and each horse owner had given
their informed consent to participate in the study. Financial
support was achieved from The Swedish-Norwegian Foundation
for Equine Research and Swedish Research Council Formas.

Figure 1. Bioﬁlm stained with Acridine OrangeĂ

Streptococcus equi subsp. zooepidemicus (S zooepidemicus) acts as
an opportunistic pathogen in equine reproductive and respiratory
tract and it is the most isolated pathogen of the horse. S zooepidemicus is associated with several pathologies such as endometritis, placentitis, pneumonia, lymphadenitis, among other. It is
also associated with diseases in others animal host, including
dogs, monkeys, pigs and humans. A bioﬁlm is an aggregate of
microorganisms in which cells adhere to each other on a surface
producing matrix of extracellular polymeric substances. Bioﬁlm
formation is an important process to colonization and establishment of opportunistic pathogens. The ability to produce bioﬁlm
provides a protective environment, in which bacteria can adapt to
coexist with the host providing immune protection. Another
beneﬁt of bioﬁlm communities is the ability to resist antibiotic
treatment. The present study was designed to identify in vitro
bioﬁlm production by S zooepidemicus and evaluated the kinetic
of this bioﬁlm. Twenty eight S zooepidemicus isolates from nasopharynx and genital mucosa of healthy horses were used. Bioﬁlm
formation assays were performed using 96-well plates. Strains
were grown in Soy Triptein Broth at 37  C in CO2 atmosphere for
18 h. The inoculum was adjusted at 3x108/mL (1 Mac Farland) and
200 mL were dispensed per well into a 96-well plate. Fresh medium was used as negative control. Plates were cultured without
shaking at 37  C in CO2 atmosphere for 2, 24, 48 and 72 h. The
medium of the plates was then poured off, and the wells were
washed three times with sterile PBS (Phosphate Buffer Solution
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Kinetic of bioﬁlm formation by Streptococcus equi subsp
zooepidemicus
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Figure 2. Isolates with highest production between 40-60 h.Ă
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Figure 3. Isolates with highest production at 24 h.Ă

Figure 4. Isolates with highest production at 72 h.Ă

pH 7). After that, plate wells were stained with 200 mL of 1% (w/v)
crystal violet for 15 min and washed three times with PBS. The
ﬁxed stain was eluted with 200 mL 95% (v/v) ethanol and the
absorbance of the supernatant was measured at 570 nm.
Furthermore, the 96-well plate incubated for 72h was stained
with Acridine Orange (Fig 1) and observed in ﬂuorescence microscope. In vitro bioﬁlm production was demonstrated in most of
wild isolates (75%) and in ATCC 70400 strain too. Increase production of bioﬁlm was obtained between 40 h and 60 h by 9

isolates and the ATCC (Fig 2). Only three isolates the increase
production was demonstrated at 24 h (Fig 3) and six isolates
which shown later and higher development of bioﬁlm was
observed at 72 h (Fig 4). Different behavior in bioﬁlm production
was demonstrated, this suggests that this process may be related
with the fact to attach and persist in host tissue. Future studies of
bioﬁlm in S zooepidemicus and their relation with others phenotypic characteristics will be performed to demonstrated the role
of bioﬁlm in the pathogenesis.
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Unraveling the causes of respiratory disease in the
working equids of Ethiopia: A cross sectional survey
G. Laing*1, R. Christley 1, A. Stringer 1, A. Radford 1, N. Aklilu 2, R.
Newton 3, G. Pinchbeck 1
1
Institute of Infection and Global Health, University of Liverpool,
UK; 2 Society for the Protection of Animals Abroad (SPANA),
Ethiopia; 3 Animal Health Trust, Newmarket, UK
Previous research has demonstrated that respiratory disease,
particularly coughing and nasal discharge are consistently
ranked in the top-three health concerns for working equid
owners. However, there is little existing literature on the
possible aetiology and these syndromes are poorly deﬁned. This
study aimed to better understand respiratory disease, including
frequency of signs, in working equids and assess exposure to the
major respiratory pathogens. A cross-sectional study was conducted across 19 sites in Central Ethiopia. Owners and horses
were sampled using systematic random sampling from a
selected focal point in the town. A brief questionnaire was
administered to drivers/owners to ascertain horse details and
history of respiratory signs or disease. A clinical examination was
performed and a jugular blood sample was taken. Heat-treated
serum was transported to the UK for testing. Serology for antibody titres to equine inﬂuenza virus (EIV) used a multispecies
Inﬂuenza A competitive Enzyme-linked Immunosorbant Assay
(ELISA). Samples showing a borderline negative result (<100%
colour change) on ELISA were subsequently tested using haemagglutinin inhibition for EIV H7N7 (Prague) and H3N8 (Miami
and Newmarket 2) strains. Detection of antibodies to equine
arteritis virus (EAV) and Streptococcus equi subsp. equi were by
ELISA. Positive samples on EAV ELISA were subject to virus
neutralisation test. S equi samples were deemed positive if optical density (OD) >0.3 on ELISA. Complement ﬁxation was used
to determine serum antibody titres to equine herpes viruses
(EHV-1/4) and equine rhinitis viruses (ERAV/ERBV). Over 19 sites,
350 participants were selected. Owners reported 38% animals
examined had recent history of coughing (last 30 days), 8% had a
history of nasal discharge and 3% had suffered other breathing
problems. In addition 11% horses examined had a clinically signiﬁcant nasal discharge. Serology results for 350 horses suggested recent exposure to S equi in 23%, EAV 3.4%, but exposure
to inﬂuenza virus was very rare. Low antibody titres to EHV-1/4
and ERAV/ERBV were also detected. Clinical signs of respiratory
disease were relatively uncommon on examination of these
working horses; however owners reported higher levels of respiratory signs in the previous 30 days, particularly coughing,
consistent with results from the previous participatory studies. It
appears S equi is endemic in the population and is likely to be a
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signiﬁcant contributor to respiratory disease in Ethiopian working equids. The low prevalence of EHV-1/4, ERAV/ERBV and EAV
suggest the presence of these pathogens in the population but
they are unlikely to be causing the majority of respiratory signs
reported. Equine inﬂuenza did not appear to be present in the
population in this region of Ethiopia. Other causes of respiratory
signs such as inﬂammatory or allergic airway disease, or other
pathogens should be further investigated.
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Investigating Transplacental Transmission of Equine
Piroplasmosis in Thoroughbred Foals in Trinidad
C. Sant*1, I. Pargass 1, A. Basu 1, Z. Asgarali 1, K. Georges 1
1
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Equine piroplasmosis caused by Theileria equi and Babesia caballi
is endemic in Trinidad, West Indies. Transmission occurs mainly
by ticks of the genus Ixodidae. T. equi can also be transmitted
transplacentally, however transplacental transmission of Babesia
caballi is unknown. Carrier mares may transmit T. equi across the
placenta to infect the offspring which can result in abortions,
stillbirths neonatal piroplasmosis or healthy carrier foals.
Neonatal foals can show signs at birth or clinical signs can manifest at 2 to 3 days of age. Some of the clinical signs include icteric
mucous membranes (Figure 1) and haemoglobinuria (Figure 2).
This study aims to investigate the incidence of transplacental
transmission of Theileria equi and Babesia caballi from thoroughbred mares naturally infected via the tick vector. EDTA blood
and serum samples were collected from 118 mares in the ﬁfth
month of pregnancy. Samples were also collected from each of
their foals within the ﬁrst 36 hours of birth. All samples were
analyzed microscopically for piroplasms. Serum ELISA, conventional and real time PCR ampliﬁcation of the 18S rRNA gene from
DNA extracted from whole blood for B. caballi were conducted.
Serum ELISA, conventional PCR ampliﬁcation of the 18S rRNA
gene and real time PCR analysis based on ema -1 gene for T. equi
were also performed on DNA extracted samples obtained from
whole blood. Eighty three (74.7%) mares and 40 (44.9%) of their
foals were seropositive for B. caballi. Four (3.4%) mares were
positive for B. caballi by conventional PCR. Six (6.7%) of the foals
were positive for B. caballi by real time PCR. Thirty-four (30.6%)
mares and 15 (16.8%) of their foals were seropositive for T. equi.
Twenty-seven (24.3%) mares and four (4.5%) foals were positive
for T. equi by conventional PCR. Real time PCR analysis based on
the ema e 1 gene revealed that seven (7.9%) of the foals were
positive for T. equi. Transplacental transmission due to T. equi or B.
caballi is a more common occurrence than previously suspected.
Newborn foals should be screened for equine piroplasmosis at
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one day old so treatment of positive foals can be started earlier for
a better prognosis.
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trypanocide treatment was administered and the animals were
observed for adverse reactions. Follow up evaluation was performed at one and two weeks to assess treatment effect. Blood
samples for each animal collected at weeks 1, 2 and 3 underwent
PCR analysis with validated speciﬁc primers1 for T. vivax west
(TVW), T. congolense savannah (TCS) and T. brucei (TBR).

Figure 1. Bar charts illustrating the PCR status of animals in each treatment
group at the three time points

Figure 1. Icteric mucous membranes observed on a 10 hours post-partum
thoroughbred foal.

Figure 2. Blood tinged urine observed from a 10 hours post-partum thoroughbred foal.
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Treatment efﬁcacy in Equine Trypanosomosis: A
prospective comparative study of three trypanocides
in over 250 clinical cases in working equidae
A.G. Raftery*1, J. Rodgers 2, D.G.M. Sutton 1
1
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Trypanocides are essential in trypanosomosis management, but
evidence regarding treatment efﬁcacy in equids is scarce. The
objective of this study was to establish the relative efﬁcacy of
three trypanocides (Diminasan® 3.5 mg/kg IM, Cymelarsan® 0.25
mg/kg IV and Samorin® 0.5 mg/kg IV) with respect to improvement of clinical parameters and parasitic burden and to evaluate
adverse drug reactions. A prospective randomised clinical efﬁcacy
study was performed in ten villages in The Gambia. Owners were
invited to present horses and donkeys for free examination (history, clinical examination and jugular blood sample for packed
cell volume (PCV) and total serum protein). Horses and donkeys
were enrolled if they fulﬁlled at least 2/5 inclusion criteria for
trypanosomosis (anaemia (PCV<24%), poor body condition
(1.5), limb or ventral oedema, abortion or pyrexia). Randomised

254/710 animals examined fulﬁlled study inclusion criteria with
follow up data obtained for 243. Age, gender, species, median PCV
(22%; range 8-26) and body condition score (median 1.5/5; range
0.5-2.5) were comparable between treatment groups (p>0.1). No
immediate adverse reactions occurred following Cymelarsan® or
Diminasan®. Immediate reactions occurred in 12/45 (27%) of
donkeys treated with Samorin® ranging from neck scratching, lip
smacking to tachycardia, cold extremities, sweating and hypothermia. Demeanour classiﬁcations improved following treatment with Samorin® or Diminasan® (p¼0.002). PCV increased at
1 and 2 weeks post treatment for all treatment groups (p<0.001).
On preliminary analysis of PCR results (n¼65), animals representing four villages were positive before treatment (week 1) for
TVW (55/65; 85%), TCS (44/65; 67%) and TBR (17/65; 26%) with
mixed infection common (45/65; 69%). Trypanosome species
proﬁle varied between villages (p<0.05). Post treatment positives
occurred in all groups for all Trypanosoma sp but with a marked
decrease in prevalence (Fig 1). Positives were most common in
the Cymelarsan® group, particularly for TCS (7/13; 54%). Two
weeks post treatment Diminasan® (15/19; 79%) and Samorin®
(19/23; 83%) had reduced parasitaemia below the threshold of
detection in most cases. The data support the continuation of
treatment with Diminasan® and Samorin® (with careful titration
of dosing in donkeys). Further investigation to quantify parasitaemia in post treatment positives will aid differentiation between treatment failure, reduced parasitaemia, new infections
and residual non-viable parasite DNA.
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Analysis of Theileria equi and Babesia caballi in equine
populations of the West Indies
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Theileria equi and Babesia caballi are tick-borne globally distributed apicomplexan parasites of equids. Infection with either of
these parasites can result in a variety of disease symptoms
ranging from fatal hemolytic anemia, nonspeciﬁc mild signs of
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infection or quite commonly with no clinical signs at all. For T.
equi, resolution of infection invariably results in life-long persistence and transmission risk. Global equine commerce is curtailed
due to restricted movement of horses infected with either parasite. The horse industry of the Caribbean, speciﬁcally in countries
like Barbados, continues to be a source of profound economic
income for this region. The presence of T. equi and B. caballi has
been reported in manuscripts from Trinidad and Curacao but
overall information on the status of these important parasites in
the Caribbean equine population is lacking. Anecdotally, equine
veterinarians as well as horse owners and trainers on the islands
of Barbados and Curacao report that horses are commonly
affected with what they presume to be equine piroplasmosis yet
routine serologic testing is uncommon. Serum and whole blood
was collected from 190 equids (horses and donkeys) in Grenada,
Barbados and Curacao at multiple locations on each island. Each
animal was examined for signs of overt illness and tick infestation
prior to sampling and identiﬁed ticks were also collected. Serologic analysis was completed using a competitive ELISA (VMRD,
Pullman WA) for both T. equi and B. caballi. No abnormal clinical
signs related to equine piroplasmosis were identiﬁed in any of the
tested animals. Of the 27 horses sampled from four different locations on Grenada, 18 were positive for T. equi yet only two tested
positive for B. caballi. All positive horses were located at two of
the four properties and Dermacentor sp. and Rhiphicephalus sp.
ticks, assumed to be competent vectors based on the literature,
were identiﬁed in the infected herds. Of the horses sampled in
Barbados, regardless of location, the vast majority were B. caballi
positive. No T. equi positive animals were identiﬁed. On the island
of Curacao, no B. caballi positive equids were identiﬁed and only
four T. equi positives were noted. Of these four positives, three of
the animals were imported from South America while the 4th
originated in Curacao. No ticks were identiﬁed on any of the
tested animals in Barbados or Curacao. This unique distribution of
infection within these conﬁned populations is unexpected and
could potentially alter the international trade of horses from this
region. Genetic analysis in the form of ribosomal sequence analysis and nested PCR is currently being performed on these samples to conﬁrm the serologic results and better deﬁne the isolates
of these parasites present in this equine population.
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Unraveling the causes of respiratory disease in the
working equids of Ethiopia: A case-control study
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1
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Previous participatory research and clinical case data from SPANA
Ethiopia has demonstrated that respiratory disease, particularly
coughing and nasal discharge are a major reason for clinic
attendance and are consistently ranked in the top-three health
concerns for working equid owners. However, there is little
existing literature on the possible aetiology. The aims of this casecontrol study were to determine risk factors, including respiratory pathogens, for respiratory disease. Cases and controls were
recruited from horses attending SPANA clinics in central Ethiopia.
Cases were identiﬁed as horses presenting to the clinic for respiratory signs such as coughing, nasal discharge or dyspnoea.
Unmatched controls were randomly selected from horses without
respiratory signs. All animals underwent full clinical examination,
serology for Streptococcus equi subspecies equi, equine herpes

viruses (EHV-1/4) and equine rhinitis viruses (ERAV/ERBV).and
basic haematology. Endoscopic examination of respiratory tract
was performed up to the level of the carina, including tracheal
mucus score (0-3). Tracheal wash samples were taken for cytological evaluation and PCR identiﬁcation of the major respiratory
pathogens including: equine inﬂuenza virus (EIV), equine
herpesvirus-1/-4, equine arteritis virus (EAV), equine rhinitis virus-A/-B, Streptococcus equi subspecies equi and Streptococcus
zooepidemicus. Additional data were collected by questionnaire. A
total of 108 cases and 92 controls were examined. Over one-third
of cases presented with coughing (36%) and nearly half had a
nasal discharge (43%). Case horses were more likely to cough on
endoscopy (84% compared to 16% controls) and have abnormal
ﬁndings on thoracic auscultation (54/63). Increased tracheal
mucus (2/3) was seen in 28% of case horses. Cytology of tracheal
wash smears showed increased neutrophils (>20%) in 73/102
cases (72%) and 44/90 controls (49%). Eosinophila (>1%) was seen
39/102 cases (38%) and 37/90 (41%) control horses. Fifty-six
percent of cases with a neutrophilia also had increased eosinophils compared to 38% of control horses with increased levels of
both cell types. PCR on tracheal wash samples detected S equi in 5
animals (4 cases), 1 case with EHV-4 and 33 horses with S zooepidemicus present. Signiﬁcantly (p<0.001) more cases were positive for S zooepidemicus than controls. A dual ELISA for antibodies
to S equi showed 25% seropositive, of which 68% were cases. Results of remaining diagnostics will also be presented. Horses
commonly presented with clinical signs of respiratory disease and
the majority of cases had evidence of lower respiratory tract
disease. Neutrophilia and eosinophilia appeared frequently in
both case and control horses. The role of Streptococcus species in
respiratory disease in this population should be further considered.
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Equine central nervous system trypanosomosis in The
Gambia is caused by genetically diverse populations of
Trypanosoma brucei parasites
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1
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In many countries diseases affecting working equid performance
and productivity are detrimental both to equid welfare and to
local economic development. Central nervous system (CNS) trypanosomosis, caused by Trypanosoma brucei spp1, is a severe
manifestation of trypanosomosis, which is usually fatal. The
causative agent of this condition in the Gambia was investigated
further in this study, to determine genotypic variation, mode of
transmission and future management interventions. The presence of trypanosomes in local tsetse ﬂies (Glossina spp.) was also
investigated due to suspected vector involvement in disease
transmission. Working equids exhibiting signs of CNS trypanosomosis were clinically evaluated. Blood was stored in EDTA and
on FTA® cards prior to DNA extraction. In advanced neurological
disease where prognosis was hopeless euthanasia was performed.
CSF and CNS tissue samples were collected post-mortem. CSF was
stored on FTA® cards and tissue samples were collected in
formalin and RNAlater®. To conﬁrm CNS T.brucei spp infection,
immunohistochemistry and T.brucei-speciﬁc PCR2 was performed
on tissue samples. DNA was also extracted from blood collected
from patients with evidence of generalised T.brucei infection with
normal neurological function, and from the midguts of locally
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caught tsetse. Parasite population structure was investigated using a panel of microsatellite markers3 together with a reference
strain of T.brucei equiperdum (OVI) and a T.b.brucei positive control.Ten cases (5 horses, 5 donkeys) with naturally occurring CNS
trypanosomosis were included. Horses presented with rapidly
progressive spinal ataxia while donkeys showed slowly deteriorating cerebral dysfunction and cranial nerve abnormalities. CNS
trypanosomosis was conﬁrmed post-mortem using immunohistochemistry and PCR. Histopathological evaluation revealed
diffuse lymphocytic-plasmacytic meningoencephalomyelitis.
Microsatellite fragment analysis showed a heterogenous parasite
population with a large range of alleles present, inconsistent with
a clonal population. Parasite populations from donkey versus
horse, and from blood versus CNS tissue were not found to be
signiﬁcantly different, suggesting that host factors are important
in progression of neurological disease. Of 405 tsetse trapped
locally and dissected, 11 contained microscopically visible midgut
trypanosome infections. DNA extracted from the positive tsetse
midguts was positive for equid DNA in 3/11 cases, conﬁrming
vector involvement. 5/11 ﬂies were positive for T.brucei but with
different microsatellite patterns to that found in infected CNS
tissue. Further work is required to develop an optimal panel for
use in both tsetse and equine-derived samples. Continued efforts
are required to improve understanding of the transmission of this
disease to enable the development of effective preventative
measures.
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004
Production of an African Horse Sickness killed vaccine
containing all 9 serotypes

Figure 2. Ultraﬁltration equipment (Millipore Cogent M1 Tangential Flow
Filtration System).

All 9 AHS serotypes were isolated over the last 13 years from
equine fatalities in Kenya. These 9 serotypes which were isolated
from organs were used for the production of AHS vaccines. The
viruses were grown on BHK cells, 10 times concentrated by ultraﬁltration and chemically killed by formalin and BEI. Inject®
Alum was added as adjuvant. The CVRL vaccine comes in 2 shots.
Shot 1 contains 5 serotypes (1,4,7,8,9) and shot 2 four serotypes
(2,3,5,6). The vaccine dose is 4 ml and is given subcutaneously and

U. Wernery*1, S. Joseph 1, Sh. K. Elizabeth 1, N.G. Patteril 1, R.
Wernery 1, S. Spendrup 2
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Central Veterinary Research Laboratory, P.O Box 597, Dubai, UAE;
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Kisima Farm Ltd, Nairobi, Kenya

Figure 1. AHS antigen capture ELISA results before and after ﬁltration of
AHS shot 1 containing 5 serotypes.

Figure 3. AHS antigen capture ELISA results of AHS vaccine shot 1 before
and after inactivation of the virus mix by formalin and BEI.
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Horse Sickness (2009/3/EC). Ofﬁcial Journal of the European
Union from 06.01.2009, 2/9 - 2/10.
Dubourget, Ph., J.M. Preaud, N. Detraz, F. Lacoste, A.C. Fabry, B.
Erasmus, and M. Lombard, (1991). Development, production and
quality control of an industrial inactivated vaccine against AHSV
type 4. Proc. 2nd Int. Symposium on Bluetongue, AHS and other
Orbiviruses, OIE, Paris, June 1991.
OIE (2012). Manual of Diagnostic Tests and Vaccines for Terrestrial
Animals, Volume 2 Equidae, African Horse Sickness, 826 - 830.
Anonymous (2008), Equine disease surveillance, October to
December 2008. Vet. Rec. 164 (15), 451.

033
Donkeys - a unique and challenging endoparasite host.
F.A. Burden*, A.M. Getachew
The Donkey Sanctuary, Sidmouth, Devon EX10 0NU, UK
Figure 4. AHS antigen capture ELISA results of AHS vaccine shot 2 before
and after inactivation of the virus mixture by formalin and BEI.

Figure 5. AHS killed vaccine shot 1 and 2 for 4 horses (4 x 4 ml) have an
expiry date of 2 years.

simultaneously on each side of the neck. A booster dose is
administered 4 to 6 weeks later and then annually. The vaccine
has been used in Kenyan horses and it was reported that no more
AHS fatalities had occurred since 2011 on 3 premises when our
vaccine was used. Serological follow-up investigations before and
after vaccination with CVRL vaccine using an antibody ELISA,
showed a 25.7% increase in antibody levels compared to antibody
levels in 67 polo horses which had been previously regularly
vaccinated with the Onderstepoort vaccines and a high antibody
level in foals and adult horses which had never been vaccinated
before.
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Endoparasites in donkeys are ubiquitous and may cause serious
disease. All common helminth parasites that affect horses also
infect donkeys, therefore donkeys that co-graze can act as a signiﬁcant source of infection for either species. Whilst donkeys are
prone to the same parasite species as horses infection characteristics and presenting signs and symptoms of disease may differ.
Large strongyles and cyathostomins are common in donkeys
worldwide with Strongylus vulgaris causing signiﬁcant disease in
donkeys with poor anthelmintic treatment history. Cyathostomins infect the majority of donkeys globally and may rarely cause
cyathostominosis or colitis; however signs and symptoms of both
can vary signiﬁcantly from those displayed in affected horses. The
signiﬁcance of low level cyathostomin infection on the donkey
host is unclear, many donkeys appear to thrive with high faecal
egg counts (> 3000epg) and when the donkey is in general good
health they may exist with high cyathostomin burdens with little
impact on their overall health. The donkey is renowned as the
reservoir host for the lungworm, Dictyocaulus arnﬁeldi. Mature
horses are not permissive hosts to the full life cycle of this parasite, but develop clinical signs on infection. In contrast, donkeys
are permissive hosts without displaying overt clinical signs and
act as a source of infection to co-grazing horses. Donkeys are also
susceptible to the ﬂukes, Fasciola hepatica and Fasciola gigantica
and may be an important reservoir host for both human and
herbivore infections particularly in developing countries. Finally,
Parascaris spp. infections in donkeys are common, however
infection is not only associated with young, immuno-compromised animals as seen in horses. Parascaris spp. infection is a
frequent ﬁnding in all age groups of donkeys. The inability of
many donkeys to develop lifelong immunity to Parascaris poses
problems when attempting to reduce transmission of this parasite in herds which include adult and young donkeys. Anthelmintic treatment is challenging as many anthelmintics are not
licensed for use in this species; however dosing should follow
best practice used in horses. Anthelmintic resistance is of
particular concern in donkeys with recent reports of lack of efﬁcacy of all anthelmintic classes in cyathostomins infecting donkeys. Control of parasites in donkeys must primarily focus on
reducing the risk of infection, maintaining good health and targeting drug treatments carefully. Donkeys can be co-grazed safely
with other species but careful monitoring and control should be
practiced to ensure that donkeys do not act as reservoirs of
infection to other, more susceptible animals. The importance of
parasite infection, particularly co-infection with multiple species
must be appreciated. Donkeys under stress due to malnourishment, infectious disease, overwork or neglect are at a high risk of
disease related to parasite infection and consideration must be
given to targeted treatments in such circumstances. Whilst the
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donkey remains a challenging parasite host following simple
control measures and improving the overall welfare of the donkey
will undoubtedly serve both the donkey and other species grazing
alongside.

screenings to establish FECR and track resistance are recommended so that the use of an alternative anthelmintic can be
considered where resistance is found.

084
Gastrointestinal parasite infestation and the efﬁcacy of
Fenbendazole and Ivermectin in working equids in
selected areas of Pakistan
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In developed countries there is evidence of resistance to key
equine anthelmintics, highlighting the importance of employing evidence-based deworming strategies. Although a few
studies are available for Pakistan (Waqas et al., 2014; Ahmed et
al., 2010) gastrointestinal parasite load in Brooke Pakistan’s
areas of operation and evidence of the efﬁcacy of available
anthelmintics has not been documented. The aim of this study
was to estimate gastrointestinal parasite load of working equids
in four of Brooke Pakistan’s operating areas and investigate the
efﬁcacy of Ivermectin and Fenbendazole. Fresh faecal samples
were collected from the ground for 186 horses, donkeys and
mules at Lahore, Multan, Gujranwala and Peshawar equine
welfare centres (EWCs) and examined using the McMaster
Technique. Animals with an egg count greater than 250 eggs
per gram (epg) were admitted to the centre, randomly allocated
a treatment group and a weight-appropriate dose of either
Ivermectin or Fenbendazole was administered. Fourteen days
later faecal egg counts were repeated and fecal egg count
reduction (FECR) was calculated. At all four EWCs Strongyles
were the most prevalent gastrointestinal worm (lowest Lahore
76%, highest Peshawar 88%). Parascaris equorum was the second
most prevalent species (lowest Gujranwala, highest Peshawar
69%) and Oxyuris equi was the least prevalent (Gujranwala, 11%,
all other EWCs 0%). Over a third of equids screened at each EWC
had an infestation intensity  250epg (lowest Lahore 35.5%,
highest Peshawar 83.6%). Median FECR was 100% at each EWC
for both Ivermectin and Fenbendazole however, the percentage
of individual animals with resistance at Peshawar (Ivermectin,
39%; Fenbendazole, 25%), Lahore (Fenbendazole, 44%) and
Multan (Ivermectin, 10%) suggest that resistance is a concern.
The ﬁndings of this study support previous studies indicating
disparity in resistance patterns between Pakistan and countries
in Europe and North America. Regionally variable evidence of
resistance to both Fenbendazole and Ivermectin in Pakistan
compounds the need for deworming strategies to be based on
context speciﬁc evidence. A Brooke Pakistan protocol has been
developed that discourages blanket deworming and proposes a
standardised procedure, such as the McMaster technique, be
used to establish individual animal worm burden before
deciding whether treatment is appropriate. Follow up
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Protozoal, EHV-1 and Japanese Encephalitis infection in
Qalander community, Northern India- seroprevalence
in 113 equids
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The Qalander are a nomadic community in Northern India that
rear equids especially mares and sell mule foals. Mortality and
morbidity of their animals are high, due in part to inaccessible
animal health services and use of traditional treatment methods.
In 2011, Brooke India (an equine welfare organisation) initiated a
study to investigate possible causes of death and abortion in this
equine population. Focus group discussions in 13 Qalander villages were conducted in April to May 2011. Between July and
August 2012, serological examination by the National Research
Centre on Equines was performed for animals with clinical presentation consistent with a diagnosis of trypanosomiasis (one or
more of: emaciation, petechial haemorrhage, anaemia, pyrexia
and incoordination). Focus group discussions in 2011 revealed, in
decreasing order of frequency, reasons for equid loss were
trypanosomiasis, abortion, neonatal isoerthrolysis, colic, tetanus,
accidental trauma, unknown dystocia, old age and rabies, based
on anecdotal description by community members. From total
population of 1423 in 2012, 113 equids had a clinical presentation
consistent with trypanosomiasis. Seventy (62%) animals were
positive for infectious disease on serology. All animals were tested
for trypanosomiasis (T. evansi) and EHV-1; 71 were also tested for
JE and Piroplasmosis (table one). These results reveal a complicated infection proﬁle over and above the original suspicion of
high trypanosomiasis prevalence. This has signiﬁcant

Table one: Number of animals that were positive on serology for each of the four diseases. Nine animals had mixed infections (i.e. are counted in the table
more than once).
Serological tests performed

Number of animals
No infection present

Trypanosomiasis

JE

Piroplasmosis

EHV-1

Tested for all four diseases
Only tested for trypanosomiasis and EHV-1
Total

21
22
43

17
16
33

4
NA
4

36
NA
36

2
4
6

S104

10th IEIDC Abstracts / Journal of Equine Veterinary Science 39 (2016) S98eS107

consequences when animals are treated based on clinical signs;
piroplasmosis and trypanosomiasis have different treatments,
both with potentially severe side effects. There are also important
implications for prevention strategies: trypanosomiasis and JE are
transmitted by ﬂying insects that breed in stagnant water; piroplasmosis is transmitted by ticks; EHV-1 is directly transmitted
between infected animals. This complex mix of epidemiological
proﬁles should be fully appreciated by veterinarians working
within these communities. There is a great need to understand
and mitigate these diseases. High rates of equine loss result in
huge economic cost for Qalander communities who are marginalised and poor. Additionally, their migratory nature poses an
infection risk to other animals in the country. This study highlights the importance of deﬁnitive diagnosis in these populations.
However as serological tests are not commonly available in these
regions there is a requirement to develop cheap, available and
accurate diagnostic tests.
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Persistence of equine piroplasmosis in horses in Nigeria
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The continuing prevalence of Equine Piroplasmosis (EP) in Nigeria
has important implications in the health and welfare of horses.
The non-speciﬁc clinical signs commonly seen in horses in Nigeria
including weight loss, lack of appetite and poor performance have
raised questions of the possible causes of these signs. A total of
572 horses showing non-speciﬁc signs were examined between
September 2007 to June 2014 from four widely separated states of
Nigeria in order to determine the prevalence of piroplasmosis
among polo and pleasure horses, and the clinical signiﬁcance of
the non-speciﬁc signs commonly observed in EP. The breeds of
horses sampled include West African dongola, Arabian, Sudan
country-bred and Argentine polo ponies. A detail history was
taken and a thorough physical examination was performed. A
direct examination of (n-156) the stained blood smears in 2007 to
2010 was carried out while c-ELISA (VMRD) was used to assay
samples studied between 2011 to 2014. Theileria equi and Babesia

Figure 1. Relaxation of the anal sphincter.Ă

Figure 2. Ocular discharge.Ă

caballi were demonstrated in examined stained blood smears
while the sera assayed with c-ELISA were also positive for both
Theileria equi and Babesia caballi. Tick infestation (Fig 3) was seen
in some cases. All the horses had a history of extensive travelling
within the year of study. Out of the 156 blood samples tested
between 2007-2010, 16(10.3%) were positive for Theileria equi,
while 4(2.7%) were positive for Babesia caballi. This demonstrated
that a total of 20(12.8%) out of 156 were positive. In 2011, 252
samples analyzed using c-ELISA where 196 (77.8%) were positive
for T. equi, while 12(4.8%) were positive for B. caballi. A total of 90
sera were assayed in 2013, with 54(60%) positive for T. equi while
3(3.3%) were positive for B. caballi. In 2014, 74 samples were
assayed(c-ELISA) with a prevalence of 31.3% (23) for T. equi and
there was no analysis was carried out to ascertain the prevalence
of B. caballi. The presence of a bilateral purulent ocular discharge
(Fig 2) was common among all the horses at the onset of EP
infection and relaxation of the anal sphincter (Fig 1) was common
among the Argentine polo ponies especially in acute and subacute forms of EP. The wide distribution of EP could be related to
the presence of the vectors. Also, there is a clear indication that
the non-speciﬁc signs have a positive clinical signiﬁcance with EP.
Finally, some of the horses that were negative for piroplasmosis
could actually be positive considering the fact that “carrier

Figure 3. Tick infestation at the base of the tail.Ă

10th IEIDC Abstracts / Journal of Equine Veterinary Science 39 (2016) S98eS107

horses” and in most cases of Babesia caballi, parasetemia is very
low and determination on stained blood smears is usually a
difﬁcult task.
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Atypical cases of equine Glanders could form a risk for
re-emerging Glanders disease worldwide
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Glanders disease (GD) is a notiﬁable contagious zoonotic disease
caused by Burkholderia mallei, a host-adapted intracellular bacterium mainly affecting equids in endemic areas (Africa, Middle
East and South America). Human infections may be fatal. In
horses, typical clinical signs are well described; the cutaneous
form, the (acute) nasal form, and the pulmonary form. Recently,
reports of GD cases in Germany highlighted the fact that this
disease can re-emerge in different parts of the world. Transmission occurs directly or indirectly through contact with skin
exudates and respiratory secretions. Secretions may contain large
numbers of organisms that may contaminate shared water and
feeding places. Carrier horses are an important reservoir of GD and
can periodically shed bacteria from the respiratory tract and, if not
identiﬁed as infected, may prove important in the transmission of
the disease. Hence, GD can be introduced into a country or region
where this disease has been extinct for decades. The aim of this
study is to describe cases of atypical GD, to create awareness of GD
disease and to minimize the risk of (re)-introduction of GD into
susceptible horse populations. In 2009, several outbreaks of GD
had been identiﬁed in Kuwait (horse population estimated 4200
horses). During this time, 22 horses were admitted to two Equine
hospitals for general clinical exam and, while not showing typical
signs of GD, samples were routinely collected and tested positive
for GD. Serological testing was performed by CFT according to OIE
requirements (sensitivity 97%, speciﬁcity 90%) and 19 cases were
conﬁrmed positive by cELISA (sensitivity 100%). The main clinical
signs of the 22 positive cases included mild fever (3), mild nasal
discharge (6), swollen distal limb (2), skin ulceration (2), or testing
for export purposes (8). All cases except 5 cases, may be classiﬁed
as carriers. For the purpose of this study, case details of 5 cases are
discussed: (1), a mild chronic cough (since importation) admitted
for endoscopy; (2), reduced appetite, for gastroscopy; (3), a mild
swollen hind limb; (4), mild fever for 3 weeks and (5), a ﬁrm
painful swelling at the mid-area of the neck and a non-speciﬁc
histopathology result. Signiﬁcant disease was noticed at some
point in time in all 5 atypical cases. It was concluded that GD
might take months to years to become recognizable, especially
when antimicrobials are administered simultaneously. Other risk
factors are varying virulence, low-sensitivity serologic assays
caused by the large varying incubation period, low prevalence,
ﬂuctuating antibody titres and the fact that veterinarians in GD
free countries are not familiar with GD. Therefore, current
increased worldwide travelling of horses as well as import and
temporary import of horses originating from OIE B listed countries
for breeding, training and competition, may carry a potential risk
of re-emerging Glanders disease into a region and secure importation rules are recommended.
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A little is known about the geo-spatial distribution of Burkholderia mallei in Punjab, Pakistan. B. mallei is a zoonotic
pathogen, causes glanders in equids. A study was conducted to
determine the geo-spatial distribution of B. mallei in soil samples collected from Punjab province of Pakistan. A total of 2,280
soil samples representing 456 villages of eight districts of the
Punjab province were examined using real time PCR-based
assay. It was observed that 11 (0.48%) of 2, 280 samples were
positive for B. mallei distributed in varied locations of Punjab.
The samples collected from Sheikhupura district showed higher
prevalence (2.37%) followed by Chakwal district (2.10%). None
of the soil samples from Gujranwala, Sahiwal, DG Khan, Attock,
Faisalabad and Sargodha were found positive for B. mallei (Fig.
1). The analysis of risk factors including distance from main
road 0.4101 (0.1197 - 1.4048), distance from canal / stream
1.4652 (0.4277 - 5.0191), distance from animal markets
1.4711(0.3169 - 6.8288), human density 2.2889 (0.4933 10.6200) and animal interaction 0.8717 (0.2653 - 2.8643)
showed no association with presence of B. mallei in the soil
samples. The ﬁndings of the study suggest that RT-PCR assay
can detect B. mallei in soil samples collected from Punjab
province. The observations made in this study can be used to
develop hypothesis for a more rigorous analytical epidemiological study to understand the role of biological reservoirs of B.
mallei and its occurrence in soil samples.
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Spatial distribution of Burkholderia mallei in Punjab,
Pakistan
Muhammad Asad Ali 1, Khushi Muhammad 1, Aftab Ahmad
Anjum 1, Mansur-ud-Din Ahmad 2, Masood Rabbani 3, Muhammad

Figure 1. Geospatial distribution of Burkholderia mallei DNA in soil samples
collected from eight districts of Punjab, Pakistan.
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Microevolution of Burkholderia mallei studied during
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Background and objectives: Glanders is a notiﬁable epizootic disease caused by Burkholderia mallei. The infection mainly affects
horses and donkeys, but sporadic cases in humans have been reported. The pathogen is a host-adapted lineage of B. pseudomallei
and developed by genome reduction, rearrangements and elimination of prophages. Both species are recognized biothreat agents.
Materials and methods: Donkeys and goats were infected intranasally with B. mallei strain Dubai7 and monitored for clinical signs
of illness. Subsequent genomic analyses comprised the initial
strain used for infection and 47 isolates that have been re-isolated
either from lesions or carcasses of 9 experimentally infected animals. Whole genome sequencing (WGS) was applied to selected
strains using PacBio RS II and Ion PGM platforms. Results: All
typical manifestations of the disease like mucopurulent nasal
discharge and pneumonia were observed (Fig. 1). We found 30
closely related but different clusters by MLVA23-typing, suggesting genomic alterations within repeat regions. By WGS extensive
deletions of up to 250k bp with the involvement of IS elements as
well as a series of single and multiple nucleotide exchanges were
determined. Conclusion: This study provides insights into microevolution of a zoonotic pathogen with a narrow ecological niche
within its natural host. Our ﬁndings reveal the enormous structural ﬂexibility of the genome, challenge the meaning of in-vitro
studies, and will have a strong impact on bioforensics.

Figure 1. Multiple subpleural pyogranulomatous nodules of various sizes in
a donkey lung 23 days p.i.
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Optimization of a ﬂuorescence-based assay for mass
drug screening against Babesia and Theileria
M.A. Rizk, S.A. El-Sayd, N. Yokoyama, I. Igarashi
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University of Agriculture and Veterinary Medicine, Obihiro,
Hokkaido, Japan
A rapid and accurate assay for evaluating novel compounds on a
large scale is required for the development of new chemotherapy
for piroplasmosis. In the present study, we evaluated the usefulness of a ﬂuorescence-based assay for determining the efﬁcacies
of drugs in in vitro cultures of Babesia caballi and Theileria equi.

Three different hematocrits (HCT), 2.5%, 5%, and 10%, were used
for in vitro screening assay without daily replacement of the
medium. Five % of HCT was the best for B. caballi and T. equi by
high-throughput screening assay. The IC50s of diminazene aceturate obtained by ﬂuorescence and microcopy did not differ
signiﬁcantly with 5% HCTs for B. caballi and T. equi. Likewise, the
IC50 values of luteolin, pyronaridine tetraphosphate, nimbolide,
gedunin, and enoxacin did not differ between the two methods.
Furthermore, using this high-throughput screening assay, we
evaluated the inhibitory effects of 400 anti-malarial compounds
(200 drug-like and 200 probe-like) against B. caballi and T. equi
from the Open Access Malaria Box. Fifty-three, 66 and 11 compounds showed strong inhibitory effects with nanomole levels of
IC50 against T. equi and B. caballi, and both protozoan parasites,
respectively. Among them, two compounds were identiﬁed with
mean selectivity indices (SI) greater than 250 and IC50s ranged
from 71 to 480 nM for T. equi and B. caballi. In conclusion, our
ﬂuorescence-based assay uses low HCT and does not require daily
replacement of culture medium, is highly suitable for in vitro
large-scale drug screening against B. caballi and T. equi.
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Chronic piroplasmosis diagnosis in healthy and
admitted at a teaching veterinary hospital horses by
splenic puncture
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Piroplasmosis is one of the most important tick-borne diseases.
It’s endemic at American countries. The disease is caused by
hemoprotozoan of the genus Babesia and Theileria. Equine pathogenic species are Babesia caballi and Theileria equi. Theileria
genus differs from Babesia genus for a pre erithrocytic phase in
vertebrate host (usually in lymphocytes). The disease is characterized by fever, anemia, depression, ataxia, anorexia, weakness,
epiphora, mucous nasal secretion, oedema, jaundice and hemoglobinuria. Clinical signs may be unspeciﬁc and variable. Most
common hematological changes are anemia, thrombocytopenia
and hemoglobin concentration decrease, neutropenia and limphopenia, decrease in plasmatic ﬁbrinogen, seric iron, phosphorus and increase of seric bilirubin. Parasitemia by B. caballi
may get to 1% instead, T. equi parasitemia will get to 7% been
considered a more severe disease leading to severe anemia and
death. Besides conventional treatment with babesicids drugs,
animals with severe disease may get support treatment and dietetic supply in order to proper recovery. Chronically infected
horses may or may not present clinical sign of the disease. Splenic
puncture technique has been described and used since the 1950’s
in humans to diagnose different hematological illness such as
limphosarcoma, leukemia, polycitemia vera, Gaucher’s disease. In
human medicine, reference values for different types of cells
recovered by splenic puncture are well established. Miranda et al.
(2014) say that the best place to do equids splenic puncture is
approximately ten centimeters below vertebral transverse processes of lumbar vertebras, in the 17th intercostal space. Splenic
blood smears are been used as an efﬁcient diagnostic method to
chronic/latent disease by B. caballi and T. equi. The aim of this
study was to evaluate presence of T. equi and/or B. caballi in
rio de
splenic blood of ﬁve animals admitted at Centro Univesita
’s Veterinary Medicine Teaching Hospital, and ﬁve healthy
Itajuba
rcia, Minas Gerais,
animal located in the municipality of Nate
Brazil. Splenic puncture was performed as described by Miranda
et al. (2014), for this, animal were properly restrained, than surgical antisepsis was performed in 17th intercostal space region. A
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30 mm x 0.8 mm needle was introduced in a 90º angle. Blood
sample was collect in syringe containing ACD anticoagulant.
Splenic blood smears were made and stained by modiﬁed
Romanowsky method. Blood smears were then analyzed by optic
microscopy. Inclusions of T. equi were observed in four of ﬁve
blood smears of admitted horses (80%) and in four of ﬁve of
healthy animals (80%). No B. caballi were observed. Total prevalence was 80%, when healthy and admitted horses were evaluated
together. All the admitted horses had no clinical signs of acute
piroplasmosis. We can conclude the apparently healthy horses
and admitted horses presented T. equi chronic/latent infection,
since, normally, animals are able to eliminate B. caballi infection, a
prevalence o 0% of infected animals was expected.
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Common infectious diseases of working donkeys: their
epidemiological and zoonotic role
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Over 38% of the world equine population (114 million) is made up
of donkeys and more than 97% are found in developing countries
and are speciﬁcally kept for work. Despite their signiﬁcant
contribution to the national economy, the attention given to study
the infectious diseases of working donkeys is minimal. To address
this The Donkey Sanctuary (DS) has been conducting studies in
collaboration with Addis Ababa and Nairobi Universities, Central
Veterinary Research Laboratory (CVRL) in Dubai and the Trypanosomosis Research Centre (TRC) in Kenya. These studies have
shown a high prevalence of some important infectious diseases.
Helminthosis: Helminth infection proﬁles of working donkeys
living in semi-arid or tropical conditions are often very different
from those of equids in temperate climates. They are often diagnosed with a high worm burden or faecal egg count irrespective
of their age. The high level of age-independent infection may
show that donkeys either do not develop protective immunity or
that they might have become immuno-compromised, consequent
upon the stress of their work intensity and/or undernourishment
and general poor husbandry. Trypanosomosis: Although there is a
general belief that donkeys are more resistant, trypanosomosis
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has been shown to cause severe clinical disease in working donkeys. Epidemiological studies in Ethiopia and Kenya have shown
that the prevalence of trypanosomosis was as high as 65%, often
with mixed infections of two or more species. In both countries T.
congolense was the predominant species followed by T. brucei and
T. vivax; often associated with anaemia and poor body condition.
Trypanosomosis is claimed by local farmers as the major health
constraint of donkeys in both countries. Recent serological studies
by the DS in collaboration with the CVRL showed a sero-prevalence of 1.1% (n¼662) T. equiperdum in Ethiopia. Piroplasmosis:
Equine piroplasmosis is one of the most signiﬁcant tick-borne
diseases of donkeys in Ethiopia and Kenya. Recent studies in
Ethiopia in collaboration with CVRL showed sero-prevalence of
53.3% to 58% T. equi and 13.2%-13.3% B. caballi (n¼15-395) Most of
the cases were associated with anaemia. Similar studies in Kenya
reported only T. equi with a sero-prevalence of 81.2% (n¼314).
Viral and bacterial diseases: A recent study in Ethiopia in
collaboration with CVRL showed a sero-prevalence of 8.5%
(n¼165) AHS, 84.6% (n¼104) EHV-4, 20.2% (n¼104) EHV-1, 0.5%
(n¼662) glanders and 0.2% (n¼657) EIA. Similar study made in
Kenya also showed a sero-prevalence of 35.2% (n¼398) AHS.
Donkeys showing typical clinical signs of AHS were noted in
Kenya and Ethiopia.

Fig.1. Suspected cases of AHS in Kenya (a) and Ethiopia (b).Ă

Although no epidemiological studies are available, cases of
tetanus, strangles, rabies, anthrax and dermatophilosis are common occurrences in donkeys. These studies highlight how
important infectious diseases in donkeys are and the need to
consider them in overall epidemiological studies and for sound
control and prevention strategies.

