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INTRODUCTION

In equine medicine one of the most important
areas is the field of infectious diseases. This field is
very dynamic and ever evolving with emerging
and fading diseases. Many professionals are
dedicated to equine infectious diseases ranging
from clinicians via laboratory diagnosticians to
pathologists. This book is the outcome of close
collaboration between a clinician and a
pathologist and as such positively affected the
selection of colour plates provided. Rapid
development of molecular biology techniques has
greatly improved diagnostic possibilities in equine
infectious diseases, and facilitates epidemiological
as well as zoonotic studies. In this book the
majority of equine infectious diseases are arranged
based on the various microbes and parasites
involved, using Fauquet et al. (2005) for the
classification of viruses, Garrity et al. (2004) for
the classification of the prokaryotes, and Kassai
(1999) for the classification of the helminths. In
the individual sections the opportunities available
for diagnosis of various causative agents using
molecular biology have been described. However,
these opportunities are usually limited by the
options provided by local diagnostic laboratories
and of course they should be contacted prior to
sample submission. Nevertheless, the mere
presence of a microbe and/or parasite in or on an
animal cannot be considered adequate evidence
that it is the aetiological agent of a disease that
may exist. Diagnostic aids must be used to
supplement, not supplant, clinical observations.

DISCLAIMER

The advice and information given in this book
are believed to be true and accurate at the time of
going to press. However, not all drugs,
formulations, and devices are currently available
in all countries, and readers are advised to check
local availability and prescribing regimens.

In order to support clinicians, a list of
differential diagnoses has been provided in
Appendix 1. Furthermore, Appendix 2 has been
provided in an attempt to update the current view
on zoonotic aspects of equine infectious diseases.
Appendix 3 emphasizes the importance of clinical
pathology in the diagnosis of infectious diseases.

The authors hope that this book will be helpful
for anyone dealing with equine infectious diseases
and suggestions to improve future issues are more
than welcome.

We sincerely acknowledge the contributions of
M. Aleman, C.M. Butler, A. van Dijk, G.C.M.
Grinwis, E. Gruys, M. Heinrichs, D. Kersten,
B. Malmhagen, K. Matiasek, G. Uilenberg,
E. Smiet, E. Teske, and V.M. van der Veen.

References and further reading
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Desselberger U, Ball LA (eds) 2005. Virus
Taxonomy. 8" Report of the International
Committee on Taxonomy of Viruses.
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Garrity GM, Bell JA, Lilburn TG 2004.
Taxonomic outline of the prokaryotes. In:
Bergey’s Manual of Systematic Bacteriology,
2d edn. Springer, New York.

Kassai T 1999. Veterinary Helminthology.
Butterworth-Heinemann, Oxford.



ABBREVIATIONS

ABL
ABV
ADV
AGID
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AHSV
Al
AIDS
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BAL
BCG
BDV
bid
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African horse sickness
African horse sickness virus
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bronchoalveolar lavage
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botulinum neurotoxin
bovine papillomavirus
body weight
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complement-dependent cytotoxicity
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electron microscopy
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MIC
MLST
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MRI
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equine protozoal myeloencephalitis
equine rhinitis A virus

equine rhinitis B virus
enterotoxigenic Bacteroides fragilis

extraintestinal pathogenic
Escherichia coli
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Fédération Equestre Internationale
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Staphylococcus aureus

haematoxylin and eosin

Hendra virus

haemagglutination inhibition
human immunodeficiency virus
Highlands J virus

hyperkalaemic periodic paralysis
inflammatory airway disease
immunofluorescence assay
indirect fluorescent antibody test
immunofluorescence test

immune globulin G induced by tetanus
toxoid

intramuscular
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intravenous

Japanese encephalitis virus

Kunjin virus

loop-mediated isothermal amplification
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IgM antibody capture
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multilocus sequence typing
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MRSA

MVA
MVE
NA
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NiVv
NSAID
OPV
PAGE
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PCR
PDD
PEP
PFGE
PFU
PMT
PO
PPIA
PRNT
PRV
RAO
RAPD
RFLP

RLB
RRV
RT
SC

methicillin-resistant Staphylococcus
aureus

modified vaccinia Ankara
Murray Valley encephalitis (virus)
North America

nucleic acid sequence based
amplification

Nipah virus

nonsteroidal anti-inflammatory drug
orthopoxvirus

polyacrylamide gel electrophoresis
periodic acid-Schiff

polymerase chain reaction
proventricular dilatation disease
post-exposure prophylaxis
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plaque-forming unit

Pasteurella multocida toxin
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pseudorabies virus
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TB
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severe combined immune deficiency
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synergistic haemolysis inhibition
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serum neutralization test
encoding gene of protein A

sequence-related amplified
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single radial haemolysis

single-strand conformation
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tuberculosis

transarterial coil embolization

trimethoprim-potentiated sulphonamide
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Usutu virus

vaccinia virus

Venezuelan equine encephalomyelitis

Venezuelan equine encephalomyelitis
virus

virus neutralization

vesicular stomatitis Indiana virus
vesicular stomatitis New Jersey virus
vesicular stomatitis virus

white blood cell

western equine encephalomyelitis virus
West Nile virus
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Bacterial diseases

Anaplasma phagocytophilum: EQUINE
ANAPLASMOSIS

Phylum BXII Proteobacteria

Class I Alphaproteobacteria/Order 11
Rickettsiales/Family II Anaplasmataceae/Genus I
Anaplasma

Definition/Overview

Equine anaplasmosis is a noncontagious infectious
disease of horses caused by Amnaplasma
phagocytophilum  (formerly named Ebrlichia
phagocytophila and Ebrlichia equi) identified as
emerging in Europe (Vorou ez al. 2007).

Aetiology

Equine anaplasmosis is caused by the obligate
intracellular bacterium A. phagocytophilum. Cross-
species differences in pathogenicity and ecologically
separate strains within this bacterial species appear
to exist (Franzén et al. 2005, Foley et al. 2009), as
two unique genetic variants infecting horses in the
Czech Republic were identified (Zeman & Jahn
2009). Horses inoculated with the human-derived
A. phagocytophilum agent results in clinical disease
largely indistinguishable from equine anaplasmosis
(Madigan et al. 1995). The mode of transmission is
unknown (but it is most likely a tick), although co-
infection with Borrelia burgdorferi is attributed to
their common vector. Ticks of the Ixodes ricinus
complex also act as vectors in the spread of B.
burgdorferi and co-infections of A. phagocytophilum
and B. burgdorferi have been confirmed in horses
(Chang et al. 2000, Magnarelli et al. 2000).

Epidemiology

Equine anaplasmosis was first described in the USA
in 1969 (Gribble 1969), and has since been reported
in other countries, including Switzerland, Sweden,
France, Germany, Italy, the UK, the Czech Republic,
and the Netherlands (Gerhards et al. 1987, Butler et
al. 2008, Zeman & Jahn 2009). Most infections
develop during the late fall, winter, and spring
(Madigan & Gribble 1987). I. ricinus is one of the
vectors of A. phagocytophilum in Europe, in which
rates of infection range from 1.9 to 34%. In 1997
only 0.4% of equine blood samples examined were
found positive for antibodies to A. phagocytophilum
in the Latium region (Lillini et al. 2006). However,
the rate of A. phagocytophilum antibody prevalence
in healthy horses on USA farms enzootic for
equine anaplasmosis can be as high as 10%
(Madigan ef al. 1990), whereas 9.8 % of horses with
fever of unknown origin tested positive for A.
phagocytophilum in the Netherlands (Butler et al.
2008).

Transmission and propagation of
A. phagocytophilum occur in large mammals such
as horses, cattle, sheep, goats, dogs, and cats. Small
mammals and not ticks are the reservoirs
of anaplasmosis (Lillini et al. 2006). Roe deer
are the main reservoir for A. phagocytophilum
in central Europe and Scandinavia, with a high
seroprevalence of about 95% and a variable rate of
polymerase chain reaction (PCR)-proven infection
ranging from 12.5% in the Czech Republic to
85.6% in Slovenia (Skarphedinsson et al. 2005).

The role of migrating birds in long-range tick
transfer may be important since the same A.
phagocytophilum gene sequences were detected in
infected ticks on migrating birds and in humans and
domestic animals in Sweden (Bjoersdorff ez al.
2001).
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1 Clinical signs
seen in equine
anaplasmosis
include distal
limb oedema.

Incubation period

The incubation period in experimentally infected
horses varies from 1 to 9 days (Stannard et al. 1969,
Franzén et al. 2005). One of two horses receiving
high dosage of infective blood (20 x 10°¢ infected
neutrophils) died suddenly and unexpectedly 2 days
into clinical illness (Franzén et al. 2005).

Clinical presentation

Clinical signs include high fever, depression,
inappetence,  petechiation, icterus, ataxia,
rhabdomyolysis, and distal limb oedema (1)
associated  with  lymphopenia, neutropenia,
thrombocytopenia, and  anaemia  (Gribble
1969, Madigan & Gribble 1987, Gerhards et al.
1987, Madigan 1993, Franzén et al. 2005, Butler ez
al. 2008, Hilton et al. 2008). Extensive urticaria may
also be associated with equine anaplasmosis (2). The

2 Equine anaplasmosis. The integument is irregular due to
generalized urticaria or hives (variably sized oedematous
bumps) especially apparent on thorax, neck, and proximal
extremities. A hypersensitivity reaction is implicated; this
feverish horse proved positive for Anaplasma
phagocytophilum.

3 Granulocytic anaplasmosis (ehrlichiosis). Equine

blood smear. The central neutrophil contains a cytoplasmic
ring-shaped inclusion consistent with Anaplasma
phagocytophilum. Inclusions may be detected in granulocytes
and are polymorphic, round, irregular to ring-shaped,
ranging from 0.75 to 3.5 um in diameter. Round to ovoid
morulae (2.5-3.5 um in diameter) are composed of small
granules. Single initial bodies measure approximately 0.5 um
in diameter. (May-Grinwald-Giemsa stain.)

disease can be self-limiting when untreated, and the
clinical signs abated and disappeared without
specific treatment 7-14 days after onset of the
disease (Gerhards et al. 1987, Gribble 1969). By 22
days after infection, in one study, all abnormal signs
associated with equine anaplasmosis had fully
abated in all surviving horses (Franzén et al. 2005).
However, infection with A. phagocytophilum can
persist in the horse for at least 129 days although the
continued presence of the organism is not associated
with detectable clinical or pathological abnormalities
(Franzén et al. 2009). It is unclear whether
horses younger than 3-4 years of age generally
experience less severe clinical disease (Gribble 1969,
Madigan & Gribble 1987, Butler et al. 2008).
Occasionally euthanasia is required because of
deterioration despite treatment (Butler ez al. 2008).
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4, 5 Granulocytic anaplasmosis (ehrlichiosis), cytology specimen from a blood smear containing several small bacterial

polymorphic cytoplasmic morulae (4, arrowhead) or single initial bodies (5, arrows) within neutrophils. Anaplasma

phagocytophilum. (May-Griinwald-Giemsa stain. Bars 10 um.)

6, 7 Granulocytic anaplasmosis (ehrlichiosis), cytology specimens from a blood smear with infected neutrophils, containing
an intracytoplasmic ring form (6, arrow) and clustered initial bodies (7, arrowhead) of Anaplasma phagocytophilum.

(May-Griinwald-Giemsa stain. Bars 20 um.)

Differential diagnosis

Clinical signs are similar to those caused
by infections with other pathogens such as
B. burgdorferi, B. caballi, Theileria equi, equine
herpesvirus, equine infectious anaemia virus, equine
arteritis  virus, viral  encephalitides and
Leptospiraceae (Butler ez al. 2008).

Diagnosis

Diagnosis of equine anaplasmosis is usually based on
the detection of characteristic cytoplasmic inclusion
bodies in peripheral blood (3-7); either morulae or
elementary bodies are seen. In the neutrophilic and
occasionally eosinophilic granulocytes on a Wright—
Giemsa- or haematoxylin and eosin (H&E)-stained
smear of peripheral blood (8) obtained during days
3-5 of fever during peak ehrlichiaemia (Gribble
1969, Madigan & Gribble 1987, Madigan

8 Granulocytic anaplasmosis (ehrlichiosis), cytology specimen
from a blood smear with three infected neutrophils each
containing different forms of A. phagocytophilum inclusions.
(May-Griinwald-Giemsa stain. Bar 20 um.)
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1993). Morulae (<4 wm in diameter) consist
of elementary bodies (<1 wm in diameter).
Microscopic interpretation of a buffy coat smear of
H&E-stained peripheral blood is a sensitive
and  practical  diagnostic  tool for  the
veterinarian considering possible infection with
A. phagocytophilum in horses with pyrexia, but
some cases may require PCR testing for diagnosis
(Butler et al. 2008, Hilton et al. 2008). In addition,
the PCR signal was consistently detected 2-3 days
before appearance of clinical signs and persisted 4—
9 days beyond abatement of clinical signs, whereas
diagnostic inclusion bodies (varying from 0.5-16%
of neutrophils) were first noted on average 2.6+1.5
days after onset of fever (Franzén ef al. 2005).
Horses seroconverted by 12-16  days
after inoculation, reaching maximal indirect
immunofluorescence assay (IFA) titres (up to
1:5,120) within 3-7 days from when seropositivity
was identified (Franzén et al. 2005). The indirect
fluorescent antibody titre to A. phagocytophilum
persists for approximately 300 days after
inoculation of the organism (Nyindo ez al. 1978).

Pathology

Macroscopically, oedema of the ventrum and limbs
may be present including subcutaneous petechiae.
Histologically there is evidence of vasculitides in the
affected subcutis (Jubb et al. 2007). During fever
rickettsial inclusions can be detected in granulocytes
of a blood smear, and are polymorphic, round,
irregular to ring-shaped, ranging from 0.75 to 3.5
um in diameter. Round to ovoid morulae (2.5-3.5
um in diameter) are composed of small granules.
Single initial bodies measure approximately 0.5 um
in diameter (Jubb et al. 2007).

Management/Treatment

The treatment of choice is oxytetracycline 7 mg/kg
BW 1V sid for 3-7 days to hasten recovery and
alleviate clinical signs (Madigan & Gribble 1987).
Clinical immunity in experimental horses was shown
to last 2 years (Gribble 1969).

Public health significance

Although five Anaplasmataceae members, including
A. phagocytophilum, E. chaffeensis, E. ewingii, E.
canis, and Neorickettsia sennetsu infect humans,
only the first three species have been investigated
fully. All forms of human ehrlichiosis share many
clinical and laboratory manifestations, including
fever, headache, myalgia and malaise,
thrombocytopenia, leucopenia, and indices of
hepatic injury (Dumler et al. 2007).

Neorickettsia risticii: POTOMAC HORSE
FEVER

Phylum BXII Proteobacteria

Class I Alphaproteobacteria/Order 11
Rickettsiales/Family IT Anaplasmataceae/Genus
V Neorickettsia

Definition/Overview

Potomac horse fever (also known as equine
monocytic ehrlichiosis) is an acute and potentially
fatal equine disease associated with depression,
anorexia, fever, dehydration, laminitis, abortion, and
watery diarrhoea (Holland et al. 1985, Rikihisa et
al. 1985) caused by Neorickettsia risticii (formerly
Ebrlichia risticii).

Aetiology

N. risticii is an obligate intracellular bacterium of the
Anaplasmataceae family in the order Rickettsiales.
The organism has an unique affinity for monocytes
and during the course of the disease and among
horses, monocyte counts are variable, but they
increase to 13% in some horses (Dutta et al. 1988).
Characteristic cytoplasmic inclusion bodies (either
morulae or elementary bodies) occur in the
monocytes from peripheral blood during peak
ehrlichiaemia. Morulae (less than 4 um in diameter)
consist of elementary bodies (less than 1 um in
diameter) (Holland et al. 1985). The complete
genome sequence of N. risticii consists of a single
circular chromosome of 879, 977 base pairs and
encodes 38 RNA species and 898 proteins.
Comparison with its closely related human pathogen
N. sennetsu showed that 758 (88.2%) of protein-
coding genes are conserved between N. risticii and
N. sennetsu (Lin et al. 2009).

Epidemiology

It has been shown that the trematode Acanthatrium
oregonense is a natural reservoir and probably a
vector of N. risticii, as N. risticii is vertically
transmitted (from adult to egg) in A. oregonense
(Gibson et al. 2005). In addition, caddisflies were
reported as second intermediate hosts of N. risticii-
infected trematodes by carrying infected
metacercariae (Madigan et al. 2000, Mott et al.
2002). Furthermore, N. risticii can also be
transmitted horizontally from trematode to bats
(Gibson et al. 2005). N. risticii has not been reported
outside the USA.
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Incubation period

The incubation period varies from 3 to 9 days.
Major clinical and haematological features of
induced N. risticii infection are biphasic increase in
rectal temperature (with peak increases to 38.9°C
and 39.3°C on post-inoculation days 5 and 12,
respectively), depression, anorexia, decreased white
blood cell (WBC) count (maximal decrease of 47%
on post-inoculation day 12), and diarrhoea from
post-inoculation days 14 to 18. Increased WBC
count was an inconsistent feature with a maximal
increase of 52% on post-inoculation day 20 (Dutta
et al. 1988).

Clinical presentation
Under field conditions, N. risticii infection is
characterized by increased rectal temperature, anorexia,
depression, leucopenia, and then diarrhoea (9).
Occasionally horses develop profound ileus and
severe colic (10) (Whitlock & Palmer 1986, Palmer
et al. 1986). Diarrhoea developed in 73% of horses
and mortality was 9% (Dutta et al. 1988). Laminitis
and limb oedema are often seen as a sequel to N.
risticii infection, and mortality is 10-20%
(Whitlock & Palmer 1986). However, clinically
undetectable infections exist (Ristic et al. 1986). In
utero infection (Dawson et al. 1987) has also been
reported as well as abortion (81 days post-infection)
with recovery of the organism from the bone
marrow of a fetus on the 200" day of gestation
(Long et al. 1992).

Differential diagnosis
The differential diagnosis includes various causes of
acute diarrhoea (see p. 263).

9 Diarrhoea develops in the majority of horses suffering from
Potomac horse fever.

L I e A .
10 Colic can be noticed as an initial sign of Potomac horse
fever.
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11, 12 Ulcerative colitis. The colon is severely congested with prominent distended mesocolonic lymph vessels (11). The mucosa is

thickened and oedematous with multiple mucosal ulcerations and haemorrhages (12). These lesions may be indicative of Potomac

horse fever.

Diagnosis

Using mice inoculation, N. risticii was first detected
in the blood on post-inoculation day 10, peaked on
post-inoculation day 19, and was not detectable after
post-inoculation day 24. The N. risticii titre was
maximal during the peak increase in rectal
temperature, and infected horses seroconvert as
detected by IFA assay and enzyme-linked
immunosorbent assay (ELISA) with antibody titres
between 1:160-1:640 and >1:5,000, respectively
(Dutta et al. 1988).

For diagnosis, preference is given to culture
or PCR. PCR was successfully used to detect
the organism directly from the blood buffy coat cells
of infected horses. It was estimated that buffy coat
cells obtained from less than 1 ml of blood from
infected horses was adequate for the detection of N.
risticii (Biswas et al. 1991). N. risticii was detected in
the blood by nested PCR in 81% of the culture-
positive clinical specimens, indicating that the nested
PCR is as sensitive as culture for detecting infection
with N. risticii (Mott et al. 1997). However,
characteristic cytoplasmic inclusion bodies (either
morulae or elementary bodies) can be visualized in
the monocytes on a Wright-Giemsa- or H&E-
stained smear of peripheral blood obtained during
peak ehrlichiaemia (Holland ez al. 1983).

Pathology

Pathological features usually observed are mild
to moderate typhlitis and colitis, with congested and
ulcerated mucosae (11, 12), most prominent in the
right dorsal colon, and mesenteric lymphadenopathy.
Similar less grave lesions may be present in the
stomach and small intestine. Subcutaneous oedema
and laminitis may be accompanying gross features.
Microscopically, intestinal lesions are composed of

mucosal congestion and haemorrhages with
superficial epithelial erosive to necrotizing lesions
and fibrin deposits. Furthermore, crypt abscesses and
mixed inflammatory hypercellularity of the lamina
propria may be present. Rickettsial clustered
organisms of <1 um can be identified in special silver
stains within the apical cytoplasm of cryptal
enterocytes and in macrophages in the lamina
propria (Jubb et al. 2007).

Management/Treatment

The only effective treatment is the administration of
tetracycline in the early stages of the disease as there
is no truly effective vaccine available (Dutta et al.
1998, Rikihisa et al. 2004). IV administration of
oxytetracycline (6.6 mg/kg BW sid for 5 days) is an
effective treatment when given early in the clinical
course (Palmer et al. 1992). There is protective
immunity against N. risticii infection, as evidenced
by clinical resistence to reinfection for as long as 20
months after the initial infection (Palmer et al. 1990).
Despite treatment with oxytetracycline (6.6 mg/kg
BW bid IV beginning 14 hours before inoculation
and continuing for 10 days) before inoculation, the
antigenic stimulation was sufficient to induce such
protective immunity (Palmer et al. 1988).

Public health significance
Not convincing as yet.
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Bartonella henselae: BARTONELLOSIS

Phylum BXII Proteobacteria

Class I Alphaproteobacteria/Order VI
Rhizobiales/Family III Bartonellaceae/Genus I
Bartonella

Definition/Overview

Bartonella spp. are associated with an extended
animal host range (including equines) and are
identified as emerging in Europe (Vorou et al. 2007).

Aetiology

Bartonella (formerly Rochalimaea species) spp. are
members of the a-proteobacteria group that includes
the genera Rickettsia, Ebrlichia, Brucella, and the
plant pathogen Agrobacterium tumefaciens. They
are fastidious, Gram-negative short-to-spirillar
bacteria that occur in the blood of man and other
mammals; they are usually vector borne but can also
be transmitted by animal scratches and bites from
haematophagous insects, such as sandflies
(Lutzomyia spp.), fleas, and lice (Maguifia et al.
2009).

Incubation period
Not established in the equine species yet.

Clinical presentation

B. henselae was isolated from the blood of a horse
with chronic arthropathy and a horse with
presumptive vasculitis (Jones et al. 2008).

Diagnosis
Blood samples can be tested for the presence
of Bartonella spp. by a combination of multiplex

real-time PCR and enrichment culture technique
(Jones et al. 2008).

Pathology

B. henselae infection caused abortion of a foal
exhibiting necrosis and vasculitis in multiple tissues,
with intralesional Gram-negative short-to-spirillar
bacteria (Johnson et al. 2009).

Management/Treatment

Human Bartonella isolates are highly susceptible to
antibiotics, including most of the beta-lactams, the
aminoglycosides, the macrolides, doxycycline, and
rifampicin (rifampin) (Maurin et al. 1995).

Public health significance

The bartonelloses of medical importance comprise
Carrién’s disease, trench fever, cat-scratch disease,
bacillary angiomatosis, and peliosis hepatis.
The Bartonella spp. are considered emerging human
pathogens (Maguifa ef al. 2009). B. henselae has
been identified as the causative agent of cat-scratch
disease. On the other hand B. quintana which causes
the body lice-mediated trench fever in humans
and had no known animal reservoir, was shown to
infect a domestic cat (Vorou et al. 2007).
Furthermore, Bartonella spp. were first recognized
to cause endocarditis in humans in 1993 when cases
caused by B. quintana, B. elizabethae, and
B. henselae were reported. Since the first isolation of
B. vinsonii subsp. berkhoffii from a dog with
endocarditis, this organism has emerged as an
important pathogen in dogs and an emerging
pathogen in people (Chomel ez al. 2009).
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Brucella spp.: BRUCELLOSIS

Phylum BXVII Spirochaetes

Class I Alphaproteobacteria/Order VI
Rhizobiales/Family IV Brucellaceae/Genus I
Brucella: Gram-negative aerobic rods and cocci

Definition/Overview

Coincidental infection in horses caused by various
bacteria of the genus Brucella is especially associated
with abortion and fistulous withers. Brucellosis has
important public health significance and is a
reportable disease.

Aetiology

Brucellae are facultative intracellular, Gram-negative,
partially acid-fast coccobacilli. The bacterium is 0.5—
0.7 wm in diameter and 0.6-1.5 um in length. They
are oxidase, catalase, and urease positive. Brucella
species considered important agents of human
disease include B. melitensis, B. abortus, and B. suis
(Ekers 1978, Mohandas et al. 2009). Isolation of B.
suis biotype 1 (Cook & Kingston 1988) and
B. abortus biotypes 1, 2, and 4 (Ekers 1978,
Carrigan et al. 1987) was reported from horses.

Epidemiology

The epidemiology of human brucellosis, the
commonest zoonotic infection worldwide, has
drastically changed over the past decade because of
various sanitary, socioeconomic, and political
reasons, together with the evolution of international
travel. Several areas traditionally considered to be
endemic, such as France, Israel, and most of Latin
America, have achieved control of the disease. On
the other hand, new foci of human brucellosis have
emerged, particularly in central Asia, while the
situation in certain countries of the near East (e.g.
Syria) is rapidly worsening (Pappas et al. 2006). B.
melitensis biovar 3 is the most commonly isolated
species from animals in Egypt, Jordan, Israel,
Tunisia, and Turkey (Refai 2002). The
seroprevalence of Brucella species among horses in
Jordan was 1% and 8.5% in donkeys. Contact with
small ruminant herds with a history of brucellosis
was associated with a high odds ratio (20 and 81 for
horses and donkeys, respectively) for Brucella
seropositivity in equids (Abo-Shehada 2009). It has
been suggested that equines with a seroprevalence
rate of 0.2% are not a reservoir of brucellosis and
do not play an important role in the epidemiological
patterns of this disease in northeastern Mexico
(Acosta-Gonzalez et al. 2006), with horses in Latin
America mainly infected with B. abortus and B. suis
(Lucero et al. 2008).

In horses admitted for evaluation of fistulous
withers, 38% tested for antibody to B. abortus were
seropositive. Horses that tested seropositive were
significantly more likely to have been pastured with
cattle that were seropositive for B. abortus, and were
also significantly more likely to have had
radiographic evidence of vertebral osteomyelitis than
were horses that tested seronegative (Cohen et al.
1992).

Pathophysiology

These bacteria do not produce classical virulence
factors, and their capacity to survive and replicate
successfully within a variety of host cells underlies
their pathogenicity. Extensive replication of the
Brucellae in placental trophoblasts is associated with
reproductive tract pathology in natural hosts, and
prolonged persistence in macrophages leads to the
chronic infections that are a hallmark of brucellosis
in both natural hosts and humans (Roop et al. 2009).

Incubation period

Experimental intraconjunctival infection of
horses with B. abortus revealed no appreciable
clinical signs up to 30 months except mild
pyrexia (MacMillan et al. 1982, MacMillan &
Cockrem 1986).

Clinical presentation

The clinical signs of the disease are variable, but
include fistulous withers (Cohen et al. 1992),
abortion (Shortridge 1967, McCaughey &
Kerr 1967), arthritis (Carrigan et al. 1987), and
vertebral osteomyelitis (Collins ez al. 1971).

Differential diagnosis
The differential diagnosis predominantly includes
various causes of abortion and fever (see p. 263).

Diagnosis

The diagnosis is based on a positive culture of the
bacterium and/or seroconversion as assessed by a
complement fixation test eventually combined with
a positive reaction to the intradermal skin test.
However, an intradermal skin test was positive in
infected adults only, and negative in all foals tested
(MacMillan & Cockrem 1986).

Antibodies to B. abortus became detectable from
the second week after inoculation. Titres in the
serum agglutination and complement fixation tests
declined substantially after 6-8 weeks but reactions
to the Coombs antiglobulin, 2-mercaptoethanol, and
immunodiffusion tests were maintained (MacMillan
et al. 1982). Of interest, genus-specific real-time PCR
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assays, e.g. based on the besp31 gene, will lead to an
early diagnosis but for the purpose of
epidemiological surveillance a species-specific real-
time PCR deriving from the conventional AMOS
(AbortusMelitensisOvisSuis)-PCR  is  necessary
(Al Dahouk et al. 2004).

Pathology

Post-mortem examination of a foal suffering from
brucellosis disclosed granulomatous lesions in the
lungs, liver, testes, and metatarsophalangeal synovial
membranes. B. abortus identical with strain 544 was
recovered from lymphoid and other tissues
(MacMillan & Cockrem 1986).

Management/Treatment

Horses with a tentative diagnosis of brucellosis
should be isolated to prevent possible human
exposure. Treatment should not be attempted as the
pathogen has important public health significance
and brucellosis is a reportable disease. The most
commonly used veterinary vaccines are B. abortus
S$19 and B. melitensis Rev.1 vaccines. B. abortus
RB51 vaccine is used in some countries on a small
scale. Vaccination is limited to cattle and small
ruminants (Refai 2002). Five horses that were
seropositive for B. abortus were administered strain
19 Brucella vaccine SC (n = 1) or IV (n = 4). The
horse treated by SC injection of vaccine improved
during hospitalization, but was lost to follow-up
evaluation. Three of four horses treated by
IV injection died, but one horse recovered within 4
weeks of treatment (Cohen et al. 1992).

Public health significance

Brucellosis has important public health significance.
Brucellosis, especially caused by B. melitensis
particularly biovar 3 (Refai 2002), remains one of
the most common zoonotic diseases worldwide with
more than 500,000 human cases reported annually
(Seleem et al. 2010). Involvement of the
musculoskeletal system is the most common
complication of human brucellosis, while
neurobrucellosis (like meningitis) and endocarditis
are life-threatening complications (Ranjbar et al.
2009).

Cardiovascular complications occur in <2 %, but
account for most of the mortality. Brucella
endocarditis usually involves normal native aortic
valves in 75% of cases. A combination of antibiotics
and valve replacement is the most acceptable
treatment (Mohandas et al. 2009). Cutaneous
manifestations including erythema nodosum are not
specific and affect 1-14% of patients with

brucellosis (Mazokopakis et al. 2003). Uveitis is also
seen (Rolando et al. 2009). The standard treatment
for acute and chronic brucellosis is a combination of
doxycycline with a second drug such as rifampicin
or gentamicin, in order to treat and to prevent
complications and relapse (Sakran et al. 2006).

7
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Burkholderia mallei: ‘GLANDERS’
Phylum BXVII Spirochaetes

Class II Betaproteobacteria/Family
Burkholderiaceae/Genus I Burkholderia: Gram-
negative aerobic rods and cocci

Definition/Overview

Glanders is an ancient, highly fatal, and usually
chronic respiratory disease of solipeds caused
by Burkholderia mallei (formerly Pseudomonas
mallei) with humans being accidental hosts. The
diagnosis is based on the presence of characteristic
stellate scars in the nasal septum and a positive
reaction to the mallein test, combined with a positive
culture of B. mallei. Human infections are often fatal
if untreated.

Aetiology

B. mallei is a facultative rod-shaped Gram-negative
nonspore-forming, nonmotile, intracellular pathogen
that can invade, survive, and replicate in epithelial
and phagocytic cell lines (Ribot & Ulrich 2006). It is
an obligate animal pathogen whose natural hosts are
horses, donkeys, and mules, but infections can also
occur in felines, camels, and goats. Virulence in
B. mallei is multifactorial and several virulence
determinants have been identified and characterized
(Schell ez al. 2007). Seventeen distinct ribotypes were
identified from human and equine infections (Harvey
& Minter 2005).

Epidemiology

Glanders is endemic in Africa, Asia, the Middle East,
and Central and South America. Carriers that have
made an apparent recovery from the disease are the
most important source of infection, as the pathogen

does not survive for more than 6 weeks outside the
host (Lehavi et al. 2002).

Pathophysiology

Equines are generally infected orally (Schell et al.
2007). Following penetration of the mucosae, the
pathogen is spread via the lymphatic tissues.

Incubation period

The incubation period varies from 1 to 2 days
following intratracheal deposition, with rectal
temperatures increased to above 40°C (Lopez et al.

2003).

Clinical presentation

Clinical signs include febrile episodes, cough, blood-
encrusted material on nostrils, inflammatory nodules
and ulcers developed in the nasal passages with a
sticky yellow discharge, characteristic stellate scars
in the nasal septum, purulent nasal discharge,
enlargement of submaxillary lymph nodes, chronic
lymphangitis, skin abscessation, progressive debility,
orchitis, and dyspnoea associated with interstitial
pneumonia. Furthermore, apparent neurological
degeneration is seen in acute glanders (Lopez et al.
2003). Life expectancy was judged likely to have
been less than 12 hours in B. muallei inoculated
horses due to subsequent pulmonary oedema (Lopez
et al. 2003).

Differential diagnosis
The differential diagnosis includes various causes of
fever and dyspnoea (see p. 262).

Diagnosis

The presence of stellate scars in the nasal septum is
regarded as pathognomonic. B. mallei can be
cultured easily from purulent nasal discharge and the
complement fixation test can be used for serology.
Furthermore, the mallein test can also be used to
identify infected horses; purulent exudate in the eye
associated with blepharospasm of a glanderous
animal 24-48 hours following subconjunctival
inoculation is regarded as a positive test result.
Alternatively, the intracutaneous mallein test can be
used with an increase in rectal temperature and a
swelling at the point of injection regarded as a
positive test result (Arun et al. 1999). When tested
comparatively with Dutch PPD mallein as standard,
trichloroacetic acid-precipitated proteins were
comparable to Dutch PPD mallein in potency and
innocuity, whereas ammonium sulphate-precipitated
proteins elicited nonspecific reactions (Verma et al.
1994).

Competitive enzyme-linked immunosorbent assay
(cELISA) test specificity for B. mallei was 99%.
Concordance and kappa value between the
complement fixation (CF) and the CcELISA
procedures for the serodiagnosis of B. mallei
infection in experimentally exposed horses were
70% and 0.44, respectively (Katz et al. 2000). The
cELISA offers the possibility for automatization, can
be applied to noncomplement fixing sera, and used
for various host species although the complement
fixation test (CFT) is internationally mandatory for
testing of equine sera for the absence of glanders to
date (Sprague et al. 2009).
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13 Hypopyon, suppurative uveitis. The anterior eye chamber
is blurred with specks of a fibrinopurulent exudate. From
this foal Burkholderia cepacia was isolated. Members of the

B. cepacia complex are regarded as opportunistic pathogens.

Hydrolysis probe-based real-time PCR using the
uneven distribution of type III secretion
system genes afforded considerable improvements
in the specificity and rapidity of the diagnosis of
B. pseudomallei, B. mallei, and B. thailandensis,
and allows rapid discrimination from opportunistic
pathogens such as members of the B. cepacia
complex (13), that routine diagnostic laboratories
are more likely to encounter (Thibault et al. 2004).

Pathology

B. mallei infection results in pyogranulomatous and
necrotic pulmonary nodules, and ulcerative nodular
skin and respiratory mucosal lesions with
characteristic white stellate scars in the nasal septum.
Histologically, lung lesions comprise liquefactive
necrosis including neutrophils and surrounding
epithelioid macrophages and fibrosis. The dermal
disease of ulcerations including lymphangitis is
named ‘farcy’ (Jubb et al. 2007). Remarkably,
Streptococcus equi subsp. zooepidemicus was
isolated from the brain of all B. mallei inoculated
horses (Lopez et al. 2003).

Management/Treatment

Horses with a tentative diagnosis of glanders should
be isolated to prevent possible human exposure.
Treatment should not be attempted as the pathogen
has important public health significance and
glanders is a reportable disease.

Public health significance

Humans are accidental hosts of B. mallei and the
majority of cases have been the result of
occupational contact with infected horses. Whereas
equines are generally infected orally, the primary
route of infection in humans is contamination of skin
abrasions or mucous membranes with nasal
discharge or skin lesion exudate from an infected
animal (Schell et al. 2007). Person-to-person spread
of B. mallei is extremely rare. In humans, glanders
is characterized by initial onset of fever, rigors and
malaise, culminating in a rapid onset of pneumonia,
bacteraemia, pustules and abscesses, leading to death
in 7-10 days without antibiotic treatment. The
course of infection is dependent on the route of
exposure. Direct contact with the skin can lead to a
localized cutaneous infection. Inhalation of aerosol
or dust containing B. mallei can lead to septicaemic,
pulmonary, or chronic infections of the muscle, liver,
and spleen. The disease has a 95% case fatality rate
for untreated septicaemia infections and a 50% case
fatality rate in antibiotic-treated individuals
(Mandell et al. 1995). Burkholderia infections are
difficult to treat with antibiotics and no vaccine
exists (Whitlock et al. 2007).
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Burkholderia pseudomallei: MELIOIDOSIS
Phylum BXVII Spirochaetes

Class II Betaproteobacteria/Family
Burkholderiaceae/Genus I Burkholderia: Gram-
negative aerobic rods and cocci

Definition/Overview

Melioidosis is a rare disease caused by Burkholderia
pseudomallei (formerly Pseudomonas pseudomallei)
characterized by an intracellular life cycle. Both
humans and animals (including birds, crocodiles,
and kangaroos) are susceptible to melioidosis with
both latency and a wide range of clinical
manifestations. Some species may develop
melioidosis only if immunocompromised. Sheep,
goats, and horses are particularly susceptible,
but zoonotic transmission to humans is
extremely unusual (Neubauer et al. 1997, Choy et al.
2000). Melioidosis has important public health
significance and is a reportable disease.

Aetiology
B. pseudomallei is a Gram-negative, bipolar-staining,
pleomorphic, motile bacillus, which is principally an
environmental  saprophyte  responsible  for
melioidosis.

Epidemiology

This saprophyte inhabitant of telluric environments
is mainly encountered in southeast Asia and northern
Australia, but is sporadically isolated in subtropical
and temperate countries (White 2003). Melioidosis
has become an increasingly important disease in
endemic areas such as northern Thailand and
Australia (Currie et al. 2000a). In endemic areas, the
positive rates of antibodies against B. pseudomallei
in humans, horses, oxen, and pigs were 4-15%, 9—
18%, 7-33%, and 35%, respectively (Li et al. 1994).

Pathophysiology

Following ingestion via contaminated soil or faeces,
a diverse assortment of virulence factors (quorum
sensing, type III secretion system, lipopolysaccharide
and other surface polysaccharides) allows B.
pseudomallei to become an effective opportunistic
pathogen; its intracellular life cycle also allows it to
avoid or subvert the host immune system (Adler et
al. 2009, Wiersinga & van der Poll 2009). The BoaA
and BoaB genes specify adhesins that mediate
adherence to epithelial cells of the human respiratory
tract. The BoaA gene product is shared by B.
pseudomallei and B. mallei, whereas BoaB appears
to be a B. pseudomallei-specific adherence factor
(Balder et al. 2010).

Incubation period

This is not established in the equine species yet. The
incubation period in man from defined inoculating
events was previously ascertained as 1-21 (mean 9)
days (Currie et al. 20000).

Clinical presentation

Clinical signs include fever, septicaemia, oedema,
colic, diarrhoea, and lymphangitis of the legs. A case
of acute meningoencephalomyelitis caused by
infection with B. pseudomallei has been described
associated with inability to stand, opisthotonus,
facial paralysis (14) and nystagmus, rapidly
progressing to violent struggling (Ladds ez al. 1981).

Differential diagnosis

The differential diagnosis includes various causes of
internal abscessation (without characteristic stellate
scars in the nasal septum as seen in B. mallei) (see p.
262). Listeriosis should be considered in a case of
meningitis.

Diagnosis

B. pseudomallei can be cultured easily from purulent
nasal discharge. The diagnosis is based on a positive
reaction to the mallein test combined with a positive
culture.

14 Facial paralysis is associated with equine melioidosis.
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Hydrolysis probe-based real-time PCR methods
using the uneven distribution of type III secretion
system genes afford considerable improvements
in the specificity and rapidity of the diagnosis of
B. pseudomallei, B. mallei, and B. thailandensis and
allow rapid discrimination from opportunistic
pathogens, such as members of the B. cepacia
complex (15, 16), that routine diagnostic labora-
tories are more likely to encounter (Thibault ez al.
2004).

Pathology

Multiple abscesses in most organs are characteristic
of the disease. The encapsulated nodules with
caseous centres are composed of necrosis,
neutrophils, lymphocytes, and epithelioid macro-
phages. In a case of acute meningoencephalomyelitis
gross examination revealed malacia and
haemorrhage in the medulla oblongata and adjacent
spinal cord. Microscopically there were disseminated
focal neutrophilic accumulations in affected areas,
perivascular cuffing with mononuclear cells and
lymphocytes, and marked oedema. Intracellular
bacteria were identified in sections stained by the
Giemsa method (Ladds et al. 1981).

Management/Treatment
Horses with a tentative diagnosis of melioidosis
should be isolated to prevent possible human
exposure. Treatment should not be attempted as the
disease has important public health significance.
Furthermore, the ubiquitous bacterium is
characterized by remarkable insensitivity to
antimicrobial drugs. For instance, B. pseudomallei is
intrinsically resistant to aminoglycosides and
macrolides, mostly due to AmrAB-OprA efflux
pump expression (Trunck et al. 2009).
Immunization with heat-inactivated B. pseudo-
mallei cells provided the highest levels of protection
against either melioidosis or glanders, indicating
longer-term potential for heat-inactivated bacteria
to be developed as vaccines against melioidosis and
glanders (Sarkar-Tyson et al. 2009).

Public health significance

Melioidosis has important public health significance
and is a reportable disease. It is a life-threatening
disease that is mainly acquired through skin
inoculation or pulmonary contamination, although
other routes have been documented (Neubauer et al.
1997). Primary skin melioidosis occurred in 12% of
human patients. Secondary skin melioidosis
(multiple pustules from haematogenous spread) was
present in 2%. Patients with primary skin
melioidosis were more likely to have chronic
presentations (duration of a minimum of 2 months)

15 Necrosuppurative bronchopneumonia in a foal. The
cranioventral lung field is hyperaemic, consolidated, and firm.
Lesions resemble pulmonary lesions in melioidosis. From this
foal Burkholderia cepacia was isolated.

16 Necrosuppurative bronchopneumonia in a foal. The
cranioventral lung lobes show on cut section a well-delineated
hyperaemic area enclosing pale yellow, variably sized,
caseating, coagulative, necrosuppurative sequesters of
remnant pulmonary parenchyma. Lesions resemble
pulmonary lesions in melioidosis. From this foal Burkholderia
cepacia was isolated.

(Gibney et al. 2008). Severe septicaemia secondary
to melioidosis carries a high mortality. Although
melioidosis can involve most tissues and organs,
pericardial involvement is rare (De Keulenaer et al.
2008). Of human cases, 46 % were bacteraemic and
19% died (Currie et al. 2000a).
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Bordetella bronchiseptica

Phylum BXVII Spirochaetes

Class II Betaproteobacteria/Family

III Alcanigenaceae/Genus Il Bordetella: Gram-
negative aerobic rods and cocci

Definition/Overview
The opportunistic bacterium Bordetella bronchi-
septica is a rare cause of acute respiratory disease
and abortion/infertility.

Aetiology

Pasteurellaceae are Gram-negative bacteria with an
important role as primary or opportunistic, mainly
respiratory, pathogens in domestic and wild animals.
Some species of Pasteurellaceae cause severe diseases
with high economic losses in commercial animal
husbandry and are of great diagnostic concern
(Dousse et al. 2008). Sixteen distinct ribotypes were
identified in B. bronchiseptica strains (Register et al.
1997). Four main types of variation of the
B. bronchiseptica lipopolysaccharide (LPS) are
apparent: (1) heterogeneity of the core, (2) presence
or absence of 0-chains, (3) differences at the level of
the hinge region between the 0-chain and the core,
and (4) differences in the association with other cell
surface constituents. Isolates from different animal
species did not show significant differences in their
patterns of reactivity with monoclonal antibodies
(LeBlay et al. 1997).

Epidemiology

Glucose nonfermenting Gram-negative bacilli have
been recognized as opportunistic pathogens of
humans. The most common veterinary glucose
nonfermenting ~ Gram-negative  bacilli ~ were
Pseudomonas aeruginosa, Acinetobacter calcoaceticus,
B. bronchiseptica, and Pseudomonas pseudoalcaligenes.
Of all clinical veterinary specimens submitted for
cultures, 10% contained nonfermenters (Mathewson
& Simpson 1982). B. bronchiseptica was isolated
from bronchial lavage specimens in distal respiratory
tract disease (nasal discharge, cough, pneumonia) in
13% of foals (1-8 months old) (Hoffman et al.
1993).

Pathophysiology

Either B. bronchiseptica does not persist inside
animals or susceptible animals possess specific
receptors for smooth-type LPSs, in contrast to man
(Le Blay et al. 1997).

Incubation period
Not established in the equine species yet.

Clinical presentation

Clinical presentation includes respiratory disease in
foals (17) (Koehne et al. 1981), coughing in
Thoroughbred racehorses (Christley et al. 2001),
bronchopneumonia (Saxegaard et al. 1971),
abortion (Mohan & Obwolo 1991), and infertility
(Mather et al. 1973). B. parapertussis did not grow
in tracheobronchial washing from a horse (Porter &
Wardlaw 1994).

Differential diagnosis
The differential diagnosis includes various causes of
fever and dyspnoea (see p. 262).

Diagnosis

Diagnosis primarily depends on culture of the
bacterium from tracheobronchial washing samples
combined with clinical signs. Analysis of
tracheobronchial washing samples for known
Bordetella nutrients revealed concentrations of
amino acids and nicotinic acid averaging 0.35 mM
and 0.56 ug/ml, respectively (Porter & Wardlaw
1994).

Pathology

Common lesions caused by B. bronchiseptica include
a catarrhal to suppurative bronchopneumonia and a
(sero)fibrinous pleuropneumonia. These are usually
opportunistic secondary infections preceded by viral
infections in juvenile animals.

Management/Treatment

Treatment of diseased animals is supportive and
specific treatment should be based on in-vitro
antimicrobial susceptibility testing.

Public health significance

The absence of smooth-type LPSs appears to be
rather frequent in human isolates, since long-chain
LPSs were detectable in only 52% of human isolates,
whereas 94% of animal isolates contained molecules
of that type (Le Blay et al. 1997). B. bronchiseptica
might have some public health significance and its
zoonotic risk should be minimized.
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17 Suppurative bronchopneumonia in a foal. Cranioventral pulmonary hyperaemia and
consolidation. A primary viral respiratory infection (herpesvirus, influenza virus) can be

complicated by opportunistic bacteria like Streptococcus spp., Escherichia coli, Klebsiella
pneumoniae, Rhodococcus equi, and Bordetella bronchiseptica.
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Taylorella equigenitalis: CONTAGIOUS
EQUINE METRITIS

Phylum BXVII Spirochaetes

Class II Betaproteobacteria/Family III
Alcanigenaceae/Genus XI Taylorella: Gram-
negative, microaerophilic, fastidious slow-growing
coccobacilli

Definition/Overview

Contagious equine metritis (CEM) caused by
Taylorella equigenitalis is a highly contagious disease
that is transmitted venereally. The carrier state
occurs in the mare and the stallion and carrier
animals are frequently the source of infection for
new outbreaks (Timoney 1996).

Aetiology

T. equigenitalis is a Gram-negative, microaerophilic,
fastidious  slow-growing coccobacillus  with
streptomycin-sensitive and -resistant biotypes
(Timoney 1996). Isolates of T. equigenitalis obtained
from European horses analysed by pulsed-field gel
electrophoresis (PFGE) were classified into 18
genotypes (Kagawa et al. 2001). High sequence
similarity (99.5% or more) was observed throughout
isolates from Japan, Australia, and France, except
from nucleotide positions 138 to 501 where
substitutions and deletions were noted (Matsuda et
al. 2006). A phylogenetic analysis revealed a position
of T. equigenitalis in the beta subclass of the class
Proteobacteria apart from the position of Haemo-
philus influenzae, which belongs in the gamma
subclass of Proteobacteria. A close phylogenetic
relationship among T. equigenitalis, Alcaligenes
xylosoxidans, and Bordetella bronchiseptica was
detected (Bleumink-Pluym et al. 1993). Lipo-
polysaccharide O-PS could be a specific marker for
identification and differentiation of T. equigenitalis
and T. asinigenitalis, and provide the basis for the
development of specific detection assays for
T. equigenitalis (Brooks et al. 2010).

Epidemiology

CEM has given rise to international concern since it
was first recognized as a novel venereal disease of
equids in 1977. The first known outbreak of CEM in
the USA was in Kentucky in 1978. For some time
none of the subsequent outbreaks impacted
significantly on the horse industry. That changed
dramatically in 2008, however, after the discovery of
some 1,005 exposed and carrier stallions and mares
in 48 states. Neither clinical evidence of CEM nor
decreased pregnancy rates were reportedly a feature
in infected or exposed mares. In light of these
findings, the question arose as to whether or not the
considerable expense incurred in investigating the

latest CEM occurrence was warranted (Timoney
2011). Among stallions examined in Slovenia, 92 %
were negative to T. equigenitalis by either PCR or
culture (Zdovc et al. 2005). In comparison, from
1999 through 2001, four out of 120 imported
European stallions tested positive for CEM at a
quarantine facility in Darlington, MD, USA (Kristula
& Smith 2004). Samples from mares with no clinical
signs of CEM submitted for conventional culture
were negative for T. equigenitalis, but in the PCR
assay 49% were positive for Taylorella DNA. The
high incidence of Taylorella in horse populations
without apparent clinical signs of CEM, the
occurrence of incidental clinical cases, and the
known variability between strains indicate that
Taylorella was endemic in the horse population
(Parlevliet et al. 1997).

Pathophysiology

CEM is transmitted by direct or indirect venereal
contact. The invasiveness of T. equigenitalis strains
seemed to be associated with the contagiousness of
the infection, whereas the replication index seemed
to be associated with the severity of the symptoms
of contagious equine metritis (Bleumink-Pluym ez al.
1996).

Incubation period
Horses challenged with T. equigenitalis showed
seroconversion from day 11 post-inoculation (Katz

& Geer 2001).

Clinical presentation

CEM can be the cause of short-term infertility
sometimes associated with mucopurulent discharge
and, very rarely, abortion in mares (Fontijne et al.
1989). Unlike the mare, stallions exposed to T.
equigenitalis do not develop clinical signs of disease
(Timoney 1996). It has been concluded that T.
equigenitalis is of limited significance in horse
breeding (Parlevliet et al. 1997).

Differential diagnosis

Atypical (donkey-origin) Taylorella spp. infections
should be considered as a differential diagnosis
of equine infertility in mares (Katz et al. 2000).
T. asinigenitalis, resembling T. equigenitalis, was
recently isolated from the urethral fossa, urethra,
and penile sheath of a 3-year-old stallion of the
Ardennes breed when it was routinely tested for
CEM. However, the colony appearance, the slow
growth rate, and the results in the API ZYM test
differed slightly from those of T. equigenitalis.
Sequence analysis of 16S rRNA genes was shown to
be a reliable tool for differentiation of donkey-
related T. asinigenitalis from T. equigenitalis, as well
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18, 19 Taylorella asinigenitalis resembling T. equigenitalis
might be isolated from the urethral fossa (arrow) in horses.

as for identification of these species. The
T. asinigenitalis strain had a low minimum inhibitory
concentration (MIC) of gentamicin (<1 ug/ml) but a
high MIC of streptomycin (>16 ug/ml) (Baverud et
al. 2006).

Diagnosis

Diagnosis is based primarily on culture of
the bacterium from its predilection sites in
the reproductive tract of the mare and the stallion
(18, 19) (Timoney 1996). However, the rate of
T. equigenitalis detection was higher with PCR than
with the classic bacteriological examination. PCR is
especially valuable in cases of intensive bacterial and
fungal contamination of swabs where the isolation
of T. equigenitalis usually fails (Zdovc et al. 2005). A
direct-PCR assay was developed for the rapid
detection of T. equigenitalis in equine genital swabs
without need for a preliminary step of DNA
extraction or bacterial isolation (Duquesne et al.
2007). The assay is also able to discriminate between
T. equigenitalis and T. asinigenitalis (Wakeley et al.
2006).

In chronically infected mares, the organism was
detectable in the clitoral swabs of nearly 93%, but
in the cervical swabs of only 31%. In contrast, in
acutely infected mares, the organism was detectable
in the clitoral swabs of nearly 69%, but in the

cervical swabs of 84% (Wood et al. 2005).

There was close agreement between CFT and
ELISA methodologies during the post-exposure
time period used to detect CEM serodiagnostically
in regulatory animal health testing programmes.
Unlike the CFT, which requires an overnight
incubation step, the ELISAs are more convenient
and can be completed in 3 hours (Katz & Geer
2001).

Pathology

Macroscopically no vaginal lesions are apparent; the
endometrial mucosa may be swollen and corrugated
with a scant mucopurulent exudate. Histology of
uterine biopsies might reveal a mild endometritis,
characterized by interstitial mucosal oedema and a
mild inflammatory infiltrate composed of
neutrophils; later plasma cells may be more evident
(Jubb et al. 2007).

Management/Treatment

Aggressive systemic antibiotic therapy accompanied
by routine topical therapy might be required to treat
CEM-positive stallions (Kristula & Smith 2004).

Public health significance
Not convincing yet.
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Francisella tularensis: TULAREMIA

Phylum BXII Proteobacteria

Class III Gammaproteobacteria/Order

V Thiotrichales/Family II Francisellaceae/Genus I
Francisella: Gram-negative aerobic rods and cocci

Definition/Overview

Tularemia caused by Francisella tularensis (formerly
Pasteurella tularensis) is identified as emerging in
Europe (Vorou et al. 2007) although the
pathogenicity of E tularensis for the horse appears
to be extremely low.

Aetiology
E tularensis is a Gram-negative arthropod-borne
coccobacillus (Petersen et al. 2009).

Epidemiology

The serological response in burros and horses to the
viable LVS strain of FE tularensis generated high-
titred agglutinating antisera and fluorescent antibody
conjugates in both groups of animals. Maximum
titres were obtained in horses 14-21 days (up to
1:1,024 and 1:360, respectively) and in burros 21-28
days (up to 1:1,024 and 1:160, respectively) after the
start of vaccination. The use of so-called
Woodhour’s adjuvants or booster inoculations did
not result in increased titres (Green et al. 1970).

Pathophysiology

Free-living amoebae feed on bacteria, fungi, and
algae. However, some microorganisms have evolved
to become resistant to these protists. These amoeba-
resistant microorganisms include established
pathogens, such as E tularensis, Legionella spp.,
Chlamydophila pneumoniae, and Listeria mono-
cytogenes. Free-living amoebae represent an
important reservoir of amoeba-resistant micro-
organisms and may, while encysted, protect the
internalized bacteria from chlorine and other
biocides. On the other hand, free-living amoebae
may act as a ‘Trojan horse’, bringing hidden
amoeba-resistant microorganisms within the human
or animal ‘Troy’, and may produce vesicles filled
with amoeba-resistant microorganisms, increasing
their transmission potential (Greub & Raoult 2004).

Incubation period
Not established in the equine species yet.

Clinical presentation
Not established in the equine species yet.

Pathology

Not established in the equine species yet.

Public health significance

Tularemia is regarded as an important (tickborne)
zoonosis with two primary disease manifestations,
ulceroglandular and glandular. Two subspecies of E
tularensis cause most human illness, namely
subspecies tularensis, also known as type A, and
subspecies holarctica, referred to as type B. The
equine species is not regarded as a main reservoir for
human infection in contrast with rodents and
lagomorphs (Petersen et al. 2009).
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Legionella pneumophila

Phylum BXII Proteobacteria

Class III Gammaproteobacteria/Order VI
Legionellales/Family I Legionellaceae/Genus I
Legionella: Gram-negative aerobic rods and cocci

Definition/Overview

Febrile lymphadenopathy can be experimentally
induced by Legionella pneumophila. It has been
concluded that there is no evidence to support a role

for the horse in the maintenance of these organisms
in nature (Cho et al. 1983).

Aetiology

The pathogenicity of L. preumophila serogroups 1
and 3 for the horse appears to be low (Cho et al.
1983).

Epidemiology

Seroconversions in horses provided additional
evidence that horses become naturally exposed to
Legionella spp. Nineteen percent of horses
seroconverted to at least one serogroup (out of 4) of
L. pneumophila (Cho et al. 1984). With 58% of the
sera tested negative, 35% had end-point titres of 1:2,
7% end-point of 1:16 and 0.3% an end-point of
1:256. South African serological results revealed a
much lower exposure rate than that reported in the
USA (Wilkins & Bergh 1988). In addition, a high
percentage of seropositivity suggested that horses are
commonly infected with L. pneumophila or related
organisms, and the age-specific rates of occurrence
indicated that infection was related directly to
duration of exposure. The occurrence of positive
(1:64) equine sera (31%) was significantly higher
than the occurrence of positive sera in cattle (5%),
swine (3%), sheep (2%), dogs (2%), goats (0.5%),
wildlife (0%), and humans (0.4%) as assessed by
means of microagglutination. The highest titre
measured in horses was 1:512. Of the positive sera in
horses, 44% reacted to a single serogroup (III or I
most commonly), and 56% reacted to multiple
serogroups (II and III or I, I, and II most
commonly) (Collins et al. 1982).

Pathophysiology

Not established in the equine species yet.

Incubation period
A transient decrease in circulating lymphocytes
occurred 2 days after inoculation (Cho et al. 1983).

Clinical presentation

Signs of clinical illness were restricted to a transient
febrile response and lymphadenopathy (Cho et al.
1983).

Diagnosis

Agglutinating antibodies persisted at least 4 months
after infection (Cho et al. 1983) with a high
correlation (r = 0.89) found between titres measured
by either the indirect fluorescent antibody test or the
microagglutination test (Cho et al. 1984). All horses
exhibited a marked increase in agglutinating
antibodies to L. pneumophila serogroups 1 and 3 as
early as 4 days after experimental challenge (Cho ez
al. 1983).

Pathology

At  necropsy, only moderate generalized
lymphadenopathy was noted with lymph nodes
showing evidence of reactive hyperplasia.
Histologically, the lungs contained evidence of a low-
grade inflammatory response characterized by focal
proliferation of alveolar lining cells, with few
neutrophils and eosinophils (Cho et al. 1983).

Management/Treatment
Not appropriate yet.

Public health significance

Not convincing yet as it has been stated that the
horse could not be considered to be a source of
infection but that both humans and animals were
probably exposed to a common source of infection.
Serological testing of people closely associated with
horses showed that out of 22 people, three had a
positive end-point titre of 1:64 and only one person
showed an end-point titre of 1:256 (Wilkins & Bergh
1988).

2]
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Coxiella burnetii: Q FEVER

Phylum BXII Proteobacteria

Class III Gammaproteobacteria/Order VI
Legionellales/Family II Coxiellaceae/Genus I
Coxiella

Definition/Overview

Coxiella burnetii, the causative agent of Q fever,
is not currently reported to affect horses. Only
seropositivity was mentioned in horses ranging from
5.5-21.7% in Uruguay (Somma-Moreira et al.
1987).

Moraxella spp.

Phylum BXII Proteobacteria

Class III Gammaproteobacteria/Order IX
Pseudomonadales/Family II Moraxellaceae/Genus I
Moraxella: Gram-negative aerobic rods and cocci

Definition/Overview

Moraxella spp. are a frequent isolate in ocular and
pharyngeal flora of clinically normal horses and
horses suffering from lymphoid follicular hyperplasia
and conjunctivitis.

Aetiology

A Gram-negative, aerobic, oxidase-positive
diplococcus, that may colonize the conjunctiva and
the pharynx in horses. In ocular flora of clinically
normal horses (20), Corynebacterium spp.,
Staphylococcus spp., Bacillus spp., and Moraxella
spp. are the bacteria most frequently isolated
(Andrew et al. 2003), with Moraxella spp.
comprising 28 % of Gram-negative bacteria involved
(Gemensky-Metzler et al. 2005).

Epidemiology

There were no significant differences between the
number or type of organisms cultured during the
sampling seasons in ocular flora of clinically normal
Florida horses, whereas the likelihood of detecting
an organism depended on the horse’s age (Andrew
et al. 2003).

Pathophysiology

Unknown in the equine species yet.

Incubation period
Not established in the equine species yet.

Clinical presentation

Moraxella spp. are associated with lymphoid
follicular hyperplasia (21) (Hoquet et al. 1985) and
conjunctivitis (Hughes & Pugh 1970, Huntington et
al. 1987), although their clinical significance remains
unclear in the equine species.

Diagnosis

Diagnosis primarily depends on culture of the
bacterium in diseased animals combined with clinical
signs compared to negative controls.

Pathology

Moraxella spp. were isolated in 88% of horses with

pharyngitis of grades III and IV, followed
by Streptococcus equi subsp. zooepidemicus,
Pseudomonas  aeruginosa, coagulase-negative

staphylococci, and Enterobacter spp. (Hoquet et al.
1985).

Management/Treatment
Treatment of diseased animals is supportive.

Public health significance

Not convincing yet. Moraxella catarrbalis is an
exclusively human pathogen and is a common cause
of otitis media in infants and children, causing 15—
20% of acute otitis media episodes. M. catarrhalis
causes an estimated 2-4 million exacerbations of
chronic obstructive pulmonary disease in adults
annually in the USA. Most strains produce beta-
lactamase and are thus resistant to ampicillin but
susceptible to several classes of oral antimicrobial
agents (Murphy & Parameswaran 2009).
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20 Moraxella spp. are one of the bacteria most frequently
isolated in ocular flora of clinically normal horses with the
likelihood of detecting it depending on the horse’s age.

21 The isolation of Moraxella spp. and S. equi subsp.
zooepidemicus in large numbers is frequent in horses with
lymphoid follicular hyperplasia grades Ill and IV. However,
Moraxella spp. are one of the bacteria also most frequently
isolated in pharyngeal flora of clinically normal horses.
lllustration shows lymphoid follicular hyperplasia grade IV
associated with dorsal displacement of the soft palate (DDSP).

29



30

Bacterial diseases

Escherichia coli

Phylum BXII Proteobacteria

Class III Gammaproteobacteria/Order XIII
Enterobacteriales/Family I Enterobacteriaceae/
Genus I Escherichia: Facultatively anaerobic Gram-
negative rods

Definition/Overview

Escherichia coli can cause acute, highly fatal
septicaemia of newborn foals. E. coli is the most
common pathogen isolated from foals with sepsis
(22) (Wilson & Madigan 1989). In foals,
enteropathogenic E. coli and subsequent neonatal
diarrhoea are very rare (in contrast with pigs
and calves) as compared with extraintestinal
pathogenic E. coli (ExPEC). In the near future, real-
time PCR might facilitate fast confirmation of a
diagnosis of septicaemia, thereby improving the
therapeutic management of neonatal foals.

Aetiology

E. coli are Gram-negative rods belonging to the
family Enterobacteriaceae. ExPEC strains carrying
distinct virulence attributes are known to cause
diseases in humans and animals and infect organs
other than the gastrointestinal (GI) tract (23-25)
(DebRoy et al. 2008).

Epidemiology

Gram-positive isolates, predominantly Strepto-

coccus/Enterococcus spp., were obtained in 41% of
foals less than 7 days of age admitted to an intensive
care unit. Gram-negative isolates were predominantly
of the Enterobacteriaceae family, in particular E. coli

(Russell et al. 2008). E. coli was also the organism
most commonly isolated (in 44% of cases) from foals
with bacteraemia in another report, followed by
Actinobacillus spp. (25%), of which 62% were A.
equuli (Corley et al. 2007). Furthermore, E. coli was
consistently isolated most frequently in bacteraemic
neonatal Thoroughbreds (Sanchez et al. 2008). In
addition, the most common intraoperative culture
isolates from horses undergoing abdominal surgery
were E. coli, Streptococcus spp., and Enterococcus
spp. (Rodriquez et al. 2009).

For horses, there was not a significant interaction
between populations of the indicator organisms and
manure type (fresh versus dry). The population size
of faecal streptococci (5.47 and 6.14 logl0/g in
fresh and dry, respectively) in horse manure was
higher than the population size of E. coli (4.79 and
5.08 log10/g in fresh and dry, respectively) (Weaver
et al. 2005). However, E. coli of equine faecal origin
are commonly resistant to antibiotics used in

human and veterinary medicine (Ahmed et al.
2010).

Pathophysiology

A carbohydrate metabolic operon (frz) that is highly
associated with extraintestinal pathogenic E. coli
strains promotes bacterial fitness under stressful
conditions, such as oxygen restriction, late stationary
phase of growth, or growth in serum or in the
intestinal tract (Rouquet ez al. 2009).

Incubation period
Not established in the equine species yet, but may be
as short as several hours.

22 Marked episcleral haemorrhage and conjunctivitis
secondary to endotoxaemia in a foal.
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25 Hypopyon, E. coli septicaemia. The anterior eye chamber is
filled with a pale yellowish purulent exudate due to a
suppurative uveitis. (Formalin fixed specimens.)
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Clinical presentation

Clinical signs include fever (or hypothermia
associated with shock), anorexia, and depression/
coma. Polyarthritis, polyserositis  (including
meningoencephalitis) and pneumonia might develop
as the most important sequelae in neonatal foals,
reflecting a poor prognosis. Foals with Gram-
negative bacteraemia had lower total WBC and
lymphocyte counts at admission than did those from
which only Gram-positive bacteria were cultured.
Mixed organism bacteraemia was associated with
tachycardia, increased serum concentrations of
sodium, chloride, and urea nitrogen, acidosis,
respiratory distress, recumbency on admission, and
nonsurvival (Corley et al. 2007). E. coli was not
associated with diarrhoea in foals (Netherwood et
al. 1996).

ExPEC might also occur in other opportunistic
settings in the immunocompromised host. For
instance, ExXPEC O2H21 has been associated with
fatal bronchopneumonia in a 12-year-old Quarter
Horse mare in association with Enterococcus sp.,
and Klebsiella pneumoniae (DebRoy et al. 2008).

Differential diagnosis
The differential diagnosis includes other causes of
foal septicaemia (see p. 262).

Diagnosis

Bacterial culture of blood is the current goldstandard
test with which to diagnose sepsis in foals. Detection
frequency of E. coli from equine blood was
significantly greater by use of the resin-containing
blood culture system (61%) than that achieved by
use of the conventional blood culture system (30%)
or the lysis—centrifugation-based blood culture
system (0%) (Lorenzo-Figueras et al. 2006).
Furthermore, culturing endometrial biopsy tissue or
uterine fluids is a more sensitive method for
identifying E. coli than culture swab, while
endometrial cytology identifies twice as many mares
with acute inflammation than uterine culture swab
(LeBlanc 2010). Comparison between conventional
blood culture and real-time PCR in septic foals
revealed a sensitivity of 82%, a specificity of 99%, a
positive predictive value of 90%, and a negative
predictive value of 97% for real-time PCR (results
for the universal bacterial 16S rRNA gene including
E. coli in broth). However, for the foreseeable future,
PCR-based testing (able to detect as few as 15
colony-forming units) will not replace conventional
culture due to the requirement for purified culture
isolates in antimicrobial susceptibility testing
(Pusterla et al. 2009).

With the increasing prevalence of Gram-positive
microorganisms and their unpredictable sensitivity
patterns, blood cultures remain important in the
diagnosis and treatment of equine neonatal
septicaemia (Russell ez al. 2008).

Pathology

Usually E. coli infections induce a suppurative and
fibrinous inflammation such as in placentitis,
pyometra (26), cholangitis (27, 28), and (neonatal)
septicaemic (lepto)meningitis, serositis, uveitis, and
(poly)arthritis.

Management/Treatment

Treatment of diseased foals is supportive (including
antibiotic therapy) with special reference to
improvement of antibody status by means of the
administration of hyperimmune serum. In addition,
it is of importance to provide good hygiene including
antiseptic treatment of the umbilical cord stump in
neonatal foals.

The MIC of ceftiofur required to inhibit growth
of 90% of isolates of E. coli, Pasteurella spp.,
Klebsiella spp., and beta-haemolytic streptococci
was < 0.5 ug/ml. Intravenous administration of
ceftiofur sodium at the rate of 5 mg/kg BW every
12h would provide sufficient coverage for the
treatment of susceptible bacterial isolates (Meyer et

al. 2009).
Both  hospitalization and  antimicrobial
drug administration were associated with

prevalence of antimicrobial resistance among E. coli
strains isolated from the faeces of horses. Resistance
to sulfamethoxazole and to trimethoprim-
sulfamethoxazole was most common, followed by
resistance to gentamicin and resistance to
tetracycline. Use of a potentiated sulphonamide,
aminoglycosides, cephalosporins, or metronidazole
was positively associated with resistance to one or
more antimicrobial drugs, but use of penicillins was
not associated with increased risk of resistance to
antimicrobial drugs (Dunowska et al. 2006).

Public health significance
Its potential zoonotic risk should be minimized.
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26 E. coli pyometra in a Shetland pony mare. The incised
enlarged hyperaemic uterus contains a moderate amount of
seropurulent exudate (arrowhead). Usually a pyometra is a
sequela of a heavy parturition, as in this case evidenced by the
vaginal and cervical haemorrhages (arrows). Other reported
bacterial invaders include: Streptococcus equi subsp.
zooepidemicus, Actinomyces spp., Pasteurella spp., and
Pseudomonas spp.

_ sl & ‘¥

27, 28 Choledocholithiasis, hepatolithiasis, and suppurative
cholangitis. Both extra- and intrahepatic bile ducts are
obstructed by gallstones or choleliths and profuse
accompanying suppuration due to bacterial infections.
Implicated in this case was Escherichia coli.
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Salmonella spp.: SALMONELLOSIS

Phylum BXII Proteobacteria

Class III Gammaproteobacteria/Order XIII
Enterobacteriales/Genus XXXIV Salmonella:
Facultatively anaerobic Gram-negative rods

Definition/Overview

Colitis/typhlitis associated with diarrhoea in adult
horses or neonatal septicaemia is caused by various
Salmonella species. The detection of latent carriers
remains a challenge. Equine clinics and veterinary
teaching hospitals are at risk of becoming
repositories for salmonellosis, despite an existing
infection control program (Dallap Schaer et al.
2010), underlining the need for the prudent use of
antimicrobials.

Aetiology

Salmonella spp. are Gram-negative, facultatively
anaerobic, intracellular rods belonging to the family
Enterobacteriaceae. Salmonellosis is caused by a
great variety of serovars classified as members of the
genus Salmonella within the species S. enterica, with
serovar typhimurium usually being most prevalent.
The immune response to most somatic ‘O’ antigens
of different Salmonella groups is not (A, B, C2) or
little (C1, D) affected by antigenic competition
(Singh ez al. 2006). Integron-positive S. typhimurium
isolates from horses with clinical disease belong
to distinct strains, demonstrating the capability of S.
typhimurium to acquire additional antibiotic
resistance determinants, so underlining the need for
the prudent use of antimicrobials (Vo ez al. 2007).

Epidemiology

Various Salmonella species show a worldwide
distribution with a reported prevalence of 2%
(House et al. 1999). Hospitalized foals over 1 month
of age with diarrhoea were significantly more likely
to have Salmonella spp. (OR = 2.6, 95% CI = 1.2-
6.0), rotavirus (OR = 13.3, 95% CI = 5.3-33), and
parasites (OR = 23, 95% CI = 3.1-185) detected
compared with younger foals. However, the type of
infectious agent identified in the faeces or
bacteraemia was not significantly associated with
survival (Frederick et al. 2009).

Horses that were parenterally treated with
antimicrobials for other reasons than salmonellosis
were found to be at 6.4 times greater risk of
developing salmonellosis, and those treated orally
and parenterally were at 40.4 times greater risk,
compared to horses that did not receive
antimicrobial treatment (Hird et al. 1986). In
addition, abdominal surgery was identified as a risk
factor for nosocomial Salmonella infections in
horses. Horses that underwent abdominal surgery

required enhanced infection control and
preventative care (Ekiri et al. 2009). Furthermore,
for a horse with salmonellosis, the odds of
developing thrombophlebitis were 68 times those
for a similar horse without salmonellosis (Dolente
et al. 2005).

It has been suggested that there is a highly
epidemiological relationship between equine
S. typhimurium phage type 104 isolates and certain
multidrug-resistant bovine isolates in the same area
(Niwa et al. 2009). Ceftiofur resistance in S.
enterica rose from 4.0% in 1999 to 18.8% in 2003.
Isolates from diagnostic laboratories had higher
levels of resistance (18.5%), whereas levels in
isolates from on-farm (3.4%) and slaughter (7.1%)
sources were lower. Animals with a higher than
average proportion of ceftiofur-resistant Salmonella
included cattle (17.6%), horses (19.2%), and dogs
(20.8%) (Frye & Fedorka-Cray 2007). In addition,
swine Salmonella isolates displayed the highest rate
of resistance, being resistant to at least one
antimicrobial (92%), followed by those recovered
from turkey (91%), cattle (77%), chicken (68%),
and equines (20%) (Zhao et al. 2007).

An outbreak of salmonellosis caused by
S. newport multidrug-resistant-AmpC at a large
animal veterinary teaching hospital was associated
with a case fatality rate of 32% in equines (Dallap
Schaer et al. 2010).

Pathophysiology

Following oral infection, invasion of the host usually
takes place via the intestinal wall progressing into
the mesenteric lymph nodes. In adult horses,
progression beyond the mesenteric lymph nodes and
associated sepsis seldom occur, whereas diarrhoea is
most common due to hypersecretion and
malabsorption predominantly in the large colon and
caecum. Protein-losing enteropathy may result in
hypoproteinaemia associated with oedema for-
mation (Plummer 2006). Septicaemia is most
prominent in neonatal foals.

Equine DEFA1 is an enteric alpha-defensin
exclusively produced in Paneth cells showing an
activity against a broad spectrum of horse
pathogens (Bruhn et al. 2009).

Incubation period
Not established in the equine species yet, but may be
as short as 24 hours.

Clinical presentation

Clinical salmonellosis in adult horses is usually due
to uptake from an asymptomatic carrier or
associated with previous stress. Clinical signs include
fever, anorexia, depression, and eventually colic
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followed by more or less obvious (haemorrhagic)
diarrhoea (29, 30) and weight loss. Sometimes
abortion, laminitis, or limb and ventral oedema
develop as sequelae in adult horses. In neonatal foals
sepsis with or without diarrhoea is seen and sequelae
like meningoencephalitis, polyarthritis, polyserositis,
omphalitis, and (rib) osteomyelitis occur (Neil ez al.
2010).

Differential diagnosis
The differential diagnosis includes various causes of
acute diarrhoea and causes of foal septicaemia (see p.

262, 263).

Diagnosis

The diagnosis should be based on the demonstration
of the bacterium in blood (in the septicaemic stage
in foals) or faeces using either enriching media

and/or PCR, combined with the presence of
characteristic clinical signs. Eventually a biopsy of
rectal mucosa might be used (Duijkeren & Houwers
2000, Pusterla et al. 2009). A quantitative real-time
PCR assay targeting the Salmonella invA gene had
an overall relative accuracy of 98%, a relative
sensitivity of 100%, and a relative specificity of
98%, when compared to conventional culture
(Pusterla et al. 2009).

It is important to realize that an infected animal
may become a latent carrier or an active carrier,
passing the bacteria intermittently via the faeces.
The criterion to evaluate the elimination of
Salmonella should be that cultures of three stool
samples obtained at least 2 weeks apart are negative
for the original strain (Duijkeren & Houwers
2000). Nevertheless, the detection of latent carriers
remains a challenge.

29, 30 Haemorrhagic diarrhoeic colitis in an 18-year-old
Warmblood gelding (29) and a 4-month-old Warmblood
filly (30).
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31, 32 Fibrinonecrotic colitis. 31: The colon mucosa is swollen, haemorrhagic, and ulcerated with a covering fibrinosuppurative
pseudomembrane; 32: the corresponding micrograph (pseudomembrane indicated by the asterisk). Note the two sections of

coexisting small strongyles (arrows). Salmonella typhimurium. (H&E stain. Bar 500 um.)

33 Colonic sand obstruction. Right dorsal colon ascendens
overfilled and obstructed by ingested impacted greenish
stained sandy contents. This condition frequently coincides
with diarrhoeic colitis due to cyathostominosis and
salmonellosis.

Pathology

In septicaemic cases multiple serosal and mucosal
petechial haemorrhages are noticed at necropsy.
There may be a haemorrhagic gastroenterocolitis
with especially an intense fibrinohaemorrhagic
inflammation of the large intestine with ulcerations
and a covering fibrinopurulent pseudomembrane
(31). Typical in chronic cases are raised fibrinous
button-like ulcers. Moreover, on histology
congestion and oedema of mucosa and submucosa

with  mixed inflammatory infiltrates and
intravascular fibrin thrombi in the lamina propria
may be evident (32).

Management/Treatment

Treatment of diseased horses is supportive (including
transfaunation). According to most veterinary
sources the use of antimicrobials is only indicated for
patients with systemic Salmonella infections or in
Salmonella-infected immunocompromised patients.
Antimicrobial treatment of patients with uncompli-
cated Salmonella enteritis is even considered to be
contraindicated, with the exception of animals
younger than 6 months (Duijkeren & Houwers
2000). In addition, given the association between
salmonellosis and cyathostominosis it is important
to combine good hygiene (33) with prudent use of
anthelmintics.

Public health significance

Horses with a tentative diagnosis of salmonellosis
should be isolated to prevent possible human
exposure. The pathogen has important public health
significance and salmonellosis is a reportable disease.
Human salmonellosis presents as two clinical
entities. The first, enteric fever, is caused by S. typhi
or S. paratyphi A, B, or C. These infections are
generally transmitted from person to person without
animal involvement. The second, ‘non-typhoid
salmonellosis’ is caused by other Salmonella
serotypes that reside primarily in animals and have
zoonotic potential (Humphrey et al. 1998). The
fluoroquinolones are the drugs of choice in human
medicine for severe Salmonella infections and for the
elimination of the carrier state (Duijkeren &
Houwers 2000).



Bacterial diseases

Pasteurella spp.

Phylum BXII Proteobacteria

Class III Gammaproteobacteria/Order XIV
Pasteurellales/Family I Pasteurellaceae/Genus I
Pasteurella: Gram-negative aerobic rods and cocci

Definition/Overview

Pasteurella spp. are Gram-negative bacteria
(including Mannheimia [formerly Pasteurella)
haemolytica) predominantly associated with
pneumonia, pleuropneumonia, and endocarditis in
horses. It is well-known as an opportunistic equine
pathogen of the respiratory tract following transport
stress.

Aetiology

P. multocida is an important veterinary (34) and
opportunistic human pathogen. The species is
diverse and complex with respect to antigenic
variation, host predilection, and pathogenesis.
Certain serological types are the aetiological agents
of severe pasteurellosis, such as fowl cholera in
domestic and wild birds, bovine haemorrhagic
septicaemia, and porcine atrophic rhinitis (Hunt et
al. 2000). However, tracheobronchial aspirates from
clinically normal foals revealed Actinobacillus/
Pasteurella spp. (Crane et al. 1989).

Epidemiology

Following transportation by road for 12 h,
transtracheal aspirates showed an accumulation of
purulent respiratory tract secretions with increased
numbers of bacteria, particularly beta-haemolytic
Streptococcus spp.- and members of
the Pasteurellaceae family. As a consequence,
bacterial contamination of the lower respiratory
tract occurs as a routine consequence of
transportation of horses and is likely to be an
important determinant in the development of
transport-associated respiratory disease (Raidal et al.
1997a). In addition, acute death occurred in a
racehorse with pneumonia after long-distance
transportation associated with a mixed infection of
P. caballi, Streptococcus suis, and Streptococcus equi
subsp. zooepidemicus (Hayakawa et al. 1993).

Pathophysiology

The dermonecrotic toxin from P. multocida (PMT)
disrupts G-protein signal transduction through
selective deamidation. The C3 deamidase domain of
PMT has no sequence similarity to the deamidase

domains of the dermonecrotic toxins from
Escherichia coli (cytotoxic necrotizing factor
[CNF]1-3), Yersinia (CNFY) and Bordetella

(dermonecrotic toxin). PMT-C3 belongs to a family
of transglutaminase-like proteins, with active site

p £
34 Multifocal embolic nephritis. Cut surface of the renal cortex
contains multiple pale necrosuppurative foci. Bacterial culture
yielded Mannheimia (Pasteurella) haemolytica.

Cys—His—Asp catalytic triads distinct from E. coli
CNF1 (Wilson & Ho 2010). Gq family members of
heterotrimeric G protein activate beta isoforms of
phospholipase C that hydrolyzes phosphatidyl-
inositol phosphate to diacylglycerol and inositol
triphosphate, leading to protein kinase C activation
and intracellular Ca?* mobilization, respectively.
PMT is regarded as a Gq signalling activator
(Mizuno & Itoh 2009).

Incubation period
Not yet established in the equine species.

Clinical presentation

Of bacterial isolates from horses with evidence
of lower airway  disease, S51%  were
Actinobacillus equuli, 18% were A. suis-like, 11%
were Pasteurella  pneumotropica, 8%  were
A. lignieresii, 7% were M. haemolytica, and 5%
were P. mairii, indicating that a range of
Actinobacillus and Pasteurella species can be isolated
from the lower airways of horses (Ward ez al. 1998).
In comparison, among the facultatively anaerobic
isolates involved in lower respiratory tract or
paraoral bacterial infections, S. equi subsp.
zooepidemicus accounted for 31% of isolates,
followed by Pasteurella spp. 19%, Escherichia coli
17%, Actinomyces spp. 9%, and Streptococcus spp.
9% (Bailey & Love 1991).
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35 Serofibrinous arthritis. The increased amounts of synovial
fluid show slightly increased turbidity. Note the hyperaemic
synovial membranes. Bacterial culture yielded Mannheimia
(Pasteurella) haemolytica.

The aerobic bacteria most frequently isolated
from horses with pneumonia or pleuropneumonia
were beta-haemolytic Streptococcus spp., Pasteurella
spp., Escherichia coli, and Enterobacter spp. The
anaerobic species most frequently isolated were
Bacteroides spp. and Clostridium spp. (Sweeney et
al. 1991).

Pasteurella/Actinobacillus-like spp. in tracheal
washes were associated with an increasing risk of
clinically apparent respiratory disease in racehorses
in training (Chapman et al. 2000, Newton et al.
2003). However, infection of the airways with even
large numbers of Streptococcus equi subsp.
zooepidemicus or Pasteurella-like spp. did not
facilitate the occurrence of exercise-induced
pulmonary haemorrhage (EIPH) (Newton & Wood
2002).

Clinical signs also included polyarthritis (35)
associated with P. canis (Bourgault et al. 1994) and
pneumonia associated with M. haemolytica
(Saxegaard & Svenkrud 1974) in foals.
Furthermore, ulcerative lymphangitis caused by M.
haemolytica (Miller & Dresher 1981) and
endocarditis (Maxson & Reef 1997) associated
with P. caballi (Church et al. 1998) were reported.

Differential diagnosis
The differential diagnosis includes various causes of
fever and dyspnoea (see p. 262).

Diagnosis
Diagnosis depends on the detection of bacteria
combined with appropriate clinical signs.

Pathology

Vegetative lesions were found most frequently on the
mitral valve and secondarily on the aortic valve, with
Pasteurella/Actinobacillus spp. and Streptococcus
spp. most commonly cultured from horses with
bacterial endocarditis (Maxson & Reef 1997,
Church et al. 1998).

Management/Treatment

Treatment with procaine penicillin  (up to
40,000 TU/kg BW) prior to or during confinement
with head elevation had no effect on the systemic
leucocyte response or on the accumulation of
inflammatory lower respiratory tract secretions
(Raidal et al. 1997b).

Bimodal populations were observed for
ampicillin, kanamycin, and oxytetracycline suscep-
tibility among various Gram-negative bacterial
isolates, especially those of equine origin. This
observation indicates a probable lack of added
response to increased antimicrobial dosages, such
that a poor response to initial treatment with a
nominal dosage would require a change in
antimicrobial rather than increased dosage
(Burrows et al. 1993).

The MIC of cefpodoxime required to inhibit
growth of 90% of isolates for Salmonella enterica,
Escherichia coli, Pasteurella spp., Klebsiella spp.,
and beta-haemolytic streptococci was 0.38, 1.00,
0.16, 0.19, and 0.09 upg/ml, respectively. Oral
administration of cefpodoxime at a dosage of
10 mg/kg BW every 6-12 h would appear
appropriate for the treatment of equine neonates
with bacterial infections (Carrillo et al. 2005).

Public health significance

P. multocida meningitis might be caused by kissing
animals (Kawashima et al. 2010), especially other
than horses. For example, a human patient suffering
from type 2 diabetes mellitus developed peritonitis
induced by P multocida. Pulsed-field gel
electrophoresis (PFGE) showed that the P. multocida
isolated from the patient was completely identical to

the strain isolated from his domestic cat (Satomura
et al. 2010).
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Yersinia enterocolitica: YERSINIOSIS
Phylum BXII Proteobacteria

Class III Gammaproteobacteria/Order XIII
Enterobacteriales/ Family I
Enterobacteriaceae/Genus XLIII Yersinia: Gram-
negative aerobic rods and cocci

Definition/Overview

Yersinia enterocolitica is among putative pathogens
found at very low prevalence in diarrhoea and/or
pneumonia predominantly in foals. Y. enterocolitica
is the most common species causing human enteric
yersiniosis, which is still the third most frequently
reported foodborne gastroenteritis in Europe (Bucher
et al. 2008).

Aetiology

Yersinia spp. are Gram-negative, rod-shaped
facultative anaerobes. Y. enterocolitica, Y. pseudo-
tuberculosis, and Y. pestis are human pathogens.
Bacteria of the genus Yersinia have been isolated
commonly from the environment, including water
supplies of various types. Environmental strains
therefore should be differentiated from serotypes
0:3, 0:9, 0:5, 0:27, and O:8 of Y. enterocolitica,
which are the ones most frequently associated with
human infections in Europe, Japan, Canada, and the
USA. These pathotypes are psychrotrophic, and
hence can multiply in fresh waters and could
constitute a major hazard to drinking water.
Epidemiological data concerning waterborne
yersiniosis, however, are scarce (Leclerc et al. 2002).
The pathogenicity of Y. enterocolitica for the horse
appears to be extremely low.

Epidemiology

Atypical environmental Y. enterocolitica was isolated
from a horse faecal sample (1%) (Wooley et al.
1980) and Y. enterocolitica was found in a similar
very low prevalence in horse/mule manure (Derlet &
Carlson 2002). No pathogenic strains were isolated
from tonsils of slaughter horses (Bucher et al. 2008).
Y. enterocolitica was not associated with diarrhoea
in foals (Netherwood ef al. 1996), but the prevalence
of Y. enterocolitica was similar in normal and
diarrhoeic foals (Browning et al. 1991).

Pathophysiology

Pathogenic Yersinia spp- (Y. pestis,
Y. pseudotuberculosis, and Y. enterocolitica) harbour
a 70-kb virulence plasmid (pYV) that encodes a type
III secretion system and a set of at least six effector
proteins (YopH, YopO, YopP, YopE, YopM, and
YopT) that are injected into the host cell cytoplasm.
Yops (Yersinia outer proteins) disturb the dynamics
of the cytoskeleton, inhibit phagocytosis by

macrophages, and downregulate the production of
proinflammatory cytokines, which makes it possible
for Yersinina spp. to multiply extracellularly in
lymphoid tissue (Trilzsch et al. 2004).

Incubation period
Not established in the equine species yet.

Clinical presentation
Watery diarrhoea and pneumonia were observed in
foals at a stud-farm with 10% of foals dying due to
suppurative lesions (Czernomysy-Furowicz 1997).
Fatigue, anaemia, fever, abnormal breath sound,
anorexia, and weight loss were associated with
mixed Histoplasma sp. and Y. enterocolitica
infection of the lungs in a 4-year-old Thoroughbred
racehorse (Katayama et al. 2001).

Differential diagnosis
The differential diagnosis includes other causes of
foal diarrhoea (see p. 262).

Diagnosis
Rapid identification of enteropathogenic bacteria in
faecal samples is critical for clinical diagnosis and
antimicrobial therapy. Diagnosis should depend on
the detection of Y. enterocolitica (in bacterial culture)
combined with clinical signs.

Of interest, a multiplex PCR with hybridization
to a DNA microarray allows the rapid detection of
Y. enterocolitica (Kim et al. 2010).

Pathology

Y. enterocolitica was associated with granuloma
formation in the duodenum, lung, liver, and
abdominal lymph nodes (Katayama et al. 2001).

Management/Treatment

Treatment of diseased foals is supportive (including
fluid and antibiotic therapy) with special reference
to improvement of antibody status by means of the
administration of hyperimmune serum.

Public health significance
Y. enterocolitica generally causes sporadic human
(enteric) infections but outbreaks are rare (Bucher et

al. 2008). Yersinia sp. has been associated with a
horse bite (Rdisanen & Alavaikko 1989).
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Actinobacillus lignieresii:
ACTINOBACILLOSIS (‘WOODEN TONGUE’)
Phylum BXII Proteobacteria

Class III Gammaproteobacteria/Order XIV
Pasteurellales/Family I Pasteurellaceae/Genus II
Actinobacillus: Gram-negative aerobic rods and
coccl

Definition/Overview
Actinobacillosis is a syndrome identical to ‘wooden
tongue’ in cattle caused by Actinobacillus lignieresii.

Aetiology

Actinobacillus lignieresii is a small Gram-negative
rod. Equine isolates of A. lignieresii include the type
strain of A. lignieresii and genomospecies 1
(Christensen et al. 2002). The groupings of cultures
resulting from different testing methods had little
relation to each other and to the anatomic source of
the strains except the strains comprising API-CH
biotype II, which originated in the equine respiratory
tract, and the A. lignieresii cluster (Samitz &
Biberstein 1991).

Epidemiology
Among bacterial isolates from horses with and

without evidence of lower airway disease, 8% were
A. lignieresii (Ward ef al. 1998).

Incubation period
Not established in the equine species yet.

Clinical presentation

Clinical signs include dysphagia and salivation,
chronic nasal cellulitis, a ‘wooden tongue’ (36, 37),
lower airway inflammation, and chronic mastitis
(Baum et al. 1984, Ward et al. 1998, Carmalt et al.
1999).

Diagnosis
The definitive diagnosis is based on cytological
examination and culture (Baum et al. 1984).

Pathology

Examination of biopsy specimens revealed
diffuse dermal fibrosis, micropustule formation, and
vascular thrombosis; large numbers of A. lignieresii
were isolated in pure culture (Carmalt et al. 1999).
On histopathology, pyogranulomatous inflam-
matory foci are typically centred on the coccobacilli
which are embedded in eosinophilic proteinaceous
radiating or asteroid club-shaped aggregates
(morphologically aspecific aspect known as
Splendore-Hoeppli phenomenon). Extensive accom-
panying fibrosis is the cause of the firm ‘wooden
tongue’ characteristic of the affected tissues.

Management/Treatment

If actinobacillosis is suspected, immediate treatment
with sodium iodide should be instituted along with
supportive therapy. In one study it responded rapidly
to ampicillin combined with 150 ml of 20% sodium
iodide solution IV. Within 24 hours of the sodium
iodide administration, the tongue was markedly
reduced in size. By 36 hours, the 13-year-old
Connemara could retract the tongue and was able to
eat and drink (Baum et al. 1984). Prolonged
treatment with TV administration of sodium iodide
and oral administration of trimethoprim—
sulfamethoxazole caused regression of the swelling
and did not induce abortion in a 10-year-old
pregnant Norwegian Fjord horse, and treatment
with oral administration of rifampicin (rifampin)
and trimethoprim—sulfamethoxazole resulted in
complete resolution of clinical signs in a 5-month-
old American Paint filly (Carmalt et al. 1999).

Public health significance

A. lignieresii is found in infected wounds of humans
bitten by horses (Dibb et al. 1981, Peel et al. 1991,
Benaoudia et al. 1994).
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36 Actinobacillus lignieresii. Chronic granulomatous and
ulcerative glossitis in a 10-month-old pony. The mid-section of
the pulled-out tongue is very firm, thickened, and painful.
Note the focal dorsal greenish hyperkeratosis partly covering
the affected area. (Courtesy of Dr V.M. van der Veen.)

ulcerative stomatitis and gingivitis. Focally the exposed oral
soft tissues are hyperaemic and swollen with ulcerations.
These lesions resolved shortly after two intravenous sodium
iodide infusions. (Courtesy of Dr V.M. van der Veen.)
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Actinobacillus equuli: 'SLEEPY FOAL
DISEASE’

Phylum BXII Proteobacteria

Class Il Gammaproteobacteria/Order XIV
Pasteurellales/Family I Pasteurellaceae/Genus II
Actinobacillus: Gram-negative aerobic rods and cocci

Definition/Overview

An acute, highly fatal septicaemia of newborn foals is
caused by Actinobacillus equuli (formerly named
Shigella equirulis), also known as sleepy foal disease (38).

Aetiology

Actinobacillus  equuli is a  Gram-negative
pleomorphic rod-shaped bacterium and has recently
been subdivided into nonhaemolytic (subspecies
equuli) and haemolytic (subspecies haemolyticus)
strains (Kuhnert et al. 2003).

Epidemiology

Both A. equuli strains seem to be part of the normal
flora of the equine oral cavity (Kuhnert ez al. 2003)
and oesophagus (Meyer et al. 2010). As a
consequence, in affected foals organisms are
proposed to originate from the mare (Baker 1972,
Raisis et al. 1996).

Pathophysiology

Infections develop after transmission of bacteria
through the placenta prior to birth, or contamination
of the umbilicus, inhalation into the respiratory
system, or ingestion into the GI tract of the foal after
birth (Baker 1972, Raisis et al. 1996).

Incubation period
Not established in the equine species yet, but may be
as short as several hours.

Clinical presentation

A. equuli is reported to be a common cause of acute
septicaemia and enteritis in neonatal foals (Baker
1972, Raisis et al. 1996), also known as sleepy foal
disease. Affected foals usually die within 24 hours.
Sleepy foal disease is predominantly associated with
nonhaemolytic strains of A. equuli (Kuhnert et al.
2003). Recently, A. equuli subsp. haemolyticus was
associated with facial cellulitis in a 2-day-old filly
(Castagnetti et al. 2008). In adult horses, A. equuli
has been implicated as a cause of respiratory tract
disease (Ward et al. 1998), abortion (Webb et al.
1976), haemorrhagic diathesis (Zakopal &
Nesvadba 1968) due to subsp. haemolyticus
(Pusterla et al. 2008), (epidemic) pericarditis (Dill ez
al. 1982, Bolin et al. 2005), endocarditis due to
subsp. equuli (Aalbaek et al. 2007), periorchitis
(Belknap et al. 1988), enteritis (Al-Mashat & Taylor

1986), and peritonitis (Gay & Lording 1980,
Golland et al. 1994, Matthews et al. 2001). It should
be realized that horses with A. equuli peritonitis
present with similar clinical signs as horses with

other causes of abdominal pain (Matthews et al.
2001).

Differential diagnosis
The differential diagnosis includes other causes of
foal septicaemia (see p. 262).

Diagnosis
Actinobacillus  spp. infections in foals were
associated ~ with  leucopenia,  neutropenia,

lymphopenia and depression on hospital admission
(Corley et al. 2007). A positive blood culture of A.
equuli is diagnostic in foals. Abnormal colour with
an elevated protein (25-84 g/l; normal <20 g/l) were
features of an abdominal fluid sample in 98% of
horses suffering from A. equuli peritonitis, and a
marked elevation in nucleated cell count (46-810 x
107 cells/l; normal <10 x 107 cells/l) was present in all
samples. Pleomorphic Gram-negative rods were seen
on cytology in 53% of samples and a positive culture
of A. equuli was returned in 72% of samples
obtained from horses suffering from A. equuli
peritonitis (Matthews et al. 2001).

Pathology

The presence of multifocal microabscesses in
the renal and adrenal cortices is regarded as
pathognomonic. Microscopically purulent exudates
are centred on the bacteria and necrotic tissues. In
fulminating bacteraemia other organs may be
affected, resulting in embolic hepatitis (39-42) and
polyarthritis.

Management/Treatment

Most isolates obtained from horses suffering from
A. equuli peritonitis were sensitive to procaine
penicillin, so treatment with procaine penicillin and
gentamicin sulphate is recommended until anti-
microbial sensitivity is known. In one study of 51
horses, all demonstrated a rapid response to
treatment with procaine penicillin (20 mg/kg BW IM
bid) alone, or a combination of procaine penicillin
and gentamicin sulphate (6.6 mg/kg BW IV sid) and
supportive therapy and were discharged from
hospital (Matthews et al. 2001). In addition,
cefquinome showed high activity against A. equuli
in vitro (Thomas et al. 2006).

Public health significance

A. equuli is found in infected wounds of humans
bitten by horses (Peel et al. 1991, Ashhurst-Smith et
al. 1998, Kuhnert et al. 2003).
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38 A positive blood culture of Actinobacillus equuli is
diagnostic in foals with a tentative diagnosis of sleepy foal
disease.

39, 40 Acute multifocal necrosuppurative hepatitis in a foal. Widespread miliary yellowish foci on the liver surface.

Actinobacillus equuli.

41 Acute multifocal necrosuppurative hepatitis. Multifocal to
coalescing small yellowish areas of necrosis and suppuration
on cut section of the liver. Actinobacillus equuli.

42 Acute multifocal necrosuppurative hepatitis. The hepatic
parenchyma is affected by foci of hepatocellular necrosis with
infiltrated neutrophils and surrounding haemorrhages. Note
the intense basophilic bacterial colonies in the centre of such
a focus (left middle). Near the top right corner a portal vein

is obstructed by a thrombus also containing the causative
bacteria (indicative of bacteraemia probably due to an
umbilical infection). Actinobacillus equuli. (H&E stain.

Bar 100 um.)
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Lawsonia intracellularis: EQUINE
PROLIFERATIVE ENTEROPATHY

Phylum BXII Proteobacteria

Class IV Deltaproteobacteria/Family 1
Desulfovibrionaceae/Genus Il Lawsonia: Gram-
negative nonspore-forming curved rods

Definition/Overview

Proliferative enteropathy caused by Lawsonia
intracellularis is known as equine proliferative
enteropathy (EPE) and is predominantly seen in
older foals. Measurable colostral antibodies against
L. intracellularis remained detectable in foals for 11—
56 days only (Pusterla et al. 2009¢). The cause of this
proliferative enteropathy in pigs and horses is the
same organism based on similarities between the 16S
rRNA (Cooper & Gebhart 1998, McOrist &
Gebhart 1999, Lavoie et al. 2000).

Aetiology

L. intracellularis is an obligate Gram-negative
intracellular argyrophilic bacterium, which cannot
be cultivated in cell-free media. These Gram-negative
cells retain carbol-fuchsin when they are stained by
the modified Ziehl-Nielsen method. Although
Rickettsia spp. are the only obligate intracellular
bacteria known to have a similar intracellular
location, any relationship with these bacteria was
clearly ruled out by the DNA sequence data. Cells
characteristically replicate within the cytoplasm, are
not enclosed by membrane-bound vacuoles, and
occur in epithelial cells in the ilea of pigs. They are
best revealed in histological sections by silver-
staining techniques (McOrist ef al. 1995).

Epidemiology

Mares residing on a farm known to be endemic for
EPE are routinely exposed to L. intracellularis, and
antibodies against L. intracellularis are passively
transferred to foals (Pusterla et al. 2009b). The
largest number of PCR-positive L. intracellularis
faecal samples was observed in striped skunks,
followed by Virginian opossums, jackrabbits, and
coyotes. Because their faecal samples were collected
at equine farms with confirmed cases of EPE, these
animal species may act as potential sources of
infection to susceptible weanlings (Pusterla ef al.
2008).

Pathophysiology

Transmission generally occurs via the oral-faecal
route. Infected crypt cells divide excessively, resulting
in marked hyperplasia of the mucosa with poorly
differentiated enterocytes and concurrent villous
atrophy, leading to diarrhoea due to loss of intestinal
absorptive capacity. The associated hypo-

proteinaemia is due to malabsorption and protein
loss into the intestinal lumen (Wuersch et al. 2006).
Furthermore, impaired intestinal absorption of
glucose has been reported (Wong et al. 2009).

Incubation period

A foal exposed via nasogastric intubation to 3 x 10'°
L. intracellularis organisms developed fever (38.3°C)
on days 19-20 post-inoculation and became mildly
lethargic with partial anorexia on day 24 post-
inoculation, which lasted for 4 days. Peripheral
oedema in the distal extremities and throatlatch was
first noticed on days 28 and 29 post-inoculation,
respectively. The oedema lasted for 27 and 5 days in
the distal extremities and throatlatch, respectively.
Faecal shedding of L. intracellularis was detected
starting between days 12 and 18 post-inoculation
and lasted for 7-21 days after initial detection.
Measurable antibodies (ranging from 240 to 3,840)
against L. intracellularis were present 14-21 days
post-inoculation with titres persisting up to the end
of the study (90 days) (Pusterla et al. 2010a).

Clinical presentation

Clinical signs include weight loss, ventral oedema,
lethargy, a prolonged period of decreased appetite or
anorexia, fever (up to 41°C) or hypothermia,
increased intestinal sounds, diarrhoea (43), and colic
(Wuersch er al. 2006, Sampieri et al. 2006, Frazer
2008). Poor body condition with a rough coat and a
pot-bellied appearance are common in affected foals
(Lavoie et al. 2000, Wuersch et al. 2006). A sex
predilection is not apparent (Frazer 2008), whereas
an age predilection is obvious, with all horses being
foals or weanlings between 3 and 13 months of age
(Lavoie et al. 2000, Deprez et al. 2005, Wuersch et
al. 2006, Frazer 2008). Clinical signs are usually seen
after weaning (Lavoie et al. 2000, Wuersch et al.
2006). The disease is fatal in about 20% of cases
(Sampieri et al. 2006).

Clinicopathological ~ abnormalities  include
hypoproteinaemia, hypoalbuminaemia (range 9-33
g/l), hyperfibrinogenaemia, (transient) leukocytosis,
azotaemia, and increased plasma activities of
creatine kinase (CK; 388-13,300 IU/l), aspartate
aminotransferase (AST) and lactate dehydrogenase
(LDH) activity (associated with Zenker’s
degeneration of muscle), and sometimes anaemia
(Lavoie et al. 2000, Sampieri et al. 2006, Wuersch
et al. 2006, Frazer 2008).

Differential diagnosis

The combination of thickened intestinal (small
bowel) wall (44, 45), as shown by means of
abdominal ultrasound and hypoalbuminaemia in
older foals, must be regarded as pathognomonic for



Bacterial diseases

43 Proliferative enteropathy. Profuse diarrhoea as can be seen
in Lawsonia enteritis-affected foal. Note also the rough
haircoat.

the disease. Weight loss and mild small bowel protein
losing enteropathy might be associated with
Parascaris equorum infection in older foals.

Diagnosis

Observation of older foals for typical clinical signs,
abdominal ultrasound revealing thickened intestinal
wall (range 4-8 mm, median 6 mm; normal range 3
mm at maximum [Reef 1998]), the presence of
hypoalbuminaemia, and ruling out other differential
diagnoses for enteric disease allow early initiation of
treatment and aid in interpreting faecal PCR and

Figryoen e nentieEpRRPIRERRRERNDN N

44, 45 Proliferative enteropathy. A diffuse thickening of the
small intestinal wall in a foal associated with a Lawsonia
intracellularis infection. Note the swollen mesenteric lymph
nodes in the centre of the small intestinal convolute. This
particular case proved to be PCR-positive for the causative
bacterium (44). Proliferative enteropathy. Transversely cut
portion of the thickened small intestinal wall (ileum). Lawsonia
intracellularis. (Scale in mm.) (45)

serum immunoperoxidase monolayer assay (IPMA)
results (Frazer 2008). An IPMA titre =260 is
considered positive for L. intracellularis infection
(Frazer 2008). Affected horses tested positive on
faecal PCR and IPMA in 75% and 81% of cases,
respectively. In comparison, age-matched, clinically
normal herd mates also tested positive for L.
intracellularis on faecal PCR (6%) and IPMA (33%)
(Frazer 2008). In other studies, however, only 33—
55% of horses with clinically suspected infection
were found to be positive on faecal PCR analysis
(Lavoie et al. 2000, Sampieri et al. 2006).
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It should be realized that PCR testing does not
differentiate between viable and nonviable DNA
(Frazer 2008). Only 50% of horses with clinical
signs of EPE tested positive on both faecal PCR and
serum IPMA, which stresses the importance of
running both of these diagnostic tests on all
suspected horses (Frazer 2008). Rectal swabs
should be considered as an alternative sample type
for EPE-suspected patients with decreased or no
faecal output. By analysing dual samples, the PCR
detection rate for L. intracellularis increased from
76% and 79% for rectal swabs and faeces,
respectively, to 90% (Pusterla ez al. 20100).

For diagnosis of EPE, hypoproteinaemia
might be used as a screening test (Lavoie et al.
2000).

Pathology

The disease is characterized by the intense
hyperplastic proliferation of crypt epithelium
(adenomatosis) predominantly in the distal ileum,
but can extend proximally into the jejunum and
distally into the large intestine. Gross pathological
alterations characterized by proliferative thickening
of the ileal wall are pathognomonic in foals (46, 47).
Post-mortem diagnosis relies on histological
examination of infected tissues and use of silver
stain, immunofluorescence, and PCR. Curved
bacteria can be readily demonstrated by silver stain
(Warthin—Starry) in the apical cytoplasm of the
proliferating enterocytes. A more sensitive method is
immunohistochemistry using a monoclonal antibody
to L. intracellularis. PCR of intestinal lesions is the
most sensitive and specific technique for diagnosis
(Deprez et al. 2005, Wuersch et al. 2006).
Histological examination reveals a necrotizing
enteritis with focal adenomatosis and segmental
mucosal ulceration (48). Haemorrhages and plasma
cell infiltration are present in the lamina propria.
Calcification of the lamina elastica interna of the
small arteries might also be observed in the
submucosa (Deprez et al. 2005, Frazer 2008). In
addition, depletion of lymphoid nodules can be
observed both on jejunum and colon samples
(Sampieri et al. 2006).

Management/Treatment

Treatment with erythromycin estolate (25 mg/kg BW,
PO, g8h) alone or combined with rifampicin
(rifampin) (7 mg/kg BW, PO, q12h) for a minimum of
21 days is recommended, with additional
symptomatic treatment including plasma transfusion,
parenteral nutrition, and antiulcer medications when
indicated (Lavoie ef al. 2000, Deprez et al. 2005).
Oxvytetracycline (6.6 mg/kg BW bid IV) and
doxycycline (10 mg/kg BW bid PO) are also effective

treatments for EPE (Sampieri et al. 2006). Given the
high prevalence of L. intracellularis in pigs, direct
contact of foals with pigs should be prevented
(Lavoie et al. 2000, Deprez et al. 2005). L.
intracellularis is not able to survive outside the host
for more than 2 weeks at room temperature (Collins
et al. 2000).

Foals vaccinated intrarectally with a modified-
live vaccine of L. intracellularis seroconverted after
the first vaccine, compared to 50% and 0% of foals
following oral drenching after pre-medication with
a proton-pump inhibitor or orally without any pre-
medication, respectively. Premedication with
omeprazole prior to oral vaccination to increase
stomach pH and decrease the effect of low pH on
the viability of the challenged L. intracellularis led
to an earlier and stronger detectable humoral
response compared to non-premedicated foals
(Pusterla et al. 2009a). Unfortunately, faecal
shedding of L. intracellularis was detected in mares,
immunized intrarectally with a modified-live
L. intracellularis vaccine 3-5 weeks before the
expected foaling dates, 12-15 days following
administration, and lasted for 1-3 days (Pusterla et
al. 2009¢).

Public health significance
EPE is not currently reported to be a zoonosis
(Lavoie et al. 2000).
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46, 47 Proliferative enteropathy. A longitudinal opened
portion of the small intestine (ileum) gives a view of the raised
corrugated mucosa as a result of the hyperplastic crypts and
thickened submucosa. Lawsonia intracellularis.

48 Proliferative enteropathy. Micrograph at small
magnification of a portion of hyperplastic ileal mucosa with
blunted villi (darker upper portion) and the underlying
severely thickened oedematous and inflamed submucosa.
Lawsonia intracellularis. (H&E stain. Bar 500 um.)
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Campylobacter spp.

Phylum BXII Proteobacteria

Class V Epsilonproteobacteria/Family 1
Campylobacteraceae/Genus I Campylobacter:
Aerobic/microaerophilic, motile, helical/vibrioid
Gram-negative bacteria

Definition/Overview
Campylobacter spp. are among putative pathogens
found at very low prevalence in foal diarrhoea.

Aetiology
Campylobacter spp. are thermophilic Gram-negative
rods.

Epidemiology

Birds are one of the most important reservoirs of
Campylobacter spp. With a relatively high internal
body temperature of around 42°C, they offer the
appropriate environment for these bacteria, which
show special thermal requirements (Wysok &
Uradzinski 2009), whereas long-term survival of
Campylobacter jejuni at low temperature is
dependent on polynucleotide phosphorylase activity
(Haddad et al. 2009). Rats were found to be infected
with strains of C. jejuni with bacterial restriction
endonuclease DNA analysis patterns indistinguish-
able from those infecting humans, poultry, and a
horse (Kakoyiannis et al. 1988).

Pathophysiology

C. jejuni actively penetrates the intestinal mucus
layer, secretes proteins mainly via its flagellar
apparatus, is engulfed by intestinal cells, and can
disrupt the integrity of the epithelial lining.
Furthermore, @ C.  jejuni  stimulates  the
proinflammatory pathway and the production of a
large repertoire of cytokines, chemokines, and innate
effector molecules (van Putten et al. 2009).

Incubation period
Not established in the equine species yet.

Clinical presentation

Campylobacter spp. were among putative pathogens
found at very low or zero prevalence in foal
diarrhoea (Al-Mashat & Taylor 1986, Browning et
al. 1991, Netherwood et al. 1996). In addition, C.
fetus subsp. fetus was cultured from jugular venous
blood in a 10-month-old Standardbred colt with
granulomatous enteritis. However, at necropsy the
bacterium could not be isolated from tissues
(Johnson & Goetz 1993). Furthermore, abortion
caused by C. fetus subsp. fetus was diagnosed in a
7-month-old equine fetus (Hong & Donahue 1989).

Differential diagnosis
The differential diagnosis includes various causes of
diarrhoea in foals (see p. 262).

Diagnosis

A fresh faecal sample and/or a rectal tissue biopsy
might reveal Campylobacter spp. with microaerobic
culture (Hurcombe ez al. 2009). However, diagnosis
should depend on the detection of Campylobacter
spp. combined with clinical signs.

Pathology

Campylobacter spp. can incite a mild to moderate
enterocolitis possibly combined with epithelial
erosion.

Management/Treatment

Treatment of diseased animals is supportive,
especially with regard to diarrhoea. A 2-year-old
Quarter Horse evaluated for chronic diarrhoea and
weight loss of 5 weeks duration responded
transiently to fluoroquinolone administration,
forming discrete faecal balls after 72 hours of
treatment. However, at 5 months follow-up it
reverted back to having soft ‘cow-pie’ faeces
(Hurcombe et al. 2009).

Public health significance

Poultry appear to be a major source of infection for
C. jejuni in humans, with nearly half of the human
isolates giving patterns which are indistinguishable
from those isolated from poultry (Kakoyiannis et al.
1988).
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Helicobacter equorum

Phylum BXII Proteobacteria

Class V Epsilonproteobacteria/Family II
Helicobacteraceae/Genus 1 Helicobacter: Aerobic/
microaerophilic, motile, helical/vibrioid Gram-
negative bacteria

Definition/Overview

To date, at least nine gastric and 20 enterohepatic
formally named Helicobacter spp. have been
identified in a large variety of animal species (Euzéby
2007). However, an association between
Helicobacter pylori and gastric ulceration (49, 50)
has not been established in the equine species yet.

Aetiology
Helicobacter equoruwm is an urease-negative
Helicobacter species (Moyaert et al. 2007¢).

Incubation period
H. equorum DNA was detected in faecal samples

from 1-3 days following intragastric inoculation
(Moyaert et al. 2007a).

Clinical presentation

H. equorum has been isolated from faecal samples of
clinically healthy horses and sites of colonization are
caecum, colon, and rectum (Moyaert et al. 2007¢)
indicating no appreciable clinical signs. The agent is
highly prevalent in <6-month-old foals. In adult
horses, the prevalence of H. equorum seems to be
rather low, but these animals may harbour low,
subdetectable numbers of this microorganism in their
intestines (Moyaert et al. 2009).

Differential diagnosis
Not appropriate as of yet.

Diagnosis

H. equorum DNA can be identified using PCR
amplifying a 1,074-bp fragment (Moyaert et al.
2007b).

Pathology
No apparent pathology.

Management/Treatment
Not considered necessary.

Public health significance

Not convincing yet. H. equorum DNA was not
detected in human faeces, indicating that this
microorganism does not commonly spread from
horses to humans (Moyaert et al. 2009).

49 Erosions and ulceration of the squamous part (left) of the
gastric mucosa as visualized in vivo using an endoscope.

\

50 The squamous part (left) of the gastric mucosa almost
completely destroyed although the margo plicatus is still
distinguishable as visualized in vivo using an endoscope.

49
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Clostridium botulinum: BOTULISM

(‘SHAKER FOAL DISEASE’)

Phylum BXIII Firmicutes

Class I Clostridia/Order I Clostridiales/Family I
Clostridiaceae/Genus 1 Clostridium: Endospore-
forming Gram-positive rods and cocci

Definition/Overview

The botulinum neurotoxin, a marvel of protein
design (Montal 2010), is the most potent toxin
known, with as little as 30-100 ng potentially fatal,
and is responsible for botulism, a severe
neuroparalytic disease that affects humans, animals,
and birds (Peck 2009). Botulism can arise from
preformed toxin, wound infection, or intestinal
toxico-infection. All three forms can occur in
humans as well as in animals (Critchley 1991).
Intoxication classically presents as an acute,
symmetrical, descending flaccid paralysis (Dembek
et al. 2007). Clinical suspicion of botulism remains
the cornerstone of diagnosis (Sobel 2009) in the
absence of electrophysiological testing. Early
treatment with antitoxin generally results in a
favourable outcome. Botulism can be prevented by
vaccination (Whitlock & Buckley 1997).

Aetiology

The disease is caused by a neurotoxin released from
Clostridium botulinum, a Gram-positive, obligate
anaerobic rod-shaped bacterium transmitted as
spores and present in soil throughout the world.
Botulinum neurotoxins (BoNTs) are among the most
potent naturally occurring toxins and are a category
A biological threat agent. The seven toxin serotypes
of BoNT (serotypes A—G) have different toxicities,
act through three different intracellular protein
targets, and exhibit different durations of effect
(Dembek et al. 2007). The ability to form BoNT is
restricted to six phylogenetically and physiologically
distinct bacteria (C. botulinum groups I-IV and
some strains of C. baratii and C. butyricum) (Peck
2009). It has also emerged that the BoNT-forming
clostridia are not overtly pathogenic (unlike C.
difficile), but saprophytic bacteria that use the
neurotoxin to kill a host and create a source of
nutrients. The neurotoxin gene is present within a
cluster of associated genes, and can be located on the
chromosome, a plasmid, or a bacteriophage (Peck
2009). Disease in horses has been attributed to
serotypes A, B, C, and D (Kinde et al. 1991, Szabo et
al. 1994, Gerber et al. 2006, Johnson et al. 2010).
Horses appear to be more sensitive to botulinum
toxin type B, compared with other species (Adam-
Castrillo et al. 2004).

Epidemiology

Botulism may follow ingestion of food contaminated
with BoNT, from toxin production of C. botulinum
present in the intestine or wounds (e.g. open
castration), or from inhalation of aerosolized toxin
(Bernard et al. 1987, Dembek et al. 2007). Foals may
especially suffer from toxico-infectious botulism, a
condition where the C. botulinum might colonize
and produce toxin within the GI tract (Galey 2001).
One important feature that has contributed to the
success of BoONT-forming clostridia is their ability to
form highly resistant endospores. The spores,
however, also present an opportunity to control these
bacteria if escape from lag phase (and hence growth)
can be prevented (Peck 2009).

Potential sources include carrion in hay, mouldy
or otherwise rotted vegetation or forage, birds
carrying material from animal burial or other
similar sites, and contaminated carcasses on-site
(Kinde er al. 1991, Galey 2001, Johnson et al.
2010). Equine fodder-borne botulism in Europe is
most probably caused by BoNT/C and BoNT/D
(Gerber et al. 2006). In addition, neurotoxin B
genes were detected in 94% of soil samples. Fewer
soil samples were positive for C. botulinum type B
by the mouse bioassay (15%) than by any DNA-
based detection system. Hybridization of a type B-
specific probe to DNA dot blots (26% of the
samples positive) and PCR-enzyme-linked assay
(77% of the samples positive) were valid for rapid
soil analysis, with conventional detection of PCR
products by gel electrophoresis being the most
sensitive method (300 cell limit) (Szabo et al. 1994).
As a consequence, there is also the possibility that
the development of pica through lack of essential
nutrients could lead to the ingestion of
contaminated substances facilitating botulinum
intoxication (Critchley 1991).

A total of 31% horses were ELISA positive for
anti-BoNT/C IgG antibodies in Israel. The farm and
its geographical region were associated significantly
with seropositivity; horse-level variables, such as
gender and breed, were also associated with
seropositivity. Quarter Horse and Warmblood
mares placed in the southern region of Israel had
the highest odds ratio to be tested positive for anti-
BoNT/C IgG antibodies (Steinman et al. 2007). In
Switzerland, the incidence of equine botulism had
increased in the preceding 5 years (Gerber et al.
2006).

Shaker foal disease shows the highest incidence
in Kentucky and the mid-Atlantic region of the USA
(Wilkins & Palmer 20034), whereas almost all type
A cases and outbreaks occurred in the western USA,
with Oregon and Idaho overrepresented (Johnson et
al. 2010).
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Pathophysiology

When C. botulinum spores were given orally to
horses they were innocuous, and they produced
toxicosis only when necrotic lesions were present
(Swerczek 1980a). BoNT is a modular nanomachine:
an N-terminal Zn?*-metalloprotease, which cleaves
the soluble N-ethylmaleimide-sensitive factor
attachment protein receptor; a central helical
protein-conducting channel, which chaperones the
protease across endosomes; and a C-terminal
receptor-binding module, consisting of two
subdomains that determine target specificity by
binding to a ganglioside and a protein receptor on
the cell surface and triggering endocytosis. BONT
proteases disable synaptic vesicle exocytosis by
cleaving their cytosolic soluble N-ethylmaleimide-
sensitive factor attachment protein receptor
substrates (Montal 2010). As a consequence, a
presynaptic blockade of neuromuscular transmission
with reduced release of acetylcholine occurs,
associated with electrophysiological findings ranging
from spontaneous activity and small motor unit
potentials of short duration to complete electrical
silence on needle EMG (Souayah et al. 2006).
Protective antibodies when bound to the toxin at
sites that coincide or overlap with synaptosomes-
binding would prevent the toxin from binding to the
nerve synapse and therefore block toxin entry into
the neuron. Thus, analysis of the locations of the
antibody-binding and the synaptosomes-binding
regions provides a molecular rationale for the ability
of protecting antibodies to block BoONT/A action in
vivo (Atassi et al. 2007). On the other hand, the use
of BoNT/A (Botox) is under study as a therapeutic
option for stringhalt in horses (Wijnberg et al. 2009).

Incubation period

The incubation period is as short as 6 days following
IM inoculation with BoNT/B and simultaneous
induction of muscle necrosis and death 48-60 hours
after the onset of clinical signs. However, yearling
Thoroughbred colts died from respiratory arrest
within 6 hours after IV inoculation with BoNT/B
(Swerczek 1980b). In comparison, injection of 2,500
IU of BoNT/B toxin in the anal sphincter resulted in
mild generalized weakness, low head carriage,
diarrhoea, and dysphagia on day 10. Neuromuscular
deficits had resolved by day 24 (Adam-Castrillo et
al. 2004).

Clinical presentation

A tentative diagnosis is usually based on the presence
of the following clinical findings: anxious attitude,
delayed pupillary light response, mydriasis, ptosis,
reduced tone of the tongue, throat, or lips, slow
chewing, salivation, and difficulties swallowing (51),

51 Clinical suspicion remains the cornerstone of diagnosis of
botulism in the absence of electrophysiological testing, with
clinical findings including reduced tone of the tongue,
difficulties in swallowing, and salivation. However, dysphagia
is not a consistent finding.

i AN N ..

52 Generalized muscle weakness that progressed to
recumbency in a 13-year-old Haflinger mare suffering from
(fatal) botulism. Needle electromyography did not reveal the
presence of motor unit action potentials in skeletal muscle.

generalized muscle weakness that progresses during
a period of 1-4 days to lateral recumbency (52),
decreased tail tone, small hard faecal balls, and slow
prehension of feed. Botulism should also be
considered in cases where intolerance to exercise
might be seen in the horse. Dysphagia may also be
present, although it is not a consistent finding (Kinde
et al. 1991, Whitlock & Buckley 1997, Schoenbaum
et al. 2000, Galey 2001, Gerber et al. 2006).
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Affected animals might appear alert and interested
in eating and drinking even while recumbent
(Schoenbaum et al. 2000) or even show increased
appetite (Kinde et al. 1991). Death occurs secondary
to respiratory muscle paralysis (Swerczek 19800,
Wilkins & Palmer 2003a).

In ‘Shaker foal’ disease, the toxico-infectious
botulism of foals, foals either were found dead
without premonitory signs of illness or, most often,
had signs of progressive and symmetric motor
paralysis. Stilted gait, muscular tremors, and the
inability to stand longer than 4-5 minutes were the
salient clinical signs. Other clinical manifestations
included dysphagia, constipation, mydriasis, and
frequent urination. As the disease progressed,
dyspnoea with extension of the head and neck,
tachycardia, and respiratory arrest occurred. Death
occurred most often 24-72 hours after the onset of
clinical signs (Swerczek 19804, Wilkins &
Palmer 2003a). Approximately 50% of these cases
required oxygen therapy, whereas 30% required
mechanical ventilation. Mean duration of
hospitalization was 14 days (Wilkins & Palmer
2003a). Mechanical ventilation of foals with
botulism and respiratory failure appears to be an
effective adjunct therapy, with survival in treated
foals being 88-96% (Wilkins & Palmer 2003b).
Lethality of type A and C botulism in horses was
91% (Johnson et al. 2010) and 82% (Kinde et al.
1991), respectively.

It has been suggested that C. botulinum types C
and D are involved in the aetiology of equine grass
sickness (EGS) (53-57) (Hunter et al. 1999, Nunn
et al. 2007). However, it has been shown that with
reference to synaptophysin, an integral membrane
protein of synaptic vesicles regarded as an
immunohistochemical marker for degenerating
neurons, different mechanisms cause neuronal
damage and/or dysfunction in EGS and botulism
(Waggett et al. 2010). In addition, electro-
myographic (EMG) findings seen in horses with
grass sickness (Wijnberg et al. 2006) differ from the
expected readings in botulism.

Differential diagnosis

Diagnosis of botulism is often a clinical diagnosis
backed up by elimination of other possible
infectious, injurious, or toxic causes of weakness of
the horse. Definitive diagnosis and type identification
in the laboratory are difficult and usually require a
suitable sample of the source material (Galey 2001).
The differential diagnosis predominantly includes
various causes of acute neurological disease (see p.
262).

Diagnosis
Increased cerebrospinal fluid (CSF) creatine kinase
(CK) activity was reported in CSF samples from
horses with botulism (Furr & Tyler 1990). Definitive
diagnosis requires detection of botulinum toxin in
plasma, serum, GI contents, or body tissues like liver
(Kinde et al. 1991, Szabo et al. 1994, Whitlock &
Buckley 1997, Schoenbaum ez al. 2000). Early
diagnosis is important because antitoxin therapy is
most effective when administered early in the course
of the disease.. Confirmatory testing of botulism
with BoNT assays or C. botulinum cultures is time
consuming, and may be insensitive in the diagnosis
of inhalational botulism and in as many as 32% of
food-borne botulism cases (Dembek et al. 2007).
Sensitivity of an ELISA for detecting type C and
D toxins compared with mouse inoculation was
70% and specificity 96% on samples from animals
with botulism diagnosed on clinical signs and herd
history. However, both mouse inoculation and the
ELISA failed to detect toxin in many animals with a
presumptive diagnosis of botulism. Some cross-
reaction was seen with C. novyi type A, but not
with other clostridial species. While the ELISA
cannot replace mouse inoculation for the diagnosis
of botulism, it is a useful additional test (Thomas
1991). In comparison, the mouse bioassay failed to
detect botulinum toxin in the serum samples of
nearly one-third of injection drug users with
characteristic wound botulism (Wheeler et al.
2009). Single supramaximal stimulations is a simple
and reliable electrodiagnostic test for botulism,
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53, 54 Chronic grass sickness in a 3-year-old Warmblood mare (overview 53) and photograph of the head in vivo (54) following
administration of phenylephrine ( a-1 adrenergic agonist) eyedrops (see Hahn & Mayhew 2000) in the left eye, resulting in a
reduction in ptosis. In comparison, the right eye illustrates ptosis.

55 Left nostril of
a 3-year-old
Warmblood mare
suffering from
chronic grass
sickness
illustrating
rhinitis sicca.

56 Grass sickness (dysautonomia). Colon ascendens
containing dehydrated impacted ingesta/feed contents due to
dysautonomic dysperistalsis as a sequel of autonomic
ganglionic neuronal degeneration. Clostridium botulinum is
associated as a probable aetiology. Possible additional lesions
are gastric impaction and crusting of the nasal orifices.

57 Grass sickness (dysautonomia). Neuronal chromatolysis in the
coeliac autonomic ganglion. Close-up of several affected neurons
displaying striking typical degenerative changes such as: severe
chromatolysis with formation of a central eosinophilic core and
cytoplasmic vacuolation (large arrow) and within the same :
neuron a flattened pyknotic marginated nucleus, cytoplasmic accumulation of light brown granular lipofuscin pigments
(arrowheads), and interspersed shrunken eosinophilic necrotic perikarya with complete loss of their nucleus (small arrows). (H&E
stain. Bar 50 um.)
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associated with a sensitivity of 95% and a
specificity of 100% in humans (Witoonpanich ez al.
2009). Single-fibre EMG (Wijnberg et al. 2010)
allows rapid identification of botulism while
bioassay studies are in progress, revealing an
increase in jitter (58) (Padua et al. 1999).

Pathology

Pathology usually remains inconclusive; apart from
the anaerobic entry wounds and predisposing sites
for the development of toxico-infectious botulism
like gastric ulcers, foci of necrosis in the liver, and
abscesses in the navel and lungs, there are no
characteristic gross and histopathological lesions in
botulism (Swerczek 1980a).

Management/Treatment

Early treatment with antitoxin (Whitlock & Buckley
1997, Dembek et al. 2007) combined with intensive
care (59) (Gerber et al. 2006) generally results in a
favourable outcome. Seven of 10 horses treated with
type C antitoxin and plasma obtained from horses
hyperimmunized with C. botulinum type C toxoids
survived (Kinde et al. 1991).

Aluminium hydroxide based mono- and bivalent
recombinant HcBoNT/C and D vaccines were
characterized by good compatibility and the ability
to elicit protective antibody titres similar or
superior to the commercially available toxoid
vaccine (Stahl et al. 2009). The recombinant vaccine
showed fewer adverse reactions compared to a
commercially available vaccine, but induced similar
concentrations of neutralizing antibodies (Frey et al.
2007).

Horse antiserum against BONT/A or human and
mouse (outbred) antisera against the toxoid
recognized similar regions on BoNT/A, but
exhibited some boundary frame shifts and
differences in immunodominance of these regions
among the antisera (Atassi et al. 1996).

Prevention (high standards of forage quality and
vaccination) is of utmost importance (Whitlock &
Buckley 1997, Gerber et al. 2006).

Public health significance

Botulism has public health significance since a case
of a veterinarian, who was likely to be
infected/intoxicated by C. botulinum during the
handling of a diseased animal, has been reported. It
should be realized that in horses with botulism,
tonsils might contain both vegetative toxigenic
bacteria and BoNT (Bohnel et al. 2008).

¢ AR

58 Single-fibre EMG is regarded as the gold standard
diagnostic technique in botulism, allowing rapid identification
while bioassay studies are in progress. This technique reveals
an increase in jitter in botulism and is also available for use in
horses.

59 Botulism in an 8-day-old filly. Mechanical ventilation of
foals with botulism and respiratory failure appears to be an
effective adjunct therapy. (Courtesy of Dr M. Aleman,
University of California, Davis, USA.)
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Clostridium difficile

Phylum BXIII Firmicutes

Class I Clostridia/Order I Clostridiales/Family I
Clostridiaceae/Genus 1 Clostridium: Endospore-
forming Gram-positive rods and cocci

Definition/Overview

Acute  enterocolitis  (including  duodenitis—
proximal jejunitis) (60, 61) eventually followed by
diarrhoea is caused by Clostridium difficile (formerly
Bacillus difficilis), in some cases preceded by
treatment with P-lactam antibiotics. It has been
suggested that C. difficile may also be a nosocomial
infection in horses (Baverud et al. 1997).

Aetiology

C. difficile is a Gram-positive or Gram-variable,
strictly anaerobic spore-forming bacterium that is an
important cause of diarrhoea in humans, and a
commonly identified nosocomial pathogen in human
hospitals (Norén 2005). In 1935, a new species of
bacterium was named Bacillus difficilis, the species
name given because of its difficult anaerobic
isolation from human faeces. Forty years later, it was
renamed Clostridium difficile and identified as the
cause of pseudomembranous colitis in man. This
organism is the most common cause of nosocomial
diarrhoea, and incidence has increased since the
appearance of a hypervirulent strain in 2000
(Kuipers & Surawicz 2008). Toxins A and B are
responsible for the pathological changes that result
in the clinical signs of disease (Weese et al. 1999).
Furthermore, metronidazole-resistant strains may be
associated with severe disease (Magdesian et al.
2006).

Epidemiology

A geographic association was found with areas in a
large animal clinic where nosocomial C. difficile
diarrhoea in horses had previously been diagnosed.
C. difficile was implicated in approximately 20-25%
of cases of enterocolitis in adult horses and foals at
the Ontario Veterinary College, Canada (Weese et al.
2000a).

Identical strains of C. difficile were present in
36% of mare—foal pairs indicating that mare—foal
pairs can harbour C. difficile subclinically and are
potential reservoirs for colonization of each other
(Magdesian & Leutenegger 2011).

Pathophysiology

The pathogenesis of the disease is attributable to a
number of virulence factors, including large
enterotoxins such as toxins A (enterotoxin)
and B (cytotoxin). Adenosine diphosphate
ribosyltransferase (binary toxin) has also been

detected in equine isolates of C. difficile. Its role in
the pathogenesis of disease has not yet been
established (Magdesian et al. 2006, Arroyo et al.
2006). Receptor-mediated endocytosis of the toxins
is followed by endosomal acidification, a necessary
step for conversion of the toxin to its active form in
the cytosol. Specific cell surface receptors have been

60 Haemorrhagic gastric reflux is
associated with
duodenitis—proximal jejunitis.

61 Large volumes of (haemorrhagic) gastric reflux are
associated with duodenitis—proximal jejunitis. Additional
clinical signs seen in duodenitis—proximal jejunitis are fever,
sluggishness, and reactive hepatitis.

55
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characterized for toxin A. Both toxins disrupt the
actin cytoskeleton by disrupting Rho-subtype,
intracellular signalling molecules. Disruption of the
actin cytoskeleton is catastrophic for cellular
function, but inflammation and neurogenic stimuli
are also involved in the pathogenesis of the disease
(Keel & Songer 2006).

Incubation period

C. difficile was isolated from faeces of foals between
24 and 72 hours after inoculation and toxins A or B
or both were detected in the faeces of all foals by an
enzyme-linked immunosorbent assay (Arroyo et al.
2004).

Clinical presentation

Clinical signs associated with C. difficile enterocolitis
in horses can range from mild diarrhoea to severe
haemorrhagic necrotizing enteritis (62, 63). In foals,
the small intestine is more severely affected than the
large intestine. Foals as young as 1 day old can have
diarrhoea, probably because of the lack of a stable
protective GI tract microflora (Weese et al. 1999).
Clinical signs in foals after inoculation vary from
mild abdominal discomfort and pasty faeces to colic
and watery diarrhoea associated with haemorrhagic,
necrotizing enterocolitis (Jones et al. 1988, Arroyo
et al. 2004). Furthermore, lactose intolerance has
been reported as a sequel to clostridial enterocolitis
in a 12-hour-old Quarter Horse foal (Weese et al.
1999). C. difficile is also associated with acute colitis
in mature horses treated with f-lactam antibiotics
(Baverud et al. 1997). Duodenitis—proximal jejunitis
has also been associated with toxigenic strains of
C. difficile (Arroyo et al. 2006). Horses infected with
strain B were 10 times as likely to have been treated
with metronidazole prior to the onset of diarrhoea
as horses infected with other strains. Duration from
onset of diarrhoea to discharge (among survivors)
was longer, systemic inflammatory response
syndromes were more pronounced, and mortality
rate was higher in horses infected with strain B than
those infected with strains A and C combined
(Magdesian et al. 2006). In contrast, it has been
reported that horses with toxin A in their faeces had
a significantly higher mortality rate than did horses
negative for toxin A in their faeces (Ruby et al.
2009).

Differential diagnosis
The differential diagnosis includes various causes of
acute diarrhoea (see p. 263).

Diagnosis

Diagnosis of C. difficile requires bacterial culture or
demonstration of toxins in faeces. Culture does not
differentiate carriers from those with disease nor
does it confirm the presence of toxins (Kuipers &
Surawicz 2008). Because nontoxigenic strains can be
isolated, the association of C. difficile with
enterocolitis is best made by culture of the organism
and demonstration of cytotoxin in the faeces. An
enzyme immunoassay to detect toxin production is a
rapid, relatively inexpensive, and accurate test
(Weese et al. 1999). Sensitivity and specificity of an
ELISA for detection of C. difficile antigen were 93%
and 88% when assay results were compared with
results of microbial culture following direct plating,
and 66% and 93% when assay results were
compared with results of microbial culture following
broth enrichment (Ruby ez al. 2009). In addition, a
commercially available C. difficile Tox A/B II ELISA
was validated for detection of C. difficile toxins in
horse faeces in comparison to a cell cytotoxicity
assay (CTA), the accepted gold standard for
C. difficile toxin detection (Medina-Torres et al.
2010).

A positive enzyme immunosorbent assay result
was reported in 44% of diarrhoeic horses. Twenty-
seven per cent of cases did not possess any toxin
genes (A, B, or CDT [binary toxin]. There was no
association between the presence of different
ribotypes or strains and toxin gene profiles and the
clinical outcome (Arroyo et al. 2007). Eighty per
cent of isolates from  horses  with
duodenitis—proximal jejunitis possessed genes
encoding the production of both main toxins, A and
B, while two were variant strains that produced
toxin B but not toxin A. Additionally, genes
encoding binary toxin (CDT) were present in one
isolate that also carried the genes encoding toxins
A and B. In one study, three of the 10 horses with
duodenitis—proximal jejunitis developed diarrhoea
during hospitalization and C. difficile was
recovered from their faeces (Arroyo et al. 2006).

Pathology

Intestinal lesions due to C. difficile enterotoxaemia
are typically comprised of a haemorrhagic
necrotizing enterocolitis in foals and a necrotizing
typhlocolitis in horses (McGavin & Zachary 2007).
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62, 63 Haemorrhagic necrotizing enterocolitis in foals is associated with Clostridium difficile infection.

Management/Treatment

Although the vegetative form of C. difficile does not
survive for long periods of time in an aerobic
environment, C. difficile organisms can survive
for long periods of time in spore form. Whereas
metronidazole has been suggested as the
recommended treatment for horses with C. difficile-
associated disease, antimicrobial susceptibility
testing of isolates is warranted, as treatment with
metronidazole predisposed horses to colonization
with resistant strains (Magdesian et al. 2006).
Several antimicrobials (like bacitracin zinc and
metronidazole) have been advocated for the
treatment of clostridial enterocolitis; however,
substantial data regarding the efficacy of any of these
are currently lacking (Weese et al. 1999).
Interestingly, Lactobacillus pentosus WE7 isolated
from the faeces of healthy horses was inhibitory
against C. difficile, making it potentially useful as a
therapeutic probiotic (Weese et al. 2004).

In contrast to C. difficile organisms stored
aerobically at 4°C, C. difficile toxins were
considerably more stable and could be detected in
faecal samples for at least 30 days at 4°C (Weese et
al. 2000b). However, the spores persist in the
environment and are difficult to eradicate
(Kuipers & Surawicz 2008).

Public health significance

Since 1978, C. difficile has been clearly connected to
human antibiotic-associated diarrhoea. For decades,
standard treatment has been vancomycin or
metronidazole with equal efficacy in man.
Drawbacks such as the rise of vancomycin-resistant
enterococci have limited the use of vancomycin in
human cases (Norén 2005).

Horse and human isolates are usually positive for
both toxins A and B, but human isolates produced
greater amounts of toxin B. Furthermore, there is
host—species dependency on the ability to attach to
intestinal epithelial cells (Taha er al. 2007).
However, colitis associated with infection by C.
difficile NAP1/027 comprising the current human
‘epidemic strain’, which is associated with human
C. difficile-associated disease was reported in a 14-
year-old Quarter Horse with a 48-hour history of
colic euthanized after failure to respond to
treatment (Songer et al. 2009).
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Clostridium perfringens

Phylum BXIII Firmicutes

Class I Clostridia/Order I Clostridiales/Family I
Clostridiaceae/Genus 1 Clostridium: Endospore-
forming Gram-positive rods and cocci

Definition/Overview

Acute typhlocolitis (including antibiotic-associated
or nosocomial typhlocolitis) eventually followed by
diarrhoea in horses of all ages is caused by the
ubiquitous enterotoxigenic bacterium Clostridium
perfringens (Jones 2000, Weese et al. 2001).
Clostridia produce the highest number of toxins of
any type of bacteria and are involved in severe
diseases in humans and other animals (Popoff &
Bouvet 2009). Equine clostridial enterotyphlocolitis
is being recognized with increasing frequency.
Perhaps it is time to consider clostridial enterocolitis
as vyet another consequence of the use of
antimicrobials analogous to the selective pressures
that result in the emergence of multiple drug-
resistant pathogens (Jones 2000).

Aetiology
C. perfringens is a Gram-positive, strictly anaerobic
spore-forming rod-shaped bacterium that is an
important cause of diarrhoea, occurring worldwide
as constituents of soil and in the GI tracts of animals.
C. perfringens type A was the most common
genotype identified (85%) with the enterotoxin gene
identified in 2.1% of samples, and C. perfringens
type C was identified in < 1% of samples from
broodmares and foals (Tillotson et al. 2002).
Sequence comparison of the ¢pb2 gene of beta2-
toxigenic C. perfringens revealed two genetically
different populations with most of the isolates from
horses carrying the c¢pb2 gene (Johansson et al.
2006) prone to antibiotic-induced ribosomal
frameshifting by aminoglycosides (Vilei ez al. 2005).
C. perfringens type A with the beta2-toxin gene
was identified in 12% of samples from broodmares
and foals (Tillotson et al. 2002). The cpb2 gene of
equine and other nonporcine isolates differed from
that of porcine isolates by the absence of an adenine
in a poly A tract immediately downstream of the
start codon in all nonporcine C. perfringens strains.
Expression of the beta2 toxin was absent in equine
and the other nonporcine strains under standard
culture conditions (Vilei et al. 2005). The high
incidence of beta2-toxigenic C. perfringens in
samples of ingesta, biopsy specimens of the
intestinal wall, and faeces from horses suffering or
dying from typhlocolitis, together with the absence
of this organism in healthy horses provides strong
evidence that beta2-toxigenic C. perfringens plays
an important role in the pathogenesis of

typhlocolitis (Herholz et al. 1999); however,
decreased transcription and/or message instability
may be involved, at least in part, in the low cpb2
production noted for horse GI disease isolates in

comparison to that noted for pig GI disease isolates
(Waters et al. 2005).

Epidemiology

The prevalence of equine clostridial typhlocolitis in
horses with diarrhoea was 25%. C. perfringens
enterotoxin was detected in 16 %, the cpa-encoded
alpha-toxin in 14%, and both toxins in 5% of faecal
samples collected from horses with diarrhoea.
However, a significant association was not found
between detection of enterotoxins in faeces and
development of diarrhoea as a complication of colic
(Donaldson & Palmer 1999). In comparison, C.
perfringens enterotoxin was detected in diarrhoeic
adults (19%) and diarrhoeic foals (29%), but was
not detected in adult horses or foals with normal
faeces. The positive predictive value of isolation of
C. perfringens with respect to the presence of
enterotoxin in faeces was 60% in adult horses and
64% in foals. There was no association between
total faecal C. perfringens spore count (versus the
vegetative form) and enterotoxin in faeces (Weese et
al. 2001).

Rotavirus was most frequently detected (20%)
followed by C. perfringens (18%), Salmonella spp.
(12%), and C. difficile (5%) in hospitalized foals
with diarrhoea. Foals below 1 month of age were
significantly more likely to be positive for C.
perfringens (OR = 15) or to have negative faecal
diagnostic results (OR = 3) than older foals.
However, the type of infectious agent identified in
the faeces or bacteraemia was not significantly
associated with survival (Frederick et al. 2009).
Enterocolitis associated with C. perfringens
infection in neonatal foals is often severe and has
been associated with a high case-mortality risk.
Multivariable logistic regression revealed that foals
of the stock horse type, housing in a stall or drylot
in the first 3 days of life, other livestock present on
the premises in the past, foal born on soil, sand, or
gravel surface, and low amounts of grass hay and
grain fed post-partum were significantly associated
with an increased risk of equine clostridial
enterocolitis. Low grain amounts fed prepartum
represented a decreased risk (East et al. 2000).

The prevalence of C. perfringens in ileal contents
from horses suffering from EGS was not
significantly greater than that for matched-control
horses with non-GI disease (Waggett ez al. 2010).
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64 Clostridial enterotoxaemia. Acute haemorrhagic
typhlocolitis. The voluminous haemorrhagic content spills
from the incised colon and caecum. Clostridial exotoxins cause
severe necrosis of the mucosa and blood vessels resulting in
diffuse intraluminal haemorrhage.

65 Clostridial enterotoxaemia. Acute haemorrhagic
enterocolitis in a foal. Both small and large intestines are
diffusely hyperaemic and include profuse thin haemorrhagic
contents. Clostridium perfringens.

Pathophysiology

Most of the clostridial toxins are responsible for
gangrenes and GI diseases. Three groups of
clostridial toxins have the ability to enter cells: large
clostridial glucosylating toxins, binary toxins, and
neurotoxins. The binary and large clostridial
glucosylating toxins alter the actin cytoskeleton by
enzymatically modifying the actin monomers and the
regulatory proteins from the Rho family, respectively.
Clostridial neurotoxins proteolyse key components
of neuroexocytosis (Popoff & Bouvet 2009). C.
perfringens alpha-toxin is able to induce haemolysis
due to Ca?* uptake through T-type Ca** channels
activated by the toxin (Ochi et al. 2003).
Furthermore, marked fatal hyperammonaemia has
been attributed to C. perfringens via increased
intestinal bacterial production of ammonia that was
readily absorbed through the inflamed bowel wall,
exceeding the hepatic capacity for deamination
(Stickle et al. 2006).

Incubation period

Not established in the equine species yet due to the
variety of types of clostridia involved and the
difficulty of experimentally reproducing the disease
(Jones 2000), but may be as short as 12 hours. It
should be realized that oral administration of
oxytetracycline to horses was rapidly followed by the
appearance of C. perfringens type A in large
numbers and the accumulation of watery fluid in the
rectal contents, whereas these changes were not seen
following  administration of  trimethoprim—
sulphadiazine (White & Prior 1982).

Clinical presentation

The clinical course wusually involves acute
typhlocolitis (including antibiotic-associated or
nosocomial typhlocolitis) eventually followed by
diarrhoea ranging from mild diarrhoea to severe
haemorrhagic necrotizing enteritis in horses of all
ages (64-67).

66, 67 Clostridial enterotoxaemia. Acute
haemorrhagic colitis. The spilled haemorrhagic
contents of the large intestine expose the severely
thickened hyperaemic and oedematous gut wall.
Clostridium perfringens.
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In foals, the small intestine might be more
severely affected than the large intestine. Foals less
than 7 days old that have enterocolitis associated
with C. perfringens infections, especially type C,
have a guarded prognosis (East et al. 1998)
although enterotoxigenic C. perfringens type A may
also cause fatal enteric disease in horses (Bueschel et
al. 1998). Other clinical signs include cellulitis and
associated gas gangrene (Reef 1983), myonecrosis
(Peek et al. 2003, Choi et al. 2003), urachitis and
uroperitoneum in neonatal foals (Hyman et al.
2002), corneal infections (Rebhun et al. 1999), and
purulent pericarditis as a sequela to clostridial
myositis (May et al. 2002). Clostridial myonecrosis
can occur following the IM or inadvertent
perivascular administration of a wide variety of
commonly administered drugs. It is most common
in the neck musculature. The most common
antecedent condition prior to referral was colic.
Aggressive treatment can be associated with
survival rates of up to 81% for cases due to C.
perfringens alone. Survival rates for other Clostridia
spp. tend to be lower (Peek et al. 2003).

Furthermore, severe fatal neurological
abnormalities, including depression, repetitive
muscle fasciculations, muscle stiffening, and
collapse associated with severe hyperammonaemia
(1,369.0 umol/l compared with 15.3 wmol/l in
controls) due to intestinal C. perfringens as a source
of hyperammonaemia in the absence of hepatic
disease has been reported in a 2-year-old Quarter
Horse filly (Stickle er al. 2006).

Differential diagnosis
The differential diagnosis includes various causes of
acute diarrhoea (see p. 263).

Diagnosis

Diagnosis of C. perfringens enterocolitis requires
bacterial culture and/or demonstration of toxins in
faeces combined with clinical signs. As
C. perfringens type C is not frequently isolated from
the faeces of healthy horses, high counts or
monoculture of C. perfringens type C suggests its
predominance in the flora of the large bowel, and
might support the tentative clinical diagnosis of
equine clostridial typhlocolitis. C. perfringens is
probably part of the normal microflora of neonatal
foals.

Most isolates from broodmares and foals are C.
perfringens type A; thus, the clinical relevance of
culture results alone is questionable for type A
(Tillotson et al. 2002). Agreement between culture
and enterotoxin ELISA for the detection of
C. perfringens in the faeces was poor (kK = 0.085) in

hospitalized foals with diarrhoea (Frederick et al.
2009). The C. perfringens alpha-toxin and the gene
encoding beta2-toxin are frequently detected by
means of phenotypical and PCR examination of
bacterial  isolates  originating from field
samples (Sting 2009). The presence of type III
echinocytes or spheroechinocytes may be helpful in
diagnosing immune-mediated haemolytic anaemia
associated with clostridial infections in horses. In
addition, automated reticulocyte counts may detect
very low levels of reticulocytosis (Weiss & Moritz
2003).

Pathology

Pathology might reveal a haemorrhagic necrotizing
typhlocolitis with degeneration of parenchymatous
organs (68-72). The beta2 toxin might be
demonstrated in sections of stomach, small intestine,
and large intestine by immunohistochemical
methods (Bacciarini et al. 2003).

Management/Treatment

Treatment of diseased horses is supportive (including
transfaunation) especially with regard to diarrhoea.
Of importance, Clostridia in general show a very
good susceptibility to penicillins. Metronidazole
appears to be an effective adjunctive treatment
(McGorum et al. 1998). It should be realized that
aminoglycosides are not effective against anaerobic
bacteria. In addition, treatment of C. perfringens
with the aminoglycosides gentamicin and
streptomycin induced expression of the ¢pb2 gene,
presumably by frameshifting. This result may
explain the finding that treatment with
aminoglycosides of horses affected by beta2-
toxigenic C. perfringens leads to a more accentuated
and fatal progression of equine typhlocolitis (Vilei et
al. 2005). A combination of high-dose IV antibiotic
therapy and surgical fenestration/debridement is the
best approach to cases of clostridial myonecrosis
(Peek et al. 2003).

Di-tri-octahedral smectite effectively adsorbed C.
perfringens exotoxins in vitro and had a dose-
dependent effect on the availability of equine
colostral antibodies, suggesting that it may be an
appropriate  adjunctive  treatment in the
management of neonatal clostridiosis in horses
(Lawler et al. 2008).

Probiotics have not been demonstrated to
provide any beneficial health effects in horses so far.
However, Lactobacillus pentosus WE7 possesses in
vitro and in vivo properties that may be useful for
the prevention and treatment of equine clostridial
typhlocolitis due to C. perfringens (Weese et al.
2004). Furthermore, to combat diseases caused by
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68, 69 Clostridial enterotoxaemia. Acute necrohaemorrhagic enteritis. Sharply delineated, the top half of the small intestinal
mucosa including villi (jejunum) is diffusely pale eosinophilic with loss of cellular detail (necrosis). Clostridium perfringens.
(H&E stain. Bars 500/200 um, respectively.)
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70, 71 Clostridial enterotoxaemia. Close-up micrograph of the affected mucosa on the junction of several intact crypts and
overlying necrosis where an intravascular eosinophilic fibrinous thrombo-embolus is present (arrow). Clostridium perfringens.
(H&E stain. Bars 100/50 um, respectively.)

72 Clostridial enterotoxaemia. Close-up micrograph of pale
eosinophilic villi that lack any cellular detail, i.e. necrotic villi,
which are lined by numerous large basophilic bacterial rods.
Clostridium perfringens. (H&E stain. Bar 50 um.)

toxin-producing C. perfringens successfully, the
implementation of consistent vaccination regimens
in combination with controlled feeding is
recommended (Timoney et al. 20035, Sting 2009).

Public health significance

Clostridia are not normally considered to be
zoonotic pathogens, although many species affect
both humans and domestic animals. Strains of
C. perfringens that produce enterotoxin are typically
transmitted to humans in contaminated, improperly
handled foods (Songer 2010).
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Clostridium piliforme: TYZZER’S DISEASE
Phylum BXIII Firmicutes

Class I Clostridia/Order I Clostridiales/Family I
Clostridiaceae/Genus 1 Clostridium: Endospore-
forming Gram-positive rods and cocci

Definition/Overview

Tyzzer’s disease, an acute sporadically occurring
highly fatal hepatitis followed by sepsis of foals is
caused by Clostridium piliforme (formerly named
Bacillus piliformis).

Aetiology

C. piliforme is a spore-forming soil and manure-
borne, Gram-variable obligate intracellular
bacterium. A monoclonal antibody inhibition assay
detected large amounts of antibody to the flagellar
antigens of C. piliforme type E (horse origin), type
R1 (rat origin), or both in horse sera, indicating that
horses are susceptible to infection with at least two
distinct strains and that there is no apparent cross-
reacting immunity (Hook et al. 1995).

Epidemiology

In one study, foals born between March 13 and April
13 in California had a 7.2 times higher risk of
developing C. piliforme infection than those born at
any other time of the foaling season. Foals of
nonresident mares were 3.4 times more likely to
develop disease than were foals born to resident
mares, suggesting that passive transfer of C.
piliforme-specific antibodies through colostrum may
play a role in protection (Fosgate et al. 2002).

Pathophysiology
Oral exposure by ingestion of spore-containing
faeces from carrier horses with subsequent infection

of the liver via the portal circulation is presumed
(Swerczek 1976).

Incubation period
Not established in the equine species yet, but may be
as short as several hours.

Clinical presentation

Common clinical signs include fever, icterus (73, 74),
lethargy, recumbency, and seizures, with a poor
prognosis illustrated by a median survival time from
onset of disease in nonsurviving foals of 30 hours
(mean 34.5 £ 20.1; range 16-62 hours) (Borchers et
al. 2006).

Differential diagnosis

EHYV1-infection is the most important differential
diagnosis with reference to clinical signs and the
concurrent multifocal hepatic coagulative necrosis in
neonatal foals.

Diagnosis

Tyzzer’s disease is usually diagnosed by post-mortem
examination  disclosing  multifocal  hepatic
coagulative necrosis given its nonspecific and
peracute course. Furthermore, a real-time TagMan
assay has been developed to detect C. piliforme gene
sequences in liver tissue from affected foals (Borchers
et al. 2006).

Pathology

Post-mortem  examination usually discloses
hepatomegaly with multifocal coagulative necrosis
(75-79) and hepatitis with intracytoplasmic
filamentous bacilli consistent with C. piliforme
(Borchers et al. 2006).

73 Icterus is a predominant clinical
sign in Tyzzer's disease in foals as
illustrated in the mucous
membranes of the oral cavity.

74 Bilirubin accumulation as

a sequela of icterus in a foal seen
in the dorsal parts of the

upper teeth.
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Management/Treatment

Survival is rare and successful outcome is possible if
the disease is identified early in its course and
aggressive treatment (ampicillin and gentamicin, as
well as partial parenteral nutrition) is instituted
promptly (Borchers et al. 2006).

75, 76 Tyzzer’s disease. Multifocal hepatic necrosis. Liver of a foal with randomly scattered pale foci of hepatocellular necrosis.
Clostridium piliforme. (75: Giemsa stain. Bar T mm; 76: H&E stain. Bar 500 um.)

77 Tyzzer’s disease. Hepatic necrosis. Close-up of a necrotic
focus surrounded by an inflammatory infiltrate comprised of
neutrophils and mononuclear cells. Clostridium piliforme.
(H&E stain. Bar 200 um.)

78, 79 Tyzzer’s disease. At the margin of a necrotic focus
viable hepatocytes contain numerous stacked
intracytoplasmic large filamentous black-stained bacilli.
Clostridium piliforme. (Warthin-Starry stain. Bars 50/20 um,
respectively.)

Public health significance

Spontaneous Tyzzer’s disease has been reported in
multiple species of laboratory, domestic, and wild
animals but it is extremely rare in humans and
nonhuman primates, e.g. cotton-top tamarins
(Saguinus oedipus) (Sasseville et al. 2007).

L e -
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Clostridium tetani: TETANUS

Phylum BXIII Firmicutes

Class I Clostridia/Order I Clostridiales/Family I
Clostridiaceae/Genus 1 Clostridium: Endospore-
forming Gram-positive rods and cocci

Definition/Overview

Tetanus is caused by a neurotoxin released from
wounds infected with Clostridium tetani, a Gram-
positive bacterium present in soil throughout the
world.

Aetiology

Clostridium tetani, a Gram-positive, obligate
anaerobic rod-shaped bacterium, is transmitted as
spores.

Epidemiology

C. tetani spores occur worldwide as constituents of
soil and in the GI tracts of animals (including
humans) (Roper et al. 2007). The bacterium is
present in the GI tract in 5-9% of healthy horses
(Wilkins et al. 1988). Tetanus affects mammals
worldwide, but the horse seems to be one of the most
susceptible domestic animals (Ansari & Matros
1982, Green et al. 1994). In horses, the umbilical
cord in neonates, retained placenta, puncture
wounds of the foot, and surgical wounds are known
to be frequent sites of C. tetani infection (Ansari &
Matros 1982, Kay & Knottenbelt 2007).

Pathophysiology

Tetanus toxin is one of the most potent toxins ever
identified, with a minimum lethal dose of less than
2.5 ng/kg BW in humans. At autolysis, after death of
the bacterium, the toxin molecule is released and
transformed by bacterial or tissue proteases into its
active form. By cleaving synaptobrevin proteins in
synaptic vesicle membranes, the action of inhibitory
neurons is thereby impeded, leaving a-motor neuron
excitation unopposed, resulting in the muscle rigidity
and long-lasting painful spasms that are
characteristic of tetanus. In addition to its action on
the motor system, tetanus toxin can have profound
and life-threatening effects on the autonomic
nervous system by interrupting spinal inhibitory
sympathetic reflexes, resulting in a hyperadrenergic
state. The action of tetanus toxin within neurons
persists for several weeks; the mechanism of
functional recovery remains unclear (Wassilak et al.
2004, Roper et al. 2007).

Incubation period

The time from inoculation of tetanus spores
into damaged tissue to the appearance of
the first symptom, or incubation period, is usually

3-21 days in man, although cases have been
reported with incubation periods as short as 1 day,
or longer than 1 month (Roper et al. 2007). The
incubation period ranged from 2 days to 2 months in
horses (Green et al. 1994, Galen et al. 2008) and was
not significantly different between survivors and
nonsurvivors (Galen et al. 2008).

Clinical presentation

As consciousness is preserved, tetanus presents a
truly dreadful disease (Roper et al. 2007). The
neurotoxin blocks neurotransmitter release from the
inhibitory pathways of the motor and autonomic
nervous systems, resulting in unrestrained neuronal
activity of both pathways (Humeau et al. 2000). As
a consequence, tetanus is a painful and protracted
disease characterized by increased muscle tone,
muscle spasm (80-82), and, in severe cases,
autonomic dysfunction (Thwaites et al. 2006).
Autonomic dysfunction leading to severe sustained
or labile hypertension, hypotension, tachycardia,
bradycardia, and arrhythmias can also result in life-
threatening haemodynamic instability and cardiac
arrest (Roper et al. 2007). The spontaneous
protrusion of the third eyelid (nictitating membrane)
is regarded as almost pathognomonic for the
disease (83).

Affected horses were reported to have a mean
heart rate of 6117 bpm, respiratory rate of 42+27
rpm, and age of 4.3+4.0 years (Galen ez al. 2008).
Most of the equine patients (84%) were 5 years old
or vyounger; young horses are particularly
vulnerable to tetanus and their prognosis is poorer
than that of older horses (Galen et al. 2008).
Survivors left the hospital between 16 and 32 days
after observation of the first signs (mean=SD:
25.8+5.6 days) (Galen et al. 2008). This is in
agreement with a hospitalization period ranging
from 14 days (Green et al. 1994) to 3-4 weeks
(Ansari & Matros 1982) in other studies in horses.

Differential diagnosis
The differential diagnosis includes meningitis, brain
trauma, tetany (hypocalcaemia), myopathy,

laminitis, and severe lameness. Especially with
reference to the protrusion of the nictitating
membrane hyperkalaemic periodic paralysis (HYPP)
and other channelopathies should be considered.

Diagnosis

The diagnosis of tetanus is made strictly on clinical
grounds (predominantly protrusion of the nictitating
membrane in horses eventually following lifting of
the head), as cultures of human tetanus patients’
wounds frequently fail to detect growth of C. tetani;
moreover, the organism occasionally grows in
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80 Neck stiffness in a 4-week-old Shetland pony mare with
tetanus.

81 Extensor rigidity in a 4-week-old Shetland pony mare with
tetanus.

82 Tonic muscle spasms in a 4-week-old Shetland pony mare
with tetanus.

cultures from patients without tetanus. Furthermore,
negligible serum tetanus antibody concentrations can
support but cannot prove the diagnosis (Roper et al.
2007).

Pathology

Pathology usually remains inconclusive; apart from
the anaerobic entry wound there are no
characteristic gross and histopathological lesions in
tetanus.

Management/Treatment
The specific objectives of tetanus treatment are to
stop the production of toxin at the site of infection,
with appropriate wound care and antibiotic use
(preferably metronidazole); to neutralize circulating
toxin with antitetanus immunoglobulin; and to
provide effective management of muscle spasm
(preferably using acepromazine), respiratory failure,
autonomic dysfunction, and complications that arise
during the course of the illness (Roper et al. 2007).
Equine patients should be placed in a padded, dark,
quiet stable, treated with tetanus antitoxin (IV, IM, or
SC), sedatives, muscle relaxants, and antibiotics. Any
wound or foot abscess should be thoroughly cleaned
and treated appropriately. If needed, patients are fed by
stomach tube and intravenous infusion implemented to
maintain fluid balance. Intrathecal treatment with

83 Protrusion of
third (nictitating)
eyelid is
pathognomonic
for tetanus.

tetanus antitoxin increased survival rate from 50 to
75% as compared with IV or IM treatment (Muylle et
al. 1975).

Magnesium sulphate has several attractive
therapeutic properties in tetanus including muscle
relaxation and cardiovascular effects, which might
ameliorate the effects of autonomic dysfunction
(Altura & Altura 1981). However, magnesium
sulphate heptahydrate infusion did not reduce the
need for mechanical ventilation in human adults
with severe tetanus, but did reduce the requirement
for other drugs to control muscle spasms and
cardiovascular instability (Thwaites et al. 2006). To
the authors’ knowledge no information regarding
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potential beneficial effects of magnesium sulphate
in equine tetanus is available.

Equine survival rates ranged from 25% to 75%
(Muylle et al. 1975, Green et al. 1994) and the case
fatality rate was 68% (Galen et al. 2008). Of the
nonsurvivors, 66% were reported to present with
pulmonary lesions (Green et al. 1994). The
development of dyspnoea, recumbency, and the
combination of dysphagia, dyspnoea, and
recumbency was observed significantly more in the
nonsurvivors (Galen et al. 2008). All nonsurvivors
died within 8 days of the first signs (Galen et al.
2008). The timing of tetanus antitoxin
administration (either immediately after the onset
of suggestive signs or after a delay) was not
different between the two groups (Galen et al.
2008).

In comparison, the prognosis of generalized
human tetanus is strongly predicted by the
incubation and onset periods. Short incubation and
onset periods correlate with increased disease
severity and higher mortality. Autonomic
dysfunction also predicts high mortality, especially
if it manifests early in the disease course (Brauner et
al. 2002, Roper et al. 2007).

The only reliable immunity against tetanus is that
induced by vaccination with tetanus toxoid (Roper
et al. 2007), with carbopol-based adjuvants
showing greatest efficacy (Holmes er al. 2006).
Horses that are incompletely vaccinated against
tetanus are not protected against the disease (Galen
et al. 2008), whereas annual revaccination might
generate 24 months duration of immunity against
tetanus (Heldens ez al. 2010).

The spores are extremely hardy; destruction
requires autoclaving or prolonged exposure to
iodine, hydrogen peroxide, formalin, or
glutaraldehyde (Wassilak et al. 2004).

Public health significance

Maternal and neonatal tetanus are important causes
of maternal and neonatal mortality, claiming about
180,000 lives worldwide every vyear, almost

exclusively in developing countries (Roper et al.
2007).

Mycoplasma spp.

Phylum BXIII Firmicutes

Class IT Mollicutes/Order I Mycoplasmatales/
Family I Mycoplasmataceae/Genus I Mycoplasma

Definition/Overview

Mycoplasma are putative pathogens and it is
generally thought that most species are very host
specific, but there are many reports of Mycoplasma
spp. in hosts that are not perceived as their normal
habitat  (Pitcher & Nicholas 2005). M.
equigenitalium and M. subdolum have been
associated with infertility, endometritis, vulvitis, and
abortions in mares, and with reduced fertility and
balanoposthitis in stallions (Tortschanoff et al.
2005).

Aetiology

Prokaryotic organisms of the genus Mycoplasma are
characterized by their small body and genome size —
0.6-1.35 Mbp. The Mycoplasma genus stems from
the class Mollicutes (for soft skin), which lacks the
cell walls and external motility appendages often
present in other bacteria. To date, there are more
than 200 known species of Mycoplasma (Fadiel et al.
2007, Waites et al. 2008). Mycoplasmas are
generally likely to survive for a long period
(a maximum of 8 days) in horse serum, although the
survival period depends on the species, strain, and
temperature (Nagatomo et al. 1997).

Epidemiology

Clinically healthy stallions may present a permanent
reservoir for infection of mares via venereal
transmission (Spergser et al. 2002).

Pathophysiology

Clinical manifestations of respiratory tract disease
occur as a result of cytadherence of the organism to
the host’s respiratory epithelium, followed by the
production of a variety of substances that induce
local damage and stimulate release of inflammatory
mediators by the host. Severity of disease appears to
be related to the degree to which the host immune
response reacts to the infection (Waites et al. 2008).
Despite their role in equine genital disorders,
determinants of virulence and pathogenesis as well
as factors provoking specific host immune responses
have not been identified to date (Tortschanoff et al.
200S5). It has been shown that impaired bactericidal
activity of equine neutrophils did not predispose
equids to bacterial M. felis pleuritis (Rosendal et al.
1987).



Bacterial diseases

Incubation period
Not established in the equine species yet.

Clinical presentation

Inflammatory airway disease was associated with
tracheal infection with M. equirhinis (Shams Eldin &
Kirchhoff 1994, Wood et al. 2005, Waites et al.
2008) and M. felis (Wood et al. 1997, Newton et al.
2003). M. felis was also identified as the cause of
acute pleuritis with the pleural exudate being
proteinaceous (84), containing large numbers of
neutrophils, and having a markedly increased lactate
concentration (Hoffman et al. 1992). Haemotrophic
mycoplasmas are parasites on the surface of red
blood cells and species closely related to
M. haemofelis and ‘Candidatus Mycoplasma
haemobos’ were found in horses suffering from poor
performance, apathy, weight loss, and anaemia
(Dieckmann et al. 2010).

However, Mycoplasma were rarely isolated and
were not associated with disease in the equine
species in other studies (Christley et al. 2001,
Szeredi et al. 2003, Baczynska et al. 2007).

Diagnosis

Although serology is a useful epidemiological tool
for investigating and characterizing outbreaks in
circumstances where the likelihood of mycoplasmal
disease is high, it is less suited for assessment of
individual patients. The fastidious growth
requirements and length of time necessary to culture
M. pneumoniae (as much as 6 weeks) make growing
the organism impractical for patient management.
Serological assays used to detect acute M.
pneumoniae infection include immunofluorescent
antibody assays, direct and indirect haemag-
glutination using IgM capture, particle agglutination
antibody assays, and enzyme immunoassays (EIAs).
The PCR assay is valuable in identifying a
mycoplasmal aetiology in patients with a variety of
extrapulmonary syndromes in which an obvious
contribution of respiratory infection may not be
readily apparent. Detection of the organism by PCR
is possible in blood and CSF, where culture has rarely
been successful. Use of the PCR assay combined
with serology in symptomatic persons may
be the optimum approach for the diagnosis of
M. pneumoniae respiratory infection (Waites et al.
2008).

84 Fibrinous pleuritis. Copious amounts of yellowish fibrin
cover the visceral pleura. Implicated aetiologies in the horse
are: Streptococcus spp., Nocardia spp., and Mycoplasma felis.
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A fast and simple method to detect mycoplasmal
contamination in simulated samples of animal sera
by using a PCR has been developed (Dussurget &
Roulland-Dussoix 1994). Of swabs from the genital
tract, pre-ejaculatory fluid and semen samples, 80%
of samples were positive by PCR and 29% were
positive by culture. Mycoplasmas were isolated
predominantly from the fossa glandis and urethra
and less frequently from the penis shaft and from
semen. M. equigenitalium (25%) and M. subdolum
(20%) were the predominant species identified and
M. equirhinis and M. felis were detected in 8% and
2% of samples, respectively (Spergser et al. 2002).
The growth of M. equigenitalium and M. subdolum
from specimens collected from the clitoral fossa of
Standardbred mares was not diminished by freezing
of the specimens in liquid nitrogen (-196°C) for up
to 30 days when compared to samples cultured
immediately (Bermudez et al. 1988).

Rising serum antibody titres to M. felis were
demonstrated in horses suffering from acute
pleuritis, with M. felis isolated in pure culture from
pleural fluid (Hoffman et al. 1992).

Pathology
M. felis has been associated with a fibrinopurulent
pleuritis (Hoffman et al. 1992, Jubb et al. 2007).

Management/Treatment
Treatment of diseased horses is supportive.

Public health significance

The most common atypical pneumonias are caused
by three zoonotic pathogens, Chlamydophila psittaci
(psittacosis), Francisella tularensis (tularemia), and
Coxiella burnetii (Q fever), and three nonzoonotic
pathogens, Chlamydophila pneumoniae,
Mycoplasma pneumoniae, and Legionella (Cunha
2006). Although more than 200 species in the genus
Mycoplasma are now recognized, relatively few are
pathogenic in humans. The best known and most
intensely studied of these species is M. prneumoniae.
M. pneumoniae is a common cause of upper and
lower respiratory tract infections in persons of all
ages and may be responsible for up to 40% of
community-acquired pneumonias (Waites et al.
2008). Effective management of M. pneumoniae
infections can usually be achieved with macrolides,
tetracyclines, or fluoroquinolones, but the recent
emergence of macrolide resistance in Japan is of
concern (Waites et al. 2008).

Erysipelothrix rhusiopathiae

Phylum BXIII Firmicutes

Class II Mollicutes/Order V Incertae sedis/Family I
Erysipelotrichaceae/Genus I Erysipelothrix:
Regular, nonsporing Gram-positive rods

Definition/Overview
Endocarditis caused by Erysipelothrix rhusiopathiae
is uncommon and only a few sporadic cases have
been reported in horses.

Aetiology

E. rhusiopathiae is a facultative, nonspore-forming,
nonacid-fast, small, Gram-positive bacillus.
Protective antisera from swine, horses, and mice
recognized prominent bands of molecular mass of
66-64 and 40-39 kDa. Mice immunized with
preparations of the 66—-64 kDa band purified by
preparative electrophoresis were protected. Both
antigens were trypsin sensitive, contained no
detectable polysaccharide, and showed a marked
tendency to aggregate in the absence of sodium
dodecyl sulphate (Groschup et al. 1991).

Epidemiology

The organism is ubiquitous and able to persist for a
long period of time in the environment, including
marine locations. It is a pathogen or a commensal in
a wide variety of wild and domestic animals, birds,
and fish. Swine erysipelas caused by E. rhusiopathiae
is the disease of greatest prevalence and economic
importance. Diseases in other animals include
erysipelas of farmed turkeys, chickens, ducks, and
emus, and polyarthritis in sheep and lambs (Wang
et al. 2010).

Pathophysiology

Neuraminidase plays a significant role in bacterial
attachment and subsequent invasion into host cells.
The role of hyaluronidase in the disease process is
controversial. The presence of a heat labile capsule
has also been reported as important in virulence
(Wang et al. 2010). E. rhusiopathiae can cause
endocarditis, which may be acute or subacute and
has a male predilection in man. It usually occurs in
previously damaged valves, predominantly the aortic
valve. Endocarditis does not occur in patients with
valvular prostheses and is not associated with
intravenous drug misuse (Veraldi ez al. 2009).

Incubation period
Not established in the equine species yet.

Clinical presentation
Clinical signs are predominantly associated with
endocarditis  and/or  disseminated infection
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(McCormick et al. 1985, Seahorn et al. 1989).
E. rhusiopathiae serotype 5 was isolated from blood
obtained antemortem from a horse with presenting
problems of laminitis, uveitis, acute blindness,
localized ventral oedema, and depression. The
patient failed to respond to therapy and died 96
hours after the onset of clinical signs. Cultures of the
lung post-mortem yielded E. rhusiopathiae serotype
5, beta-haemolytic Streptococcus sp., Escherichia
coli, Proteus sp., and Klebsiella sp. (Seahorn et al.
1989).

Diagnosis

Diagnosis should depend on the detection of the
bacteria combined with (most obviously) an
endocarditis.

Pathology

Pathological examination might reveal an
endocarditis.

Management/Treatment

Control of animal disease by sound husbandry, herd
management, good sanitation, and immunization
procedures is recommended (Wang et al. 2010). In
individual cases, a course of oral antimicrobial
therapy for several weeks preferably based on
antibiotic sensitivity testing might be indicated.

Public health significance

Three forms of human disease have been recognized.
These comprise a localized cutaneous lesion form,
so-called erysipeloid, a generalized cutaneous form,
and a septicaemic form often associated with
endocarditis. Infection due to E. rhusiopathiae in
humans is occupationally related, principally
occurring as a result of contact with contaminated
animals, their products or wastes, or soil. Erysipeloid
is the most common form of infection in humans
(Veraldi et al. 2009, Wang et al. 2010). Erysipeloid
is an infection of the skin caused by traumatic
penetration of E. rhusiopathiae. The disease is
characterized clinically by an erythematous oedema,
with well-defined and raised borders, usually
localized to the back of one hand and/or fingers.
Vesicular, bullous, and erosive lesions may also be
present. The lesions may be asymptomatic or
accompanied by mild pruritus, pain, and fever.
Diagnosis of localized erysipeloid is based on the
patient’s history (occupation, previous traumatic
contact with infected animals or their meat) and
clinical picture (typical skin lesions, lack of severe
systemic features, slight laboratory abnormalities,
and rapid remission after treatment with penicillin
or cephalosporin) (Veraldi et al. 2009). Endocarditis
induced by E. rhusiopathiae is an uncommon

disease. Most of the infected persons (90%) work in
environments with frequent exposure to E.
rhusiopathiae (butchers, fishermen). Although the
clinical picture of endocarditis induced by E.
rhusiopathiae is indistinguishable from other forms
of subacute endocarditis, this infection has a
mortality rate of 40% and a high morbidity.
Microbiological diagnosis should consider the
possibility of making a mistake, considering that
isolation of a Gram-positive bacillus may represent
contamination by an agent without clinical
relevance. Treatment with penicillin G for 4 weeks
is commonly sufficient to cure the disease (Azofra et
al. 1991).
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Bacillus anthracis: ANTHRAX

Phylum BXIII Firmicutes

Class III Bacilli/Order I Bacillales/Family I
Bacillaceae/Genus I Bacillus: Endospore-forming
Gram-positive rods and cocci

Definition/Overview

Anthrax is a dramatic, rapidly fatal infectious disease
that affects many animal species and humans,
particularly herbivores, whereas the horse seems to
be less susceptible to anthrax than ruminants. The
disease is caused by Bacillus anthracis characterized
by septicaemia with the exudation of tarry blood
from the orifices of the body (Parkinson et al. 2003,
Fasanella et al. 20105).

Aetiology

B. anthracis belongs to the family Bacillaceae. It is a
Gram-positive bacterium, rod-shaped, aerobic,
immobile, capsulated and spore forming. The
bacterium is 1-1.5 um wide by 5-6 um in length. In
tissue or culture smears, other pathological bacteria
are found singly, as clusters, or as short chains, with
rounded ends, while B. anthracis cells with square
ends are arranged in long chains that gives them a
particular look similar to bamboo canes. Outside the
body and at temperatures between 14°C and 42°C
(optimum 21-37°C) B. anthracis will sporulate. The
spores are oval, and are released after lysis of the
bacterium. Sporulation is completed within
48 hours, but it does not happen in the presence of
high concentrations of carbon dioxide, a condition
that occurs in infected putrefying carcasses
(Fasanella et al. 2010b). The long lasting and highly
resistant spores when exposed to the air can, under
favourable conditions, persist for decades in the
environment before infecting a new host (Parkinson
et al. 2003). B. anthracis grows well in ordinary
medium under aerobic or microaerophilic
conditions, at temperatures between 12°C and 44°C,
but optimal growth occurs around 37°C and at a pH
of 7.0-7.4. On nutrient agar it forms white colonies
3-4 mm in diameter with a rough surface, called
‘glass beads’, and with irregular margins that, if
observed at a small magnification, have the
appearance of a ‘Medusa’s head’ (Fasanella et al.
20105b). Analysis showed that B. anthacis strains in
Italy predominantly belong to a single clonal lineage,
the subgenotype sgt - eB (Fasanella et al. 2010a),
whereas most isolates in Kazakhstan belonged to the
Al.a, the A3.b, and the A4 genetic cluster
(Aikembayev et al. 2010).

Epidemiology
Anthrax is distributed worldwide although the
incidence  varies geographically.  Outbreaks

originating from a soil-borne infection usually occur
following weather changes: anthrax incidents have
been reported after long periods of unusually warm
and dry spring weather followed by heavy rainfall
(Parkinson et al. 2003, Constable et al. 2007,
Fasanella et al. 20100).

Pathophysiology

Infections develop after inhalation of the spores into
the respiratory system or ingestion into the GI tract.
Furthermore, spores can enter the body following
penetration of the skin via biting insects. Following
ingestion, the spores lodge in the mucosa, germinate,
and encapsulate. The vegetative cells start to produce
toxin causing oedema and tissue necrosis. The
production of toxin usually precedes septicaemia by
several hours (Constable et al. 2007, Himsworth &
Argue 2009). B. anthracis survives within alveolar
macrophages, after germination within the
phagolysosome, then enters the external medium
where it proliferates. Oedema toxin and lethal toxin
are the major genetic determinants mediating the
survival of germinated spores within macrophages
(Guidi-Rontani 2002).

Incubation period
Not established in the equine species yet but
probably a few days.

Clinical presentation

Clinical disease is almost invariably fatal in
horses without treatment and most will die within
2-4 days of the clinical onset. Horses either die
suddenly or develop the acute form of anthrax with
clinical signs including fever, cyanosis, tachypnoea,
tachycardia, muscle tremors, severe depression, colic,
dyspnoea, haemorrhagic diarrhoea, and generalized
subcutaneous oedema, with tarry blood oozing from
the orifices of the body (Constable et al. 2007,
Himsworth & Argue 2009, Fasanella ez al. 2010a).
It has been stated that subcutaneous oedema
(particularly in the inguinal, preputial, and ventral
thoracic and abdominal areas) is a predominant
clinical sign of anthrax in live horses (85)
(Himsworth & Argue 2009). Subcutaneous oedema
suggests a cutaneous reaction to bites from
contaminated horseflies. When there is an infection
of the pharynx or intestine from contaminated feed
or forage there is often diffuse haemorrhagic
ulcerative enteritis. The regional lymph nodes are red
and swollen, with yellowish areas of necrosis
(Fasanella et al. 2010a).
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Differential diagnosis
The differential diagnosis includes various causes of

blood-clotting disorders and various causes of
sudden death (86, 87) (see p. 262).

Diagnosis

When taking a sample from an animal suspected of
anthrax, one needs to take precautions to prevent
human infection, bacterial sporulation, and a
resulting environmental contamination. From live

animals, blood can be collected in a vacutainer. From
dead animals, traditionally ears are collected as they
are convenient and far from the intestinal tract, but
a better sample would be nasal turbinates, which are
well vasculated and therefore should have plenty of
spores but with minimal tissue that is only little
affected by putrefaction. The sample should be taken
as soon as possible since decomposition leads to
rapid disintegration of the bacilli (Fasanella et al.
2010b). Diagnosis is usually based either on the

85 Subcutaneous oedema (particularly in the inguinal,
preputial, and ventral thoracic and abdominal areas) is a
predominant clinical sign of anthrax in horses.

P

86, 87 Fresh blood oozing from the anus (86) in a 14-year-old
Warmblood mare due to a grade IV rectal tear (87) following
rectal exploration indicated by the gel around the anus. In
case of anthrax tarry blood usually oozes from multiple orifices
of the body.
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detection of rod-like forms or typical bamboo canes
in a fresh blood smear stained with Gram stain,
which stains the bacilli violet, or preferably Giemsa
stain, which stains the bacilli purple and the capsule
a characteristic red-mauve, or a culture test
(Fasanella et al. 20105b). PCR is the method of choice
as a parallel diagnostic test, whether performed
directly on clinical samples after nonselective
enrichment of mixed cultures or as a confirmation
test for suspect colonies (Constable et al. 2007,
Himsworth & Argue 2009, Fasanella ez al. 20105).
In addition, a sensitive enzymatic assay able to detect
functional oedema factor, a calmodulin-activated
adenylyl cyclase toxin which contributes to
cutaneous and systemic anthrax, has been developed
for use in human and animal plasma. Oedema factor
can be detected at concentrations of 1 pg/ml in
plasma from humans or at 10 pg/ml in the plasma
of various animal species using only a blood volume
of 5 ul (Duriez et al. 2009).

Pathology

The presence of incomplete or absent rigor mortis
with unclotted, tarry blood oozing from the orifices
of the body is indicative of the disease. Pathological
examination reveals systemic haemorrhagic oedema,
subcutaneous swellings containing gelatinous
material, the presence of haemorrhagic fluid in the
body cavities, and enlargement of lymphoid tissue
including splenomegaly (Constable et al. 2007,
Himsworth & Argue 2009). Failure of blood to clot
was the most reliable indicator of anthrax in
carcasses (Himsworth & Argue 2009). Splenic
lesions will be absent if the animal dies as a result of
local reaction (e.g. pharynx or intestines), without
septicaemia (Fasanella et al. 20105).

Management/Treatment

Anthrax is a reportable disease. B. anthracis is very
sensitive to various antibiotics like penicillin
combined with streptomycin. This combination is
curative if administered in an early stage of the
disease and it also prevents spread of the disease to
other animals and man (Constable et al. 2007).
Results from testing some 1,200 isolates showed that
3-6% were resistant to penicillin, depending also on
the region in the world the isolate came from
(Fasanella et al. 2010b). Furthermore, vaccination is
used successfully to control anthrax (Constable et al.
2007, Fasanella et al. 2010b). Horses and other
equids can respond poorly and need two doses 4-8
weeks apart (live attenuated noncapsulated Sterne
vaccine) (Fasanella et al. 20105).

Public health significance

Anthrax has important public health significance.
Man is usually resistant to acquiring infection, but
when infected may show three different clinical
forms: the cutaneous, like eyelid anthrax and
cicatricial ectropion (Devrim et al. 2009), intestinal,
and respiratory forms (including a rare, but
catastrophic cause of meningoencephalitis [Narayan
et al. 2009]) (Fasanella et al. 2010b). The current
human standard for anthrax inhalation post-
exposure therapy is ciprofloxacin twice a day for 60
days (IV treatment initially (400 mg bid) and switch
to oral therapy when clinically appropriate).
(Friedlander et al. 1993, Fasanella et al. 20105).
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Listeria monocytogenes: LISTERIOSIS
Phylum BXIII Firmicutes

Class III Bacilli/Order I Bacillales/Family IV
Listeriaceae/Genus I Listeria: Regular, nonsporing
Gram-positive rods

Definition/Overview

A rare bacterial disease in horses caused by Listeria
monocytogenes is associated with encephalitis,
abortion, eye infections, and diarrhoea.

Aetiology

L. monocytogenes is an ubiquitous Gram-positive,
facultative anaerobic, intracellular, rod-shaped
bacterial pathogen in the environment and in the
digestive tract (Evans et al. 2004) with forms without
cell walls (so called L-forms of a protoplastic type)
(Edman et al. 1968). Disease in horses is
predominantly associated with serovars 1/2a and 4b
(Gudmundsdottir et al. 2004).

Epidemiology
Although silage has been well established as a
common source of systemic listeriosis infection in
farm ruminants, it has also been hypothesized that
Listeria-contaminated silage may be a source of
listerial eye infections. For example, some reports
noted that silage on farms with cases of listerial
ocular infections was fed at or above the height of
the animal’s head (Evans et al. 2004). It has been
stated that ocular listeriosis is not caused by specific
strains with an ocular tissue tropism (Evans et al.
2004). Molecular subtyping allows specific
determination of the sources of listeriosis outbreaks
(Gudmundsdottir et al. 2004). Single-strand
conformation polymorphism PCR (SSCP-PCR) is a
promising method with sensitive detection limits and
moderate sample variances and can be applied to
epidemiological studies using environmental dust
(Korthals et al. 2008). L. monocytogenes, containing
30% spores, showed visible bands at 7 x 10* cfu/g.
Free-living amoebae feed on bacteria, fungi, and
algae. However, some microorganisms have evolved
to become resistant to these protists. These amoeba-
resistant microorganisms include established
pathogens, such as L. monocytogenes. Free-living
amoebae represent an important reservoir of
amoeba-resistant bacteria and may, while encysted,
protect the internalized bacteria from chlorine and
other biocides (Greub & Raoult 2004).

Pathophysiology

This intracellular pathogen has evolved multiple
strategies to face extracellular innate defence
mechanisms of the host and to invade and multiply
intracellularly ~ within =~ macrophages and
nonphagocytic cells (Dussurget 2008).

Incubation period
Not established in the equine species yet.

Clinical presentation

Although regarded as a rare cause of disease in
horses, L. monocytogenes can induce encephalitis,
uterine infections resulting in abortion, eye
infections, diarrhoea, and septicaemia (Evans et al.
2004, Gudmundsdottir et al. 2004).
L. monocytogenes septicaemia has been associated
with diarrhoea or signs of neurological disease in
foals. Initial complaints and clinical signs in these
animals were depression, weakness, fever, diarrhoea,
abdominal pain, and seizures in foals aged 2 days to
3 weeks (Jose-Cunilleras & Hinchcliff 2001). Equine
cerebral listeriosis in a Freiberger gelding showed
sudden onset and the animal collapsed within 24
hours and was humanely killed (Riitten et al. 2006).
Typical signs associated with listerial eye infections
include swollen, hyperaemic conjunctivae, epiphora,
photophobia, corneal clouding, miosis, and scattered
white corneal foci with uptake of fluorescein dye
(Sanchez et al. 2001, Evans et al. 2004).

Diagnosis

Isolation of the organism is possible on blood culture
(Jose-Cunilleras & Hinchcliff 2001), preferably
preceded by cold-enrichment. L. monocytogenes can
be cultured from a conjunctival swab or corneal
scraping obtained from an animal with an eye
infection (Evans et al. 2004). The detection of L.
monocytogenes in the faeces of a horse does not
necessarily indicate listeriosis. Faeces from horses
with no other clinical signs than a slightly increased
temperature contained 1-10° cfu/g. On the other
hand, large numbers of L. monocytogenes (>10°
cfu/g) were often found in the faeces of horses with
severe signs of listeriosis (Gudmundsdottir et al.
2004). However, L. monocytogenes was not isolated
from the faeces of foals affected with diarrhoea. In
addition, CSF culture in a case also failed to yield
any growth (Jose-Cunilleras & Hinchcliff 2001),
demonstrating the difficulties in diagnosing the
disease.

Differential diagnosis
The differential diagnosis predominantly includes

various causes of acute neurological disease (see p.
262).
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Pathology

Three archetypal separate disease forms are
acknowledged in listeriosis: infection of the gravid
uterus and abortion, septicaemia with generalized
microabscess formation in foals, and encephalitis in
adults. Histologically encephalitis is characterized by
multifocal small aggregates of neutrophils and/or
microglial nodules, white matter oedema, and
lymphohistiocytic perivascular cuffing (Jubb et al.
2007). Necropsy in a Freiberger gelding with
cerebral listeriosis revealed multiple small brown to
reddish foci within the brain stem and pons.
Histopathology demonstrated multifocal sup-
purative meningoencephalitis with microabscesses
(Rutten et al. 2006).

Management/Treatment

Most of the antibiotics used routinely in horses, with
the exception of ceftiofur, should be effective against
L. monocytogenes. In foals there was a favourable
clinical response to potassium penicillin G and

amikacin sulphate administered IV for 7-11 days
(Jose-Cunilleras & Hinchcliff 2001). Treatment with
ciprofloxacin ophthalmic preparation and topical
ticarcillin/clavulanic acid resulted in resolution of
ocular listeriosis (Evans et al. 2004). Treatment
options of ocular listeriosis also include ofloxacin (2
drops 5 times daily), phenylbutazone (1 g orally bid
for 3 days, then decreasing to 500 mg orally every
12 h), topical itraconazole/DMSO 2% ointment
every 4-6 h as prophylactic antifungal treatment,
and 1% atropine ointment topically every 12 h for
mydriasis and cycloplegia (Sanchez et al. 2001).

Public health significance

L. monocytogenes is the causative agent of human
listeriosis, a potentially fatal foodborne infection.
Clinical manifestations range from febrile
gastroenteritis to more severe invasive forms
including meningitis, encephalitis, abortions, and
perinatal infections (Dussurget 2008). As a
consequence, its zoonotic risk should be minimized.
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Methicillin-resistant Staphylococcus aureus
Phylum BXIII Firmicutes

Class III Bacilli/Order I Bacillales/Family VIII
Staphylococcaceae/Genus I Staphylococcus: Gram-
positive cocci

Definition/Overview

Staphylococcus aureus colonizes the skin and is
present in the anterior nares in about 25-30% of
healthy people (Casewell & Hill 1986). Methicillin-
resistant S. awureus (MRSA) appears to be an
emerging pathogen in horses (Baptiste et al. 2005,
Weese & Lefebvre 2007, Duijkeren van et al. 2010).

Aetiology

S. aureus is a coagulase-positive and Gram-positive
bacterium. Of all the resistant traits S. aureus has
acquired since the introduction of antimicrobial
chemotherapy in the 1930s, methicillin resistance is
clinically the most important, since a single genetic
element confers resistance to the most commonly
prescribed class of antimicrobials, namely the f3-
lactam antibiotics, which include penicillins,
cephalosporins, and carbapenems. It should be
realized that methicillin resistance is also possible in
coagulase-negative species (Grundmann et al. 2006).
Genotypic analysis includes PCR, pulsed-field gel
electrophoresis (PFGE), the staphylococcal cassette
chromosome element carrying the mecA gene
(SCCmec), the encoding gene of protein A (spa), and
multilocus sequence typing (MLST) (Eede Van den
et al. 2009). Virulence genes were detected in 92% of
the equine strains, with a majority of sebh or sei
enterotoxin genes (Haenni ef al. 2010). Whereas
strains of community-associated (CA)-MRSA, the
majority of which carry genes encoding Panton-
Valentine leukocidin, are spreading rapidly in human
populations, only sporadic cases have been reported
in animals to date (Morgan 2008) including horses
(Weese & Lefebvre 2007). However, whereas the
clonal relationship between MRSA strains of CC398
is straightforward in livestock this is less obvious in
horses (Catry et al. 2010).

Epidemiology

Previous colonization of the horse, previous
identification of colonized horses on the farm,
antimicrobial (predominantly penicillin  and
trimethoprim-potentiated sulphonamide [TMP/S])
administration within 30 days, admission to the
neonatal intensive care unit, and admission to a
service other than the surgical service were risk
factors for CA colonization (Weese & Lefebvre
2007). In contrast, none of 13 putative risk factors
(other than that animals presenting for veterinary
treatment more frequently carried MRSA than

healthy animals) were found to be significant in
selected companion animal populations (including
horses). It has been suggested that the absence of
these typical risk factors indicates that companion
animals act as contaminated vectors rather than as
true reservoirs (Loeffler et al. 2010).

Nosocomial transmission has been suggested in
equine clinics (Duijkeren van et al. 2010). CA-
MRSA colonization was identified in 2.0% of
horses in Canada from which a nasal swab was
collected at admission (Weese & Lefebvre 2007,
Tokateloff et al. 2009) similar to that found in the
Greater London area (Loeffler et al. 2011) and
Ireland (Abbott et al. 2010). Colonization tended to
be transient and seemed unrelated to stress or
administration of antimicrobials (Tokateloff et al.
2009). One study of horses on farms in Ontario and
in New York State, USA, reported a prevalence of
colonization of 4.7% (Weese et al. 2005b), and
colonization of horses at the time of admission to
veterinary hospitals ranged from 2.7 to 10.9%
(Weese et al. 2006b, Duijkeren van et al. 2010, Eede
Van den et al. 2009). In the Netherlands, the
percentage of MRSA isolates found in equine
clinical samples increased from 0% in 2002 to 37%
in 2008 (Busscher et al. 2005, Duijkeren van et al.
2010). In comparison, colonization by methicillin-
resistant  (predominantly  coagulase-negative)
staphylococci was identified in 36% of healthy
horses in Italy, and 4% of the humans in close
contact with these horses were found to be carriers
of methicillin-resistant staphylococci (De Martino
et al. 2010). In Ireland, the isolation rate of MRSA
was 5.2% for horses based on clinical samples and
the isolation rate for healthy horses was 1.7%
(Abbott et al. 2010).

Pathophysiology

The bacterium readily acquires resistance against all
classes of antibiotics by one of two distinct
mechanisms: mutation of an existing bacterial gene
or horizontal transfer of a resistance gene from
another bacterium (Grundmann et al. 2006).
Adaptation of certain MRSA genotypes to more than
one mammalian species has been shown, reflecting
their extended host spectra (Walther ez al. 2009).

Incubation period
Not established in the equine species yet.

5
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Clinical presentation

Clinical signs involve opportunistic infections of various
wounds (88, 89) or puncture sites (like
thrombophlebitis [90] and arthritis), with sepsis seen as
a sequela. Colonization of up to 5 months duration has
been reported (Weese & Rousseau 2005). Previous
hospitalization and treatment with gentamicin were
associated significantly with CA-MRSA, whereas
infected incision sites were associated significantly with
hospital-associated (HA)-MRSA. Factors significantly
associated with nonsurvival included IV catheterization,
CA-MRSA infection, and dissemination of infection to
other body sites, although the overall prognosis for
survival to discharge (84%) is good (Anderson et al.
2009).

Morbidity associated with coagulase-positive
staphylococci was 1.7% in horses, with isolates
identified almost exclusively as S. aureus and rarely
as S. pseudintermedius (1.7%). Coagulase-positive
staphylococci (alone or in association with another
bacterial species) were associated with the death or
euthanasia of 90% of the cases. Proportions of
antibiotic resistance to penicillin G and tetracycline
reached 63% and 24%, respectively (Haenni et al.
2010).

Differential diagnosis

The differential diagnosis predominantly includes
other opportunistic infections of various wounds or
puncture sites.

Diagnosis

Diagnosis is usually established by culturing the
bacterium from exudate followed by assessment of
methicillin resistance. Compared with culture
screening, the use of rapid screening tests was not
associated with a significant decrease in MRSA
acquisition rate (risk ratio 0.87, 95% CI 0.61-1.24)
(Tacconelli et al. 2009). However, it should be
realized that S. aureus infection usually does not
result in the development of clinical signs. Nasal
swabs are helpful in the identification of carriers.
Bilateral collection of nasal swabs revealed the
presence of different or identical methicillin-resistant
staphylococci strains in both nostrils in 8% of cases,
and 27% of the cohort were colonized by
methicillin-resistant staphylococci strains in one
nostril only (De Martino et al. 2010).

Pathology
Aspecific inflammatory lesions may be present such
as thrombophlebitis, arthritis, dermatitis, and sepsis.

Management/Treatment

Horses with a tentative diagnosis of MRSA infection
should be isolated to prevent possible human
exposure, regarding it as a zoonosis or humanosis
(Morgan 2008). Treatment should be based on in
vitro antimicrobial susceptibility testing.

Public health significance

Colonized horses may transmit MRSA to other
horses and humans, and zoonotic MRSA infections
from horses have occurred (Weese et al. 20054,
Weese et al. 2006a, De Martino et al. 2010).

Colonization with MRSA was found in 10% of
participants (being predominantly primary care
veterinary personnel) at the 2006 convention of the
American Association of Equine Practitioners.
However, a significant association between practice
type and MRSA colonization was not found. An
increased risk of MRSA colonization was associated
with having been diagnosed with, or having treated
a patient diagnosed with, MRSA colonization or
infection in the previous year, whereas hand
washing between infectious cases and hand washing
between farms were protective. Equine veterinary
personnel need to be aware of the potential risk of
MRSA colonization, and practise appropriate hand
hygiene to help limit transmission (Anderson et al.
2008).

The vast majority of MRSA isolates from horses
identified in North America have been classified by
PFGE as subtypes of Canadian MRSA-5. This clone
is relatively uncommon in humans (Christianson et
al. 2007) but is the predominant clone found in
equine personnel and veterinarians, suggesting that
it may be somewhat adapted to survival in horses
(Weese et al. 2005a, Weese et al. 2005b).
Surveillance is warranted because of the potential
for MRSA to cause disease in horses and humans

(Tokateloff et al. 2009).
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90 Clinical signs associated with methicillin-resistant
Staphylococcus aureus infection involve thrombophlebitis
(left jugular vein shown) following IV catheterization, with
sepsis seen as a sequela.
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Streptococcus equi subsp. equi:
‘STRANGLES’

Phylum BXIII Firmicutes

Class III Bacilli/Order II Lactobacillales/Family VI
Streptococcaceae/Genus 1 Streptococcus: Gram-
positive cocci

Definition/Overview

Acute onset of fever is caused by Streptococcus equi
subsp. equi infection, commonly referred to as
‘strangles’ (Sweeney et al. 2005). Strangles is
characterized by abrupt onset of fever followed by
upper respiratory tract catarrh, as evidenced by
mucopurulent nasal discharge and acute swelling
with subsequent abscess formation in submandibular
and retropharyngeal lymph nodes. The name
strangles was coined because affected horses were
sometimes suffocated by enlarged lymph nodes that
obstructed the airway (Sweeney et al. 2005). The
guttural pouch is regarded as the predominant site
in healthy carriers of S. equi subsp. equi and this is
usually associated with varying degrees of pathology
commonly evident endoscopically as visible
empyema or chondroids (Newton et al. 1997).
Chondroids formed after strangles can harbour S.
equi subsp. equi (91) (Sweeney et al. 2005).

Aetiology

S. equi subsp. equi is a beta-haemolytic, Gram-
positive, facultative anaerobic, coccoid bacterium
belonging to Lancefield group C (Facklam 2002,
Timoney 2004). There is compelling evidence that it
is derived from an ancestral S. equi subsp.
zooepidemicus as a genovar or biovar of the latter
(Sweeney et al. 2005), with which it shares greater
than 98% DNA homology and therefore expresses
many of the same proteins and virulence factors
(Timoney 2004). An important virulence factor and
vaccine component, the antiphagocytic fibrinogen
binding SeM of S. equi subsp. equi, is a surface
anchored fibrillar protein, and N-terminal variation
of SeM alters a conformational epitope of
significance in mucosal IgA and systemic T cell
responses, but does not affect antibody-mediated
phagocytosis and killing (Timoney et al. 2010).

Epidemiology

Transmission of infection occurs when there is either
direct or indirect transfer of S. equi subsp. equi
within purulent discharge (Sweeney et al. 2005).
Nasal shedding of S. equi subsp. equi usually begins
2-3 days after onset of the fever. Some animals never
shed. In others, persistent guttural pouch infection
may result in intermittent shedding for years
(Newton et al. 1997, Chanter et al. 1998, Sweeney et
al. 2005). Of infected horses, 9-44% were identified

as carrying S. equi subsp. equi after clinical signs had
disappeared and the predominant site of carriage
was the guttural pouch. Prolonged carriage of S. equi
subsp. equi, which lasted up to 8 months, did not
cease spontaneously before treatment was initiated
to eliminate the infection (Newton et al. 2000,
Sweeney et al. 2005).

When PCR and culture methods were compared,
many more nasopharyngeal swabs were found to be
positive using PCR (56% vs. 30%) from established
guttural pouch carriers of S. equi subsp. equi.
Similar results were obtained for guttural pouch
samples from these established carriers (76% ws.
59%). However, it should be realized that PCR also
detects dead organisms and is, therefore, liable to
yield false-positive results (Newton et al. 2000).

S. equi subsp. equi may be cultured from lavages
collected by direct percutaneous sampling of the
pouch, although this is not recommended because
of the high risk of injury to important anatomical
structures in the region (Sweeney et al. 2005).

A multiphasic approach can be used to answer
specific diagnostic questions pertaining to the
source of infection and/or outbreak, or to address
quarantine concerns (Ivens et al. 2009, Lanka et al.
2010), eventually expanded to serology (Knowles et
al. 2010).

Pathophysiology

S. equi subsp. equi enters via the mouth or nose and
spread may be haematogenous or via lymphatic
channels, which results in abscesses in lymph nodes
and other organs. This form of the disease has been
known as ‘bastard strangles’ (Sweeney ef al. 2005).
Hyaluronate lyases, which degrade connective tissue
hyaluronan and chondroitins, are thought to
facilitate streptococcal invasion of the host.
Prophage-encoded hyaluronan-specific hyaluronate
lyases play a direct role in S. equi subsp. equi disease
pathogenesis (Lindsay et al. 2009).

Incubation period

In a recent study, although very small numbers of S.
equi subsp. equi entered the lingual and
nasopharyngeal tonsils, carriage to regional lymph
nodes occurred within hours of inoculation
(Timoney & Kumar 2008). Bacteraemia occurs on
days 6-12 in horses inoculated intranasally with
virulent S. equi subsp. equi (Evers 1968), whereas
fever as the first clinical sign of infection occurs
between 3 and 14 days after exposure (Sweeney et al.
2005). The submandibular and retropharyngeal
lymph nodes are about equally involved in S. equi
subsp. equi infections and become swollen and
painful about 1 week after infection (Sweeney et al.
2005).
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Clinical presentation younger horses are more likely to develop severe
Lymphadenopathy is a major clinical sign (92, 93). lymph node abscessation that subsequently opens
Older horses often exhibit a mild form of the disease and drains. Pharyngitis, laryngitis, and rhinitis may
characterized by nasal discharge (94), small occur and contribute to bilateral nasal discharge.

abscesses, and rapid resolution of disease, whereas

P .

91 Strangles. Guttural pouch pyoliths. Pyoliths (i.e. pus stones) 92 Enlarged lymph nodes in a 2-month-old Warmblood colt
or chondroids can develop from chronic guttural pouch suffering from strangles.
empyema during constant inspissation. Streptococcus equi

subsp. equi.

s 12 ¥, f ¥
93 Ruptured site of facial abscess 94 Purulent nasal discharge associated
associated with strangles. with strangles in a 7-year-old Draft horse

gelding.
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Retropharyngeal lymph nodes may drain into
and cause empyema of the guttural pouch (95, 96)
(Sweeney et al. 2005).

Sequelae include compression of the pharynx,
larynx, or trachea due to enlarged lymph nodes,
necessitating a tracheostomy in severe cases (97)
(Sweeney et al. 2005). Other complications of S.
equi subsp. equi infection include dysphagia
resulting from lymph node enlargement, neuritis of
adjacent nerves leading to laryngeal hemiplegia,

- ﬂ:'_
95, 96 Specific treatment options of guttural pouch empyema
(95) due to S. equi subsp. equi include topical installation of
20% (w/v) acetylcysteine solution via a specially designed
catheter (96).

retroversion of the epiglottis, pharyngeal collapse or
DDSP, guttural pouch empyema, purpura
haemorrhagica (98-100), myositis/rhabdomyolysis,
agalactia, periorbital abscessation, panophthal-
mitis, arthritis, necrotic bronchopneumonia, endo-
carditis, myocarditis, vaginitis (101), and metastatic
abscesses in the mesentery and various organs such
as liver, spleen, kidneys, and brain (Sweeney et al.
1987a, Sweeney 1996, Chiesa et al. 2000,
Spoormakers et al. 2003, Sweeney et al. 2005).

97 Compression of the pharynx, larynx, or trachea due to
enlarged lymph nodes necessitating a tracheostomy in severe
cases as in this 2-month-old Warmblood colt.
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The overall complication rate associated with S.
equi subsp. equi infection is approximately 20%
(Ford & Lokai 1980 1987b), Sweeney et al.,
including metastatic abscessation to various organs.
A recovered horse may be a potential source of
infection for at least 6 weeks after its clinical signs
of strangles have resolved (Sweeney et al. 2005).
Approximately 75% of horses develop a solid,
enduring immunity to strangles which persists for 5
years or longer after recovery from the disease

(Todd 1910, Hamlen et al. 1994). Older horses with
residual immunity have limited susceptibility and
develop a mild form of strangles, often termed
‘catarrhal strangles’. These animals shed virulent S.
equi subsp. equi that will produce severe disease in
more susceptible, often younger horses (Sweeney et
al. 2005). Foals that suckle immune mares are
usually resistant to S. equi subsp. equi infection
until weaning owing to the presence of protective
antibodies in milk (Sweeney et al. 20035).

98, 99 Purpura haemorrhagica (morbus
maculosis, immune complex deposition-
mediated leucocytoclastic vasculitis) may
develop as a sequela in a few cases of
strangles, and results in generalized
petechiae and oedema of the head.

100 Purpura haemorrhagica (morbus
maculosis, immune complex deposition-
mediated leucocytoclastic vasculitis) may
develop as a sequela in a few cases of
strangles, and results in oedema of the
limbs.

101 Purulent discharge from the vagina
due to S. equi subsp. equi.
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Differential diagnosis

This includes various causes of unilateral (rhinitis,
sinusitis, and other causes of guttural pouch
empyema) or bilateral nasal discharge (chronic
bronchitis [102]). Mandibular lymphadenopathy
caused by Actinomyces denticolens might
mimick strangles (Albini et al. 2008). The differential
diagnosis with reference to various causes of internal
abscessation includes S. equi subsp. zooepidemicus,
Corynebacterium pseudotuberculosis, Burkholderia
pseudomallei, and Rhodococcus equi (see p. 262).

Diagnosis

Culture of nasal swabs, nasal washes, or pus
aspirated from abscesses remains the gold standard
for the detection of S. equi subsp. equi. A PCR based
on SeM, the gene for the antiphagocytic M protein of
S. equi subsp. equi, offers an adjunct to culture for
detection of S. equi subsp. equi. PCR is
approximately three times more sensitive than
culture. However, PCR does not distinguish between
dead and live organisms and so a positive test result
must be confirmed by culture (Timoney & Eggers
1985, Timoney et al. 1997, Newton et al. 2000,
Sweeney et al. 2005). The presence of other beta-
haemolytic streptococci, especially S. equi subsp.
zooepidemicus, may complicate interpretation of
cultures (Sweeney et al. 2005). In addition,
radiography and/or ultrasonography revealing
abscesses support(s) the tentative diagnosis of
strangles as well as increased total protein and
gamma-globulin content of blood.

D D i 5
103 Strangles. Guttural pouch empyema. The guttural pouch
contains creamy liquefied pus. Streptococcus equi subsp. equi.

Pathology

The affected lymph nodes (submandibular and
retropharyngeal) and guttural pouches are swollen,
firm to fluctuant and contain copious amounts of
pus (103). Infection may spread and induce
abscessation of mediastinal and mesenteric lymph
nodes and other organs such as lungs, spleen, and
liver (104-109). Purpura haemorrhagica (morbus
maculosis, immune complex deposition-mediated
leucocytoclastic vasculitis) may develop in a few
cases and results in generalized petechiae and
oedema of head and limbs (Jubb er al. 2007).

102 For
comparison,
bilateral nasal
discharge (saliva)
associated with
oesophageal
obstruction.

104 Strangles. Unilateral guttural pouch empyema. In
posterior view exposed is the left guttural pouch gravely
distended with inspissated pus. Streptococcus equi subsp. equi.
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105 Bastard strangles. Abscessation of mesenteric lymph 106 Metastatic abscesses in the spleen known as bastard
nodes. A large confluent intra-abdominal swelling reveals strangles. (Courtesy of Dr E. Gruys.)

copious amounts of pus when incised. Streptococcus equi

subsp. equi.

107 Bastard strangles. Extensive multifocal pulmonary
abscessation. The lung abscesses contain copious amounts of
thick liquid pus. Streptococcus equi subsp. equi.

108 Bastard strangles. Multifocal hepatic abscessation. The
liver abscesses contain copious amounts of creamy pus.
Streptococcus equi subsp. equi.

109 Strangles. Micrograph at high magnification of an abscess
harbouring a bacterial colony of numerous streptococci
bordered by degenerated neutrophils. Streptococcus equi
subsp. equi. (H&E stain. Bar 20 um.)




84

Bacterial diseases

Management/Treatment

Veterinary opinion as to whether or not to use
antibiotic treatment remains markedly divided.
However, the majority of strangles cases require no
treatment other than proper rest and adequate
feeding (Sweeney et al. 2005). Immediate treatment
of horses that show the earliest clinical sign of fever
could be an effective way of controlling strangles
outbreaks. Once an external lymphadenopathy is
detected in an otherwise alert and healthy horse,
antibiotic therapy is probably contraindicated
(Sweeney et al. 2005). Therapy should be directed
toward enhancing maturation and drainage of the
abscesses. Daily flushing of the open abscess with a
3-5% povidone iodine solution should be continued
until the discharge ceases (Sweeney e al. 2005).
Penicillin is considered the antibiotic of choice for S.
equi subsp. equi (Sweeney et al. 2005). A
percutaneous ultrasound-guided technique for
draining abscesses of the retropharyngeal lymph
nodes has been described in horses suffering from a
deep lymph node infection that has persisted
following antibiotic treatment (De Clercq et al.
2003). Once again, high risk of injury to important
anatomical structures in the region should be a
consideration.

Carriers can be successfully treated by
endoscopic removal of inflammatory material via
flushing of the guttural pouches with large volumes
(up to 3 1) of saline (110) and antibiotic treatment
without surgical intervention. Furthermore, solid
chondroids can either be macerated and
subsequently removed using saline irrigation and
aspiration, or (preferably) be removed entire with
endoscopically guided grabbing forceps, a basket
snare, or a memory-helical polyp retrieval basket.
Topical as well as systemic antimicrobial therapy
consists primarily of TMP/S. Systemic therapy
consists initially of one or two 21-day courses of
oral TMP/S at 30 mg/kg BW. Thirty percent of
carriers originally given potentiated sulphonamide
required further therapy with procaine penicillin IM
at 10 mg/kg BW or ceftiofur at 2 mgkg BW
administered for 7-10 days both systemically and
topically, before S. equi subsp. equi infection and
associated inflammation of the guttural pouches
were eliminated (Verheyen et al. 2000). It has been
shown that a gelatin—penicillin mix (containing
10,000,000 TU sodium benzylpenicillin G) is more
effective at remaining in the pouches than a straight
aqueous solution (Verheyen et al. 2000). In
addition, topical installation of 20% (w/v)
acetylcysteine solution has also been used to aid the
treatment of guttural pouch empyema (Sweeney et
al. 2005). Treatment was generally regarded as
successful when the guttural pouches appeared

normal and S. equi subsp. equi was not detected in
nasopharyngeal swabs and pouch lavages on three
consecutive occasions (Verheyen et al. 2000).

Horses with strangles and their contacts should
be maintained in well-demarcated quarantine areas
and S. equi subsp. equi should be eliminated from
guttoral pouches (Sweeney et al. 2005). In addition,
pastures used to hold infectious animals should be
rested for 4 weeks, as it has been suggested that S.
equi subsp. equi does not readily survive in the
presence of other soil-borne flora (Sweeney et al.
2005).

An effective recombinant multicomponent
subunit vaccine (comprising five surface localized
proteins and two IgG endopeptidases) has been
developed (Guss et al. 2009).

Public health significance

S. equi subsp. equi infection is possible in humans
and may cause meningitis (Elsayed et al. 2003,
Popescu et al. 2006) or cellulitis (Breiman &
Silverblatt 1986).

110 Bilateral
guttural pouch
catheters (arrows)
in a pony.
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Streptococcus equi subsp. zooepidemicus
Phylum BXIII Firmicutes

Class I Bacilli/Order II Lactobacillales/Family VI
Streptococcaceae/Genus I Streptococcus: Gram-
positive cocci

Definition/Overview

Streptococci  pathogenic for the horse include
Streptococcus equi subsp. equi, S. equi subsp.
zooepidemicus  (formerly S.  zooepidemicus),
S. dysgalactiae subsp. equisimilis, and S. pneumoniae
capsule type III. S. equi subsp. zooepidemicus is the
most frequently isolated opportunist pyogen of the
horse (Timoney 2004). This zoonotic pathogen is
commonly found harmlessly colonizing the equine
nasopharynx. Occasionally, strains can invade host
tissues or cross species barriers, and S. equi subsp.
zooepidemicus is associated with numerous different
diseases in a variety of hosts, including inflammatory
airway disease and abortion in horses, pneumonia in
dogs, and meningitis in humans (Webb et al. 2008).
S. dysgalactiae subsp. equisimilis is predominantly
seen in uterine pathology.

Aetiology

The determination of haemolysis is one of the most
useful characteristics for the identification
of streptococci. Nonhaemolytic variants of

S. pyogenes, S. agalactiae, and members of the
S. anginosus group are well documented. S. equi
subsp. zooepidemicus is identified by beta-
haemolysis and Lancefield’s group C antigen
presence (Facklam 2002). The Gram-positive
bacterium S. equi subsp. zooepidemicus is a
commensal of horses, an opportunistic pathogen in
many animals and humans, and a well-known cause
of pyogenic disease. S. equi subsp. equi is widely
believed to be a clonal descendant or biovar of an
ancestral S. equi subsp. zooepidemicus strain with
which it shares greater than 98% DNA homology
and therefore expresses many of the same proteins
and virulence factors (Timoney 2004, Webb et al.
2008, Tiwari & Timoney 2009). A striking
difference is the fact that S. equi subsp. equi
bacteriophage SeP9 binds to group C carbohydrate
but is not infective for S. equi subsp. zooepidemicus
in contrast to S. equi subsp. equi (Tiwari & Timoney
2009). In equids, the bacterium 1is not a
homogeneous, clonal population but instead
represents a wide diversity of strain types. S. equi
subsp. zooepidemicus isolated from 23% of study
samples comprised 24 different types of varying
prevalence. The four most common types, ATHV4,
A1HV2, C1HVu, and D1HV1, accounted for 45%
of all the typed isolates (Barquero et al. 2009). In
comparison, using multilocus sequence typing

(MLST) for S. equi subsp. zooepidemicus a total of
130 unique sequence types were identified from
isolates of diverse geographical and temporal origin
(Webb et al. 2008). Variation in the protectively
immunogenic surface-exposed proteins (SzP) has
been well characterized (Timoney 2004). About
50% of S. equi subsp. zooepidemicus strains
contained the superantigen-encoding genes szeN,
szeF, or szeP and horizontal transfer of these novel
superantigens from and within the diverse S. equi
subsp. zooepidemicus population is likely to have
implications for veterinary and human disease
(Paillot et al. 2010).

Epidemiology

S. equi subsp. zooepidemicus was isolated from 9%
of horses suffering from infectious upper respiratory
disease at the Seoul race park in the spring, 22% in
the summer, and 17% in winter. The bacterium was
also identified in 5% of isolates from clinically
normal horses (Ryu et al. 2009). S. equi subsp.
zooepidemicus infection was highly prevalent based
on isolates collected sequentially from recently
weaned, pasture maintained Welsh mountain ponies,
with bacteria causing naturally occurring respiratory
disease being isolated from 94% of tracheal washes
and 88% of nasopharyngeal swabs. Among different
S. equi subsp. zooepidemicus types isolated, more
were isolated from the trachea than the nasopharynx
(Newton et al. 2008). It should also be realized that
the stallion and use of semen for artificial
insemination represent major risk factors for the
transmission of bacterial contaminants of the penis,
including S. equi subsp. zooepidemicus,
Pseudomonas aeruginosa, and Klebsiella pneu-
moniae, known to cause endometritis and infertility
in the mare (Samper & Tibary 2006).

Pathophysiology

Little is known about the virulence factors or
protective antigens of S. equi subsp. zooepidemicus
(Hong 2006), although it has been shown that
immune responses to the bacterium during uterine
infection is partly strain-specific (Causey et al. 2006).
Streptokinases secreted by nonhuman isolates of
group C streptococci (S. equi subsp. equi, S.
dysgalactiae subsp. equisimilis, and S. equi subsp.
zooepidemicus) have been shown to bind to different
mammalian plasminogens but exhibit preferential
plasminogen activity (Caballero et al. 1999).

Incubation period

In one study, at 17-20 hours following
endobronchial inoculation, transient increases in
rectal temperature to between 38.6°C and 39.2°C,
inappetence, and lethargy were observed. Clinical
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111 Abscessation due to Streptococcus equi subsp.
zooepidemicus.

112 Fibrinous arthritis of a thoracic intervertebral joint. Note
the fibrinopurulent flecks on the articular surface (arrow).
Streptococcus equi subsp. zooepidemicus.

signs of respiratory disease developed within
48 hours after inoculation and continued until
12 days later just before euthanasia (Yoshikawa et
al. 2003).

Clinical presentation

Infection is best characterized as opportunistic
pyogenic disease involving various organ systems
(111-113) with S. equi subsp. zooepidemicus also
associated with strangles-like disease, pharyngeal
lymphoid hyperplasia, and abnormal endoscopic
appearance of guttural pouches (Laus et al. 2007).
Tracheal infection (114) with S. equi subsp.
zooepidemicus was associated with both clinical
respiratory disease and subclinical inflammatory
airway disease (IAD) when compared with controls
with no evidence of IAD (Newton et al. 2003). On
the other hand, S. equi subsp. zooepidemicus and S.
pneumoniae play an important aetiological role in
the pathogenesis of TAD in young horses. S. equi
subsp. zooepidemicus and S. pneumoniae decreased
in parallel with age, consistent with increased disease
resistance, perhaps by the acquisition of immunity
(Wood et al. 2005). In addition, S. equi subsp.
zooepidemicus was the most frequently isolated
(33%) bacterial organism in equine ulcerative
keratitis (Keller & Hendrix 2005). Co-infection by S.
equi subsp. zooepidemicus with Chlamydophila
caviae has been reported in horses with rhinitis and
conjunctivitis, implying that primary lesions were set
by C. caviae and subsequently aggravated by S. equi
subsp. zooepidemicus (Gaede et al. 2010).
Furthermore, S. equi subsp. zooepidemicus was
associated with more positive endometrial cytology
results than coliforms (115) (Riddle et al. 2007).

Differential diagnosis

The differential diagnosis includes various causes of
internal abscessation (see p. 262). Of importance, the
absence of S. equi subsp. equi and the frequent
detection of S. dysgalactiae subsp. equisimilis (116,
117) and S. equi subsp. zooepidemicus suggest that
beta-haemolytic streptococci other than S. equi
subsp. equi could be the causative agent of strangles-
like disease (Laus et al. 2007).

113 Necrotizing colitis in a donkey. The mucosa is eroded with
necrosis and loss of superficial epithelial cells. Note the scant
amounts of inflammatory cells within crypt lumina, i.e. crypt
abscesses (arrows). Streptococcus equi subsp. zooepidemicus.
(H&E stain. Bar 200 um.)
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114 Haemopurulent
transtracheal aspirate
recovered from a
necrohaemorrhagic and
suppurative
bronchopneumonia.

115 Necrotizing placentitis, characterized by the pale
eosinophilic necrotic maternal endometrial villi. Streptococcus
equi subsp. zooepidemicus. (H&E stain. Bar 200 um.)

116 Necrohaemorrhagic and suppurative bronchopneumonia.
Widespread pulmonary alveolar haemorrhage and extensive
neutrophilic infiltrates. Note the broadened interlobular septa
due to interstitial oedema (arrow). Streptococcus dysgalactiae
subsp. equisimilis. (H&E stain. Bar 500 um.)

117 Necrohaemorrhagic and suppurative bronchopneumonia.
Close-up micrograph displaying numerous intra-alveolar
bluish cocci, degenerated neutrophils, erythrocytes, and
protein-rich oedema. Streptococcus dysgalactiae subsp.
equisimilis. (H&E stain. Bar 20 um.)
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(118) and right cardiac atrioventricular valve (119). Streptococcus equi subsp. zooepidemicus.

Diagnosis

Ultrasonographic examination can be helpful for
detecting internal abscesses. Clinical signs combined
with culture of transtracheal or uterine aspirates, or
pus aspirated from abscesses, remain the gold
standard for the detection of S. equi subsp.
zooepidemicus. However, a developed real-time
PCR, based on the sodA and seel genes was found to
be more sensitive than conventional cultivation,
although some strains biochemically identified as S.
equi subsp. zooepidemicus were found by sequencing
of the 16S rRNA gene to have a sequence
homologous with S. equi subsp. ruminatorum
(Baverud et al. 2007). The latter is seen in spotted
hyenas (Crocuta crocuta) and plains zebras (Equus
quagga, formerly Equus burchelli) (Speck et al.
2008,).

Pathology

S. equi subsp. zooepidemicus is commonly involved
in cases of equine endocarditis (118-122) and it can
be a complication of septic jugular thrombophlebitis
(123) (Jubb ez al. 2007). Opportunistic (respiratory
tract) infections with pyogenic S. equi subsp.
zooepidemicus or S. dysgalactiae subsp. equisimilis
typically induce exudation of plasma proteins, fibrin,
infiltrating neutrophils and macrophages. In later
stages organization of necrotic debris with fibrosis
may be more evident.

Management/Treatment

Treatment should be based on in vitro antimicrobial
susceptibility testing. It should be realized that
prophylactic administration of SC trimethoprim/
sulphadiazine (TMP/SDZ) was unable to eliminate
S. equi subsp. zooepidemicus from tissue chambers
(Ensink et al. 2005). In addition, resistance of S. equi
subsp. zooepidemicus to trimethoprim-sulfa-
methoxazole differed between Kirby—Bauer agar disc
diffusion and quantitative microbroth dilution
methods (Feary et al. 2005).

Public health significance

Zoonotic transmission cannot be excluded although
Streptococcus equi subsp. zooepidemicus infections
are infrequent in humans; they have been associated
with meningitis (Downar et al. 2001, Ural ez al.
2003, Lee & Dyer 2004, Bordes-Benitez et al. 2006,
Jovanovic et al. 2008, Eyre et al. 2010), septicaemia,
arthritis (Kuusi et al. 2006, Friederichs et al. 2010),
and glomerulonephritis (Thorley et al. 2007).
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120, 121 Vegetative endocarditis. 120: Extensive verrucous fibrinonecrotizing and fibrous proliferations on the right cardiac
atrioventricular valve; 121: cut surface of kidney showing renal infarction; well-delineated, wedge-shaped, pale necrotic cortical
areas (arrow) resulting from dislodged thromboemboli in endocarditis. Streptococcus equi subsp. zooepidemicus.

122 Pulmonic valvular necrosuppurative endocarditis with
fibrosis and extensive basophilic dystrophic mineralizations
(arrow). Streptococcus equi subsp. zooepidemicus. (H&E stain.
Bar 500 um.)

123 Septic thrombophlebitis of the jugular vein. The incised
jugular vein reveals a hyperaemic thrombotic plaque that may
spread and incite endocarditis.




90

Bacterial diseases

Actinomyces spp.

Phylum BXIV Actinobacteria

Class I Actinobacteria/Subclass V
Actinobacteridae/Order I Actinomycetales/
Suborder VIII Actinomycinae/Family I
Actinomycetaceae/Genus I Actinomyces: Irregular,
nonsporing Gram-positive rods

Definition/Overview

Actinomyces infections are reported in humans and
ruminants and only a few sporadic cases have been
reported in horses. In the equine species,
osteomyelitis, abscesses, skin nodules and pustules,
and septicaemia in colostrum-deprived foals were
associated with Actinomyces infections. Once
recognized, treatment of these infections requires
long courses of parenteral and oral therapy (Sullivan
& Chapman 2010) besides surgical debridement.

Aetiology

The order Actinomycetales includes phylogenetically
diverse but morphologically similar aerobic and
anaerobic bacteria that exhibit filamentous
branching structures which fragment into bacillary
or coccoid forms. The aerobic members are a large,
diverse group of Gram-positive bacteria including
Nocardia, Gordona, Tsukamurella, Streptomyces,
Rhodococcus, Streptomycetes, Mycobacteria, and
Corynebacteria spp. The anaerobic genera of
medical importance include Actinomyces, Arachnia,
Rothia, and Bifidobacterium. Both Actinomyces and
Nocardia cause similar clinical syndromes involving
the lung, bone and joint, soft tissue, and the central
nervous system (CNS) in man. The medically
important Actinomyces organisms cause infections
characterized by chronic progression and abscess
formation, with fistulous tracts and draining sinuses
(Sullivan & Chapman 2010).

Epidemiology

Among the isolated obligate anaerobic bacteria from
ulcerative keratitis in horses, 9% were Actinomyces
spp. compared to 73% Clostridium spp. (Ledbetter
& Scarlett 2008).

Pathophysiology
Modes of infection and transmission are as yet
unknown.

Incubation period
Not established in the equine species yet.

Clinical presentation

Horses with abscesses caused by Actinomyces spp.
(including A. denticolens) (124, 125) ranged in age
from 1 to 11 years, and the abscesses were most
commonly located in the submandibular and
retropharyngeal regions. The bacterium was usually
cultured as the sole isolate and the horses were most
often affected in the autumn. Most of the abscesses
were treated with antimicrobials and drainage, but
some of them recurred. The horses with
submandibular abscesses had residual scar tissue that
in some cases did not resolve (Fielding et al. 2008).
Actinomyces sp. was cultured from a meningeal
abscess surrounding the pituitary gland and from
resolving lung abscesses in a 3-year-old female
Morgan horse with anorexia and nasal discharge
(Rumbaugh 1977). Skin nodules and pustules in a
12-year-old Arabian stallion were associated with A.
viscosus (Specht et al. 1991). Osteomyelitis of the
mandible with Actinomyces spp. (both A. viscosus
and A. odontolyticus) was diagnosed in a 4-year-old
male sports horse (Vos 2007). A. pyogenes was
cultured during septicaemia in colostrum-deprived
foals (Robinson et al. 1993).

Differential diagnosis

The differential diagnosis includes various causes of
internal abscessation (see p. 262). Mandibular
lymphadenopathy caused by A. denticolens might
mimick strangles (Albini ez al. 2008).

Diagnosis

Diagnosis of actinomycosis and nocardiosis
sometimes called ‘great masqueraders’, is often
delayed (Sullivan & Chapman 2010). Diagnosis
should depend on the detection of the bacteria
combined with appropriate clinical signs. Ultrasound
might be used to evaluate the abscesses and
ultrasonographic guidance might be used to drain
them (Fielding ez al. 2008).

Pathology

Histological examination of biopsy specimens
revealed globular eosinophilic structures in
A. viscosus dermatitis in a 12-year-old Arabian
stallion (Specht et al. 1991). Of interest,
immunostaining with polyclonal anti-bacillus
Calmette-Guérin is a suitable screening technique
for the rapid identification of most common
bacterial and fungal organisms in paraffin-embedded
specimens (Bonenberger et al. 2001).
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Management/Treatment

Once recognized, treatment of these infections
requires long courses of parenteral and oral therapy
(Sullivan & Chapman 2010). For instance,
concomitant treatment with isoniazid (8 mg/kg BW,
q 24h for 8 weeks), trimethoprim—sulfadiazine (30
mg/kg BW, q 24h for 8 weeks), and sodium iodide
solution (66 mg/kg BW, every 1, 2, or 4 weeks,
for 32 weeks) resolved A. viscosus dermatitis in a 12-
year-old Arabian stallion (Specht et al. 1991).
Surgical debridement with intravenous and local
iodine solution treatment were administered to a 4-
year-old male sports horse suffering from
osteomyelitis of the mandible with Actinomyces spp.
The horse was discharged after 7 days treatment
with TMP/S at 30 mg/kg BW, PO, sid for 2 weeks,
and a sodium iodide solution (Lugol), 60 mg/kg BW,
diluted in 40 ml of 0.9% NaCl, slowly every 2 weeks
for 2 months (Vos 2007). In horses with abscesses
caused by Actinomyces spp., the submandibular
abscesses were treated by lavage and drainage. Some
of the horses were also treated with systemic
antimicrobials, including doxycycline (10 mg/kg BW
orally bid) and/or trimethoprim/
sulfamethoxazole (30 mg/kg BW orally bid). All the
abscesses eventually stopped draining and sealed
over, after periods ranging from 2 weeks to 6
months. Some of the horses were left with excessive,
firm, but nonpainful fibrous scar tissue in the
affected areas.

Public health significance

Actinomyces spp. are not normally considered to be
zoonotic pathogens, although a case of septic
arthritis and osteomyelitis of the left ankle due to A.
pyogenes has been reported in a diabetic farmer
(Lynch et al. 1998).

124, 125 Actinomycosis. Extensive unilateral swelling of the
mandible due to a severe chronic osteomyelitis in a pony.
Actinomyces spp. was isolated from the lesion. (Courtesy of
Dr V.M. van der Veen.)
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Dermatophilus congolensis: ‘RAIN SCALD’
or STREPTOTRICHOSIS

Phylum BXIV Actinobacteria

Class I Actinobacteria/Subclass V
Actinobacteridae/Order I Actinomycetales/
Suborder IX Micrococcineae/Family VIII
Dermatophilaceae/Genus I Dermatophilus:
Nocardioform actinomycetes

Definition/Overview

Dermatophilus congolensis is the pathogenic
actinomycete that causes dermatophilosis (also
known as streptotrichosis) in cattle, lumpy wool in
sheep, and rain scald in horses and has public health
significance (Larrasa et al. 2002).

Aetiology

D. congolensis is a filamentous branching Gram-
positive actinomycete (Ambrose et al. 1998). The
protein patterns observed in all isolates of
D. congolensis reveal global antigenic similarities
and distinct differences among isolates which could
not be associated with either geographic, climatic or
host factors when examined by sodium dodecyl
sulphate polyacrylamide gel electrophoresis (SDS-
PAGE) and by Western blotting (Makinde & Gyles
1999). However, DNA extraction and random
amplified polymorphic DNA methods correlated
with host species but not with geographical location
(Larrasa et al. 2002).

Epidemiology

The disease has global distribution and is most
prevalent following periods of prolonged rainfall.
Transmission of D. congolensis by stable fly
(Stomoxys calcitrans) and house fly (Musca
domestica) has been reported (Richard & Pier 1966).
The organism could not be isolated from soil
samples collected from the immediate environment
of the diseased animals (Pal 1995).

Pathophysiology

The pathogenesis of this disease is poorly understood
and virulence factors of D. congolensis have not yet
been characterized (Ambrose et al. 1998).

Incubation period
The in vitro incubation period is 12 days at 37°C
(Hanel et al. 1991).

Clinical presentation

Clinical presentation includes a highly exudative
dermatitis with crusts and ‘paint-brush’ formation
localized predominantly at the dorsal midline, flanks,
and distal limbs, usually without pruritis (126-128).
In progressive disease, poor appetite, depression,
fever, lymphadenopathy, and weight loss can be seen.
Occasionally abortion might occur as a sequela
(Sebastian et al. 2008).

Differential diagnosis

Although the multiple papules and crusts with
‘paint-brush’  formation are regarded as
pathognomonic, Staphylococcus hyicus (subsp.
hyicus) mono-infection or co-infection should be
considered (DeVriese et al. 1983). However,
D. congolensis should be considered as a possible
aetiological agent associated with (mandibular)
lymphadenopathy and granulomatous inflammation
in the horse (Byrne et al. 2010).

Diagnosis

Diagnosis is usually based either on the detection of
the typical ‘railroad tracks’ appearance of
D. congolensis in a fresh impression smear stained
with Gram or Giemsa stain or a culture test (129). A
monoclonal antibody was used to demonstrate D.
congolensis in clinical material from confirmed
bovine and ovine cases and presumptive equine cases
of dermatophilosis by indirect immunofluorescent
staining (How et al. 1988).

Pathology

Dermatophilosis lesions are mostly situated on the
dorsal areas with downward expansions resembling
rain drops (hence the disease nomenclature rain
scald). Affected distal extremities only (grease heal)
may be apparent in horses kept in wet and muddy
conditions (Stannard 2000, Jubb et al. 2007).
Macroscopically the integument shows oedema,
erythema, and a crusting exudative serous to
suppurative dermatitis. Histological features include
oedema of the congested dermis and epidermal
neutrophilic exocytosis, with pustule formation and
eventually formation of thick alternating
orthokeratotic and parakeratotic serocellular crusts
embedded within which are the causative large
filamentous bacteria (130, 131).
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126, 127 Dermatophilus congolensis is
the pathogenic actinomycete that
causes dermatophilosis or rain scald in
horses (126) and has public health
significance. Note the crusts with
‘paint-brush’ formation (127) regarded
as pathognomonic for D. congolensis.

oy '_";-';E 4 | et -
128 Dermatophilosis (streptotrichosis) or rain scald. Haired 129 Dermatophilosis (streptotrichosis) or rain scald. Superficial
skin covered with typical extensive multilayered serocellular cytological smear of a crusting skin lesion. Note the typical
crusts containing the causative bacteria. Note the moderately longitudinal subdivisions of the serpentine branching bacteria
thickened hyperplastic epidermis. Dermatophilus congolensis. known as ‘railroad tracks’ appearance. Dermatophilus
(H&E stain. Bar 1 mm.) congolensis. (May-Griinwald-Giemsa stain. Bar 20 um.)

ok -
130, 131 Dermatophilosis (streptotrichosis)
Gram-positive bacteria. Several bacteria display longitudinal subdivisions (arrow). Dermatophilus congolensis. (Gram stain.
Bars 100/50 um, respectively.)




Bacterial diseases

Management/Treatment

Frequent topical application of a 3-5% povidone
iodine solution following clipping will usually cure
the dermatitis. The horse’s riding equipment should
be desinfected as well. Although isolates were
sensitive to penicillin G, ampicillin, streptomycin,
gentamicin, lincomycin, erythromycin, tetracycline,
oxytetracycline, bacitracin, and ceftiofur (Kriiger et
al. 1998), systemic antimicrobial treatment is usually
not necessary. A dry coat will prevent future disease.
There is no vaccine available yet for horses.

Public health significance

D. congolensis has public health significance as it
might cause chronic dermatitis (Albrecht et al. 1974,
Burd et al. 2007).

Corynebacterium pseudotuberculosis:
‘PIGEON FEVER *

Phylum BXIV Actinobacteria

Class I Actinobacteria/Subclass V
Actinobacteridae/Order I Actinomycetales/
Suborder X Corynebacterineae/Family I
Corynebacteriaceae/Genus I Corynebacterium:
Irregular, nonsporing Gram-positive rods

Definition/Overview

Corynebacterium pseudotuberculosis causes disease
in horses, sheep, and goats, and sporadically affects
other species, such as cattle and man (Costa et al.
1998). It is also called ‘pigeon fever’ due to the
swelling of the horse’s pectoral region resembling a
pigeon’s breast (Spier 2008).

Aetiology

C. pseudotuberculosis is a Gram-positive,
facultative, intracellular, pleomorphic bacterium. On
the basis of ribotyping, sheep and goat
isolates throughout the world appear to be
distinct from equine isolates (Costa et al. 1998).
Only C. diphtheriae, C. ulcerans, and
C. pseudotuberculosis are known to harbour
the phage-borne gene for production of toxin.
C. diphteriae has been associated with wound
infection in a 16-year-old Thoroughbred mare
(Henricson et al. 2000).

Epidemiology

Disease incidence is seasonal with the highest
number of cases occurring during the dry months of
the year. As a consequence, high environmental
temperatures and drought conditions usually precede
outbreaks (Spier 2008). Many insects, particularly
flies (house fly, Musca domestica; stable fly,
Stomoxys calcitrans; and horn fly, Haematobia
irritans) can all act as vectors of the disease (Spier et
al. 2004).

Pathophysiology

The portal of entry for this soil-borne organism is
thought to be through abrasions or wounds in the
skin and mucous membranes (Aleman et al. 1996).
Furthermore, the disease could be transmitted
through horse-to-horse contact or from infected to
susceptible horses via insects, other vectors, or
contaminated soil (Doherr et al. 1999).

Incubation period
The incubation period is 3—4 weeks (Doherr et al.
1999).
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132 External abscesses in the pectoral abdomen due to
Corynebacterium pseudotuberculosis infection. (Courtesy of
Dr M. Aleman, University of California, Davis, USA.)

133 External
abscess in the
axillary region due
to Corynebacterium
pseudotuberculosis.
(Courtesy of

Dr M. Aleman,
University of
California, Davis,
USA))

134 Internal organ
abscessation of the right
kidney due

to Corynebacterium
pseudotuberculosis.
(Courtesy of Dr M. Aleman,
University of California,
Davis, USA.)

135 Ulcerative lymphangitis
of the left hind limb due

to Corynebacterium
pseudotuberculosis.
(Courtesy of Dr M. Aleman,
University of California,
Davis, USA.)

Clinical presentation

Three clinical forms of the disease occur: external
abscesses in the pectoral or ventral abdomen (132,
133); internal organ abscesses including involvement
of liver, lungs, kidneys, and spleen (134); and
ulcerative lymphangitis of the limbs (135), with the
first form being most common. Residual lameness or
limb swelling is seen as a sequela of ulcerative
lymphangitis/cellulitis (Pratt ez al. 2005, Spier 2008).
About 9% of horses with C. pseudotuberculosis
infection have recurrent infections in subsequent
years (Aleman et al. 1996). C. pseudotuberculosis
has also been associated with epididymitis—orchitis

in an 11-year-old Tennessee Walking horse stallion
(Gonzalez et al. 2008). The mortality rate for horses
with internal abscessation has been reported to vary
from 28% to 40% (Aleman et al. 1996, Vaughan et
al. 2004, Pratt et al. 2005). Interestingly, of 53 horses
with purpura haemorrhagica 17 had been exposed
to or infected with Streptococcus equi subsp. equi,
whereas nine had been infected with C.
pseudotuberculosis (Pusterla et al. 2003).

Differential diagnosis
The differential diagnosis includes various causes of
internal abscessation (see p. 262).
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Diagnosis
Ultrasonography examinations can be helpful

for detecting internal abscesses (136, 137) (Aleman
et al. 1996, Vaughan et al. 2004). The

ultrasonographic appearance of these abscesses is
characterized by focal or multifocal hypoechoic
areas or cavities without an identifiable capsule or
accumulation of hyperechoic material (Vaughan et
al. 2004). The synergistic (with the exotoxins of R.
equi) haemolysis inhibition (SHI) test is currently

136 Ultrasonographic appearance of limb abscesses in
Corynebacterium pseudotuberculosis infection. (Courtesy of
Dr M. Aleman, University of California, Davis, USA.)

137 Purulent
exudate
associated with
Corynebacterium
pseudotuberculosis
infection.
(Courtesy of

Dr M. Aleman,
University of
California,

Davis, USA.)

regarded as the most useful serological test available
to detect IgG antibody to C. pseudotuberculosis in
horses with internal infections. Dilution titres =512
are suggestive of the presence of internal
abscessation (Knight 1978, Aleman et al. 1996,
Vaughan et al. 2004, Spier 2008).

Pathology

Ulcerative lymphangitis typically affects initially the
fetlocks of the hindlimbs, where diffuse swellings
develop into dermal abscesses that may rupture and
produce haemorrhagic purulent exudate. Various
stages in the development and healing of ulcerated
abscesses and lymphangitis may be present.
Inflammation can advance and spread to pectoral
and  cervical  regions.  Furthermore, C.
pseudotuberculosis infection can cause folliculitis
(contagious acne) (Aleman et al. 1996, Jubb et al.
2007).

Management/Treatment

The use of antimicrobials for external abscesses is
not necessary in most horses and may prolong the
time to resolution (Aleman et al. 1996). However,
antimicrobials are clearly indicated for horses with
ulcerative lymphangitis or internal abscesses.
Rifampicin (2.5-5.0 mg/kg BW bid orally) combined
with ceftiofur (2.5-5.0 mg/kg BW bid IV or IM)
appears highly effective for the treatment of internal
abscesses. In addition, internal abscesses have
reportedly responded to procaine penicillin (20,000
IU/kg BW bid IM), TMP/S (5.0 mg/kg BW bid
orally) and potassium penicillin (20,000-40,000
IU/kg BW qid IV) (Pratt et al. 2005, Spier 2008).

In cases of ulcerative lymphangitis/cellulitis
physical therapy, including hydrotherapy, hand
walking, and wraps, as well as nonsteroidal anti-
inflammatory  drugs (NSAIDs) for pain
management are recommended as additional
therapy. For prevention of disease, good sanitation
and fly control are suggested (Spier 2008).

Public health significance
C. pseudotuberculosis is also associated with
lymphadenitis in humans (Peel et al. 1997).
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Mycobacterium spp.: TUBERCULOSIS
Phylum BXIV Actinobacteria

Class I Actinobacteria/Subclass V
Actinobacteridae/Order T Actinomycetales/
Suborder X Corynebacterineae/Family IV
Mycobacteriaceae/Genus I Mycobacterium:
mycobacteria

Definition/Overview

Tuberculosis (TB) is a chronic, granulomatous
disease caused by mycobacteria. Mycobacterial
disease is considered to be uncommon in horses
(Tasler & Hartley 1981, Cline et al. 1991, Gunnes et
al. 1995, Keck et al. 2010, Monreal et al. 2001).

Aetiology

Mycobacteria are characterized as aerobic, acid-fast,
nonspore-forming, slow-growing bacterial rods. As
horses are considered to have a high innate resistance
to Mycobacterium bovis, most reported equine cases
of mycobacteriosis are caused by M. avium complex
(Monreal et al. 2001) including subsp. hominissuis
(Kriz et al. 2010).

Epidemiology

Historically most of the reported equine TB cases
were caused by M. bovis, but with the
implementation of eradication programmes for
bovine TB the preponderance has shifted towards M.
avium (Mair et al. 1986, Monreal et al. 2001).

Pathophysiology

Although the alimentary infection route appears to
be the most common in the horse with primary
involvement of the mesenteric lymph nodes (Gunnes
et al. 1995, Jubb et al. 2007), airborne infection
cannot be excluded (Gunnes et al. 1995). In
comparison, transmission of TB occurs with the
highest frequency from human patients with
extensive, cavitary, pulmonary disease and positive
sputum smear microscopy (Helke et al. 2006).

Incubation period
Not established in the equine species yet.

Clinical presentation

Clinical signs of TB in horses are extremely variable
including fever, anorexia, weight loss (138),
(intermittent) diarrhoea (Lofstedt & Jakowski 1989,
Flores et al. 1991, Gunnes et al. 1995, Monreal et
al. 2001, Kriz et al. 2010), poor racing performance
(Sills et al. 1990), subcutaneous oedema in the
ventral abdominal and scrotal regions (Lofstedt &
Jakowski 1989, Gunnes et al. 1995), diffuse
granulomatous dermatitis (Mair et al. 1986, Flores et
al. 1991), neck stiffness (Binkhorst et al. 1972), and

138 The differential diagnosis of equine mycobacteriosis
includes (intermittent) fever and chronic weight loss.

spread to the vertebrae (Mair ef al. 1986, Flores et al.
1991). Secondary lesions consisting of miliary or
nodular tubercles have been reported in the lungs,
liver, spleen, pancreas, myocardium, kidneys, serous
membranes, and vertebrae, and less frequently in the
skin, eyes, and other lymph nodes (Mair et al. 1986,
Lofstedt & Jakowski 1989, Flores et al. 1991,
Leifsson et al. 1997, Monreal et al. 2001). Abortion
due to M. avium complex has been described in a 6-
year-old Standardbred at approximately 300 days of
gestation (Hélie & Higgins 1996) as well as in a 17-
year-old Standardbred at 160 days of gestation due
to M. avium (Cline et al. 1991).

Differential diagnosis
The differential diagnosis includes various causes of

chronic weight loss and (intermittent) fever (see p.
263).

Diagnosis

Although abdominal palpation per rectum revealed
mild thickening of the wall of the large colon
(Lofstedt & Jakowski 1989), taut bands and small
nodules on the small and large intestines (Gunnes et
al. 1995), and an enlarged spleen with a very stiff
consistency and big nodules in a generalized
distribution (Monreal et al. 2001) antemortem
diagnosis of equine mycobacteriosis remains a
challenge, as failure to demonstrate acid-fast rods in
direct smears and tissue sections using Ziehl-Nielsen
staining does not exclude TB (Mair et al. 1986,
Gunnes et al. 1995). Furthermore, an antemortem
diagnosis is very difficult to achieve in horses, as
intradermal skin testing (Cline et al. 1991) is
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unreliable in horses because up to 70% of clinically
normal horses may have positive test results (Konyha
& Kreier 1971). However, histological evaluation of
liver biopsy tissue revealed granulomatous hepatitis
associated with acid-fast Gram-positive bacilli
characterized as M. avium serotypes 1 and 8 in a 15-
month-old Appaloosa colt (Lofstedt & Jakowski
1989). When the spleen is affected as shown by
multiple hypoechoic nodules ranging from 1 to 5 cm
in diameter ultrasonographically, the diagnosis can
also be confirmed by biopsy (Monreal ez al. 2001).
On the other hand, a biopsy of a chronic lingual
ulcer in a 17-year-old Standardbred mare did not
reveal the causative M. avium by acid-fast staining
in contrast with post-mortem examination (Cline et
al. 1991). It can be difficult to diagnose TB with
culture. A rough colony variant of M. avium
complex was cultured from a mare’s faeces and
ileocaecal lymph node after 4 weeks of incubation at
37°C (Cline et al. 1991).

Microscopy and culture still comprise the major
backbone of laboratory diagnosis of TB (Chang et
al. 2010). A PCR assay may be used to diagnose TB
in horses and to identify the mycobacteria much
faster than traditional methods (Monreal et al.
2001). Furthermore, the M. tuberculosis complex
detection rate was 63% by PCR restriction
fragment length polymorphism (PCR-RFLP)
analysis, 79% by acid-fast stain, and 85% by a gene
chip membrane array method in culture-positive
human sputum specimens (Chang et al. 2010).

Histopathology - the results of which are
available within days — is important in diagnosing
difficult cases and should be requested early on
(Malipeddi et al. 2007). However, whereas samples
of lung, liver, spleen, and mesenteric lymph nodes
taken at post-mortem examination yielded growth
of M. avium serotype 4 from all organs, no acid-fast
bacteria were seen in direct smears or tissue sections
(Gunnes et al. 1995).

Abnormal laboratory findings included anaemia,
hypoalbuminaemia, hyperglobulinaemia (Lofstedt
& Jakowski 1989), mild leucocytosis, and neutro-
philia (Monreal et al. 2001).

Pathology

According to Luke (1958), the pathological lesions in
equine mycobacteriosis do not resemble those seen
in mycobacteriosis in other animals. As caseation
and necrosis are usually absent, the lesions are
reported to take on a neoplastic appearance. This
observation agrees with the findings in another
report (Gunnes et al. 1995). However, horses also
develop cavitary lesions with M. bovis (Francis
1958). Other animals that develop cavitary lesions
with M. bovis include elephants, goats, sheep, and

dogs. Interestingly, cattle rarely, if ever, develop
cavitary lesions (Helke et al. 2006).

Myriads of intracytoplasmic acid-fast (Ziehl-
Nielsen) bacilli are commonly observed in
multinucleated giant cells, Langhans giant cells, and
macrophages, with other findings including diffuse
chronic granulomatous inflammation in various
organs and tissues usually containing acid-fast
bacilli (Sills et al. 1990, Flores et al. 1991,
Malipeddi et al. 2007). Granulomatous
enterocolitis generally represents the primary
complex with involvement of the mesenteric lymph
nodes (Lofstedt & Jakowski 1989, Gunnes et al.
1995, Jubb et al. 2007).

Management/Treatment
Usually not appropriate, as TB due to M. bovis is a
reportable disease.

Public health significance

M. bouvis (as well as M. tuberculosis) has important
public health significance and is a reportable disease.
M. bovis affects 17% of registered cattle farms in
Devon, UK, and unpasteurized milk is consumed by
an estimated 22% of Devon families with M. bovis
reactor herds (Collinson et al. 2007). Most cases of
human TB are caused by M. tuberculosis, and
reliable information is not generally available on the
incidence of M. bovis TB in humans. M. bovis is now
estimated to account for less than 1% of human TB
in most industrialized countries (Thoen & LoBue
2007).
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Nocardia spp.

Phylum BXIV Actinobacteria

Class I Actinobacteria/Subclass V
Actinobacteridae/Order I Actinomycetales/
Suborder X Corynebacterineae/Family V
Nocardiaceae/Genus I Nocardia: Nocardioform
actinomycetes

Definition/Overview

Abortion and opportunistic (fatal) pneumonia or
disseminated infection can be caused by Nocardia
spp., but are uncommon and only a few sporadic
cases have been reported in horses.

Aetiology

The genus Nocardia contains Gram-positive,
catalase-positive, rod-shaped bacteria including
N. asteroides.

Pathophysiology
Modes of infection and transmission are as yet
unknown (Volkmann et al. 2001).

Incubation period
Not established in the equine species yet.

Clinical presentation

Clinical signs include abortion associated with
placentitis and as a consequence foal losses from late
abortions, stillbirths, prematurity, or early neonatal
deaths. The foals are usually not infected, but may be
small or emaciated. Furthermore, infertility and
endometritis are mentioned as sequelae (Volkmann
et al. 2001).

In addition, in immunocompromised horses (e.g.
those suffering from severe combined immuno-
deficiency disease, pituitary pars intermedia
dysfunction, or lymphosarcoma), N. asteroides
infection was associated with fatal pulmonary or
disseminated infections (Biberstein et al. 1985).

Diagnosis

Diagnosis should depend on detection of the bacteria
combined with appropriate clinical signs. A murine
model has been used to develop a sensitive and
specific serological test for clinical and subclinical
infections caused by Nocardia spp. The following
tests were able to differentiate between mice infected
with and without nocardiae: (a) ELISAs with culture
filtrate and cytoplasmic extract antigens from N.
asteroides; (b) ELISA with N. asteroides trehalose
dimycolate (cord factor); (c¢) indirect immuno-
fluorescent antibody assay with whole cells of N.
asteroides; and (d) Western-blot analysis for the 54—
55 kDa, 36 kDa, and 62 kDa proteins of N.
asteroides (Kjelstrom & Beaman 1993).

Pathology
Pathological examination might reveal an exudative
placentitis.

Management/Treatment

In one study after a 2-week course of oral
trimethoprim and sulphamethoxazole, based on
antibiotic sensitivity testing, a uterine flush yielded
no further growth (Volkmann et al. 2001). In two
equine cases, N. asteroides infection was traumatic
in origin and local in extent and the horses recovered
without relevant antimicrobial therapy (Biberstein et

al. 1985).

Public health significance

Zoonotic transmission cannot be excluded as a 75-
year-old man who worked at a horse racing track
developed pulmonary disease associated with N.
asteroides. Occupational inhalation of soil has been
suggested to have caused his disease (Nakagawa er
al. 1996).
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Rhodococcus equi: ‘RATTLES’
Phylum BXIV Actinobacteria

Class I Actinobacteria/Subclass V
Actinobacteridae/Order I Actinomycetales/
Suborder X Corynebacterineae/Family V
Nocardiaceae/Genus II Rhodococcus:
Nocardioform actinomycetes

Definition/Overview
Pyogranulomatous lesions caused by the soil
actinomycete Rhodococcus (formerly

Corynebacterium) equi are seen most commonly in
foals aged 30-60 days (Bain 1963, Higuchi et al.
1997). The pyogranulomatous lung lesions
characteristic of R. equi infections reflect its ability to
survive in macrophages, a characteristic also of M.
tuberculosis, to which it is closely related (Meijer &
Prescott 2004).

Aetiology

R. equi is a Gram-positive facultative intracellular
pathogen that replicates in macrophages, and is one
of the most important causes of pneumonia in foals
between 3 weeks and 5 months of age (Giguére &
Prescott 1997). R. equi belongs to the Mycolata, a
phylogenetically distinct group of high G+C Gram-
positive bacteria that contains a number of
pathogens, including species of the genera
Mycobacterium, Nocardia and Corynebacterium
(Goodfellow & Alderson 1977). The possession of
a large virulence plasmid containing a 27 kb
pathogenicity island that encodes seven related
virulence-associated proteins (Vaps) is crucial for
virulence in foals (Meijer & Prescott 2004). Serotype
1 was the type most commonly isolated (72%) from
clinical samples of foals or from the soil of horse
facilities in Hungary. Six out of eight R. equi strains
from humans belonged to serotype 2, and two
human strains were untypable (Makrai et al. 2008).
However, it has been shown that individual foals can
be infected with multiple strains of virulent R. equi
(Bolton et al. 2010).

Epidemiology

The majority of cases of R. equi infection are
diagnosed during dry, warm summers; not only are
these conditions optimal for bacterial multiplication
but also they give rise to a dusty environment

causing foals to inhale contaminated dust particles
(Meijer & Prescott 2004).

Pathophysiology

The basis of pathogenicity of R. equi is its ability to
multiply in and eventually to destroy alveolar
macrophages. Immunity to R. equi pneumonia in
foals is likely to depend on both the antibody- and
cell-mediated components of the immune system
(Meijer & Prescott 2004).

Both the oral and pulmonary routes of infection
are possible (Smith & Robinson 1981). The distinct
peribronchiolar distribution of the lesions observed
in foals after multiple challenges with aerosols
containing R. equi is precisely the type of
distribution to be expected in a bacterial infection
spread by aerosol (Martens et al. 1982). In addition,
the intrabronchial instillation of R. equi also
resulted in pulmonary lesions that were
histologically representative of the natural disease
(Magnusson 1938, Johnson et al. 1983a). On the
other hand, the intragastric inoculation of R. equi
induced lesions typical of the intestinal form of the
naturally occurring disease, but failed to cause
pneumonia (Johnson et al. 1983b). Furthermore, R.
equi can produce subcutaneous abscesses when it is
injected experimentally by the subcutaneous route
(Magnusson 1938), suggesting migrating helminth
larvae, such as S. westerii, as a source of infection.

Incubation period
The incubation period is about 18 days (Barton &
Embury 1987).

Clinical presentation

The clinical signs of the disease are variable, but
include increased respiratory rate, fever, cough, nasal
discharge, harsh airway sounds, and wheezing. The
respirations can have a characteristic rattle, which
gave rise to the local appellation of ‘rattles’ for the
disease (Bain 1963). Two clinical forms of R. equi
pneumonia have been distinguished in foals. In the
subacute form, apparently normal foals suddenly
develop respiratory distress and severe pneumonia,
and die within a few days. This form of the disease
is characterized by a diffuse miliary pyogranulo-
matous pneumonia. In the chronic form, foals have
a history of chronic unresponsive pneumonia and/or
systemic disease (139). This chronic form is
characterized by a chronic pyogranulomatous
pneumonia with focal abscessation of the lung and
pulmonary lymph nodes (Martens et al. 1982).
Abscesses associated with R. equi can be found in
organs other than the lungs, for example in the liver,
kidneys, spleen, or the cervical lymph nodes. Cases
also occur with intestinal ulcers and large abscesses
in the mesenteric lymph nodes associated with
diarrhoea (Magnusson 1938, Bain 1963, Higuchi et
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al. 1997). Kidney abscesses have been described in
an 8-day-old foal (Bain 1963). Other less common
clinical manifestations of infection with R. equi in
foals include ulcerative enterocolitis, colonic or
mesenteric lymphadenopathy, ulcerative
lymphangitis, immune-mediated synovitis and
uveitis, osteomyelitis, and septic arthritis (Giguere &
Prescott 1997, Meijer & Prescott 2004). A chronic
active, nonseptic synovitis (140) was found in 36%
of cases. These foals were either apparently sound or
were only mildly lame. The swelling of the joints
usually disappears with no permanent effects as the
pneumonia resolves (Sweeney et al. 1987).

At least one of 39 extrapulmonary disorders was
found in 74% of foals infected with R. equi.
Survival was significantly higher among foals
without extrapulmonary disorders (82%) than
among foals with extrapulmonary disorders (43%),
but many extrapulmonary disorders were only
recognized after death (Reuss et al. 2009).
Furthermore, R. equi pneumonia is rarely seen in
adult horses (Morresey & Waldridge 2010).

Differential diagnosis
The differential diagnosis includes various causes of
internal abscessation (see p. 262).

139 Depression, dyspnoea, and weight loss in a 2-month-old
Warmblood filly suffering from Rhodococcus equi pneumonia.

140 Chronic
active, nonseptic
synovitis in a 2-
month-old
Warmblood filly.
The swelling of
the joints usually
disappears with
no permanent
effects as the
Rhodococcus equi
pneumonia
resolves.
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141 Typhlocolical rhodococcosis. Extensive ulcerative colitis
and pyogranulomatous mesocolical lymphadenitis. Especially
evident are the severely enlarged (lymphadenomegaly) pale
colical lymph nodes. Rhodococcal infections are associated
with a massive migration of nematode larvae, which may
spread the bacterium. Rhodococcus equi.

142, 143 Colical rhodococcosis. Close-up of the colon mucosa affected by typical multiple crateriform ulcerations.
Rhodococcus equi.

;. T .- o y § _'
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144, 145 Pulmonary rhodococcosis. 144: Focal pyogranulomatous pneumonia/lung abscess, cut section of a pale circumscript
mass of consolidated pulmonary parenchyma in otherwise hyperaemic lung tissue; 145: corresponding micrograph depicts the

nodular consolidated pulmonary parenchyma consisting of many neutrophils and macrophages enclosed by a fibrotic capsule
(arrow) with adjoining still aerated alveoli. (H&E stain. Bar 500 um.)
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Diagnosis Pathology
At present, identification of R. equi from the R. equi infections can cause a (typhlo)colitis with
respiratory tract via transtracheal aspirates is the typical multiple ulcerative crateriform lesions,
only method for diagnosing the disease definitively in particularly in the gut-associated lymphoid tissue

vivo (van der Kolk et al. 1999). However, only 62% (GALT) covering mucosa (141-143). Lesions
of foals with positive R. equi cultures post-mortem can expand to the associated lymph nodes.
yielded R. equi on culture of tracheal aspirates Other tissues frequently affected are lungs (144-
(Hillidge 1987). In addition, radiography and/or 149), joints (150, overleaf), and muscle (151,
ultrasonography revealing pulmonary abscesses as overleaf) in foals. The intestinal and pulmonary
well as increased total protein and gamma-globulin ~ forms usually co-occur. The lung lesions can vary
content of blood support the tentative diagnosis of =~ from a suppurative bronchopneumonia to
R. equi pneumonia. (multifocal)  pyogranulomatous  pneumonia.

147 Pulmonary rhodococcosis. Pyogranulomatous

pneumonia, numerous neutrophils and macrophages pneumonia, a large multinucleated giant cell shows
including multinucleated giant cells (arrow) occupy the phagocytosis of neutrophils and cellular debris. (H&E stain.
alveolar spaces. (H&E stain. Bar 100 um.) Bar 50 um.)

148, 149 Pulmonary rhodococcosis. Pyogranulomatous pneumonia, close-up of a multinucleated giant cell laden with cocci,
especially evident in a Gram stain (149). The bacterium can resist and multiply in the macrophage cytoplasm when phagocytosed.
(148: H&E stain. Bars 20 um.)
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150 Articular rhodococcosis. Serofibrinous arthritis and 151 Rhodococcosis. Extensive muscular abscessation. In this
tendovaginitis. The carpometacarpal joint and periarticular foal the proximal hindlimb was markedly swollen due to
bursae contain a serofibrinous exudate. Rhodococcus equi. massive amounts of intramuscular pus surrounding the hip

joint. Rhodococcus equi.

CAE i _
152 Acute (fatal) colitis associated with Clostridium difficile in

mares has been reported when their foals are treated with
erythromycin and rifampicin for Rhodococcus equi pneumonia.
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Microscopically, the pyogranulomata or abscesses
are composed of caseous masses of macrophages,
neutrophils, multinucleated giant cells, and necrotic
debris. Similar inflammatory infiltrates affect the
colical mucosa, submucosa, and lymph nodes. The
pathogen can readily be seen in the cytoplasm of
macrophages and multinucleated giant cells in
additional histochemical stains such as Gram or
Giemsa.

Management/Treatment

Severe radiographic changes should not be used as a
criterion for euthanasia, as foals may recover despite
massive abscess formation (Sweeney et al. 1987). In
one study, 85% of foals with radiographic evidence
of lung abscessation survived (Hillidge 1987).

The combination clarithromycin (7.5 mg/kg BW
PO bid)-rifampicin (rifampin) (5 mg/kg BW PO bid
or 10 mg/kg BW PO bid or 10 mg/kg BW PO sid)
was regarded as superior to azithromycin—
rifampicin (rifampin) or erythromycin stearate—
rifampicin (rifampin) for the treatment of
pneumonia caused by R. equi in foals in a referral
population associated with an overall survival rate
of 69%. The odds of short-term treatment success
were 12 times higher and the odds of long-term
treatment success were 21 times higher in foals
treated with clarithromycin compared to foals
treated with erythromycin. The only reported
adverse effect was diarrhoea that was mild and self-
limiting in most cases (Giguére & Prescott 1997,
Giguere et al. 2004). However, Clostridium difficile
associated with acute colitis has been reported in
mares when their foals were treated with
erythromycin and rifampicin for R. equi (152)
(Baverud et al. 1998). Preliminary findings indicate
that tulathromycin (2.5 mg/kg BW IM once weekly)
might be an attractive alternative treatment with
reported side-effects being self-limiting diarrhoea,
transient elevated temperature, and moderate
swellings at the injection site (Venner 2009).
However, the importance of microbiological culture
and antimicrobial susceptibility testing in foals with
pneumonia caused by R. equi has been emphasized,
as the survival proportion of foals infected with
resistant R. equi isolates (25%) was significantly
less than the survival proportion of foals that
received the same antimicrobial treatment from
which antimicrobial-susceptible isolates were
cultured (70%) (Gigueére et al. 2010).

It has been stated that the incidence of the disease
should decrease with good husbandry and helminth
control (Bain 1963, Prescott et al. 1984).
Vaccination of mares and their foals with virulence-
associated protein antigen did not protect the foals
and may even have enhanced R. equi pneumonia in

them (Prescott et al. 1997). In addition,
administration of R. equi hyperimmune plasma at 2
days of age decreased the severity of radiographic
lesions and prolonged time to increased respiratory
effort due to R. equi-induced pneumonia (Caston et
al. 2006). However, the difference in incidence of
pneumonia caused by R. equi observed between
foals that received plasma and control foals was not
significant (Giguere et al. 2002).

It has been shown that the time required to
achieve a 1 log10 reduction in R. equi populations
(D-value) are 17.1 h (£1.47) at 45°C, 8.6 h (x0.28)
at 50°C, 2.9 h (£0.04) at 55°C and 0.7 h (+0.04) at
60°C, temperatures potentially encountered during
horse manure composting (Hébert et al. 2009).

Public health significance

R. equi is an important cause of aquired immune
deficiency syndrome (AIDS)-associated pneumonia
in human immunodeficiency virus (HIV) infected
humans (Meijer & Prescott 2004).
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Chlamydophila spp.

Phylum BXVI Chlamydiae/Class I
Chlamydiae/Order I Chlamydiales/Family I
Chlamydiaceae/Genus I Chlamydia

Definition/Overview

The most important animal chlamydiosis with
zoonotic character is psittacosis, a systemic disease in
psittacine birds of acute, protracted, chronic, or
subclinical manifestation. The analogous infection in
domestic and wild fowl is known as ornithosis.
Avian strains of Chlamydophila (previously
Chlamydia) psittaci can also infect humans, the
symptoms being mainly unspecific and influenza-
like, but severe pneumonia, endocarditis, and
encephalitis are also known (Sachse & Grossmann
2002). The clinical significance of Chlamydophila
spp. in the development of disease in the equine
species has not yet been determined, although it has
been associated with upper respiratory and genital
tract disease, polyarthritis, hepatitis, and abortion in
horses.

Aetiology

Members of the Order Chlamydiales are obligate
intracellular bacteria that are transmitted as
metabolically  inactive particles and must
differentiate, replicate, and redifferentiate within the
host cell to carry out their life cycle. Two different
forms exist, namely the elementary body and the
reticulate body. The cell wall-containing elementary
body is the spore-like infectious form, whereas the
larger intracytoplasmatic reticulate body is
associated with intracellular reproduction of the
organism (Abdelrahman & Belland 2005).

The Chlamydiales are a family of unique
intracellular pathogens that cause significant
disease in humans, birds, and a wide range of
animal hosts. Of the currently recognized species
Chlamydophila pneumoniae, unlike the other
chlamydial species, has been previously considered
to be solely a pathogen of humans, causing
significant respiratory disease, and has also been
strongly connected with cardiovascular disease
(Bodetti et al. 2002). The family Chlamydiaceae
now comprises two genera (Chlamydia and
Chlamydophila) with nine largely host-related
species and four species within the genus Chlamydia
(Sachse & Grossmann 2002). The presence of a
unique plasmid DNA may prove to be a useful
taxonomic marker for equine C. psittaci (Wills et al.
1990). Chlamydophila abortus was the agent most
frequently found in clinical samples from horses
(Pantchev et al. 2010), whereas C. psittaci or
abortus was present in the lungs of both clinically

healthy horses and those with recurrent airway
obstruction (RAO) (Theegarten et al. 2008).

Epidemiology

C. psittaci was isolated from 5% of nasal and
conjunctival swabs from normal horses (Mair &
Wills 1992). A seroprevalence of 15% has been
reported in light (i.e. non-draught) horses in
Japan using complement fixation antibodies, with
the 2-5 vyears age group having the highest
prevalence of chlamydial infections (Miyamoto et al.
1993).

Pathophysiology

Two C. psittaci proteins capable of binding
eukaryotic cell membranes were identified as a
protein of approximately 16-18 kDa and a second

larger protein, ranging in molecular mass from 24 to
32 kDa (Baghian & Schnorr 1992).

Incubation period

Following experimental challenge with an equine
isolate into the eye, nasal cavity, or bronchial tree,
C. psittaci could be isolated from nasal and
conjunctival swabs taken from ponies for up to
17 days after challenge without evidence of clinical
disease (Mair & Wills 1992). Furthermore,
following experimental challenge, interstitial
pneumonia and focal hepatic necrosis were observed,
and subsequently C. psittaci was reisolated from the
lung tissues (McChesney et al. 1982).

Clinical presentation

The clinical significance of C. psittaci in the
development of respiratory disease in the horse has
not yet been determined (Wills ez al. 1990), although
it has been associated with (fatal) respiratory disease
(Moorthy & Spradbrow 1978, McChesney et al.
1982). Although the absence of Chlamydophila as
an aetiological factor in aborting mares has been
stated (Forster et al. 1997), the obligate
intracytoplasmic bacterium was associated with
abortion (Henning et al. 2000) and chlamydiae were
isolated from 27% of fetuses originating from eight
different studs (Bocklisch et al. 1991). Furthermore,
chlamydiae could not be detected in swab samples
taken from the uteri of mares showing reproductive
disorders (Szeredi et al. 2003). Chlamydiae were
demonstrated in 3.4% of stallion ejaculates without
a relationship between their presence and impaired
functional and morphological quality of ejaculates
(Véznik et al. 1996). Similarly, no chlamydiae were
isolated from synovial fluids from horses with acute
polyarthritis (Moorthy & Spradbrow 1978),
although a Chlamydophila sp. was associated with



Bacterial diseases

polyarthritis in a foal (McChesney et al. 1974).

However, conjunctivitis and serous to
mucopurulent rhinitis in Trakehner foals and older
horses at a stud farm were attributed primarily to
monoinfection with Chlamydophila caviae and
subsequent aggravation by Streptococcus equi
subsp. zooepidemicus (Gaede et al. 2010).

Differential diagnosis
The differential diagnosis predominantly includes
various causes of abortion and fever (see p. 263).

Diagnosis

Although the equine species appears peculiarly
resistant to infection, it is possible that this scarcity
of information more accurately reflects the failure to
consider chlamydia in diagnosis (Shewen 1980). A
six species Chlamydiaceae-specific real-time PCR
assay is available now to identify the chlamydial
species involved (Pantchev et al. 2010).

Pathology

Following post-mortem examination, chlamydiae
were not isolated from any equine lower respiratory
tract (Blunden & Mackintosh 1991). Reported
lesions in horses include keratoconjunctivitis,
rhinitis, bronchointerstitial pneumonia, polyarthritis,
enteritis, hepatitis, abortion, and encephalitis. The
obligate intracellular organism can be detected
microscopically as two types of cytoplasmic
inclusions, the reticulate body and the elementary
body (infectious form); they are composed of
membrane-bound Gram-negative bacteria (Jubb et
al. 2007, McGavin & Zachary 2007). In general, C.
psittaci can infect respiratory epithelial cells,
endothelial cells, and leucocytes, and spread to
various organs via leucocyte trafficking.

Management/Treatment
Treatment of diseased horses is supportive.

Public health significance

C. psittaci has public health significance and its
zoonotic risk should be minimized. The transmission
of C. psittaci from birds to man is universally
recognized. The disease in man may vary from
inapparent infection to severe pneumonitis with
septicaemia and death. Most frequently a transient
influenza-like syndrome is observed with nausea,
fever, vomiting, myalgia, chills, headache, and
malaise. Trachoma-like follicular conjunctivitis may
be the only sign. Infection is usually acquired by
inhalation of dust from infected droppings, exudates,
down, or other contaminated particles. There are
few well-documented cases of human chlamydial

infection with chlamydiae of mammalian origin
(Shewen 1980).

A 20-year-old man who presented with painful
inguinal and femoral masses following sexual
contact with a donkey mare 14 days before was
diagnosed with lymphogranuloma venereum based
on the histopathological findings and a high titre of
IgG (1:1400) ( Khorvash et al. 2008).
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Borrelia burgdorferi: LYME DISEASE
Phylum BXVII Spirochaetes
Family I Spirochaetaceae/Genus Il Borrelia

Definition/Overview

Borreliosis is a multisystemic tick-borne disease (also
called Lyme disease or Lyme borreliosis in humans)
caused by the Borrelia burgdorferi sensu lato
complex. Over 100 years ago, Afzelius described a
patient with an expanding skin lesion, called
erythema migrans, which is now known to be the
initial skin manifestation of Lyme borreliosis in
humans. Approximately 70 years later, in 1976,
epidemiological evaluation of a cluster of children
with arthritis in the city Old Lyme, Connecticut, USA
led to a complete description of the infection, and
the aetiological agent of the disease was discovered
by Burgdorfer et al. (Butler et al. 20035, Steere 2006).

Aetiology

Borrelia spp. are Gram-negative, thin, elongated,
motile bacteria with flagellar projections. The Lyme
disease spirochaete contains 21 plasmids (nine
circular and 12 linear) and this is by far the largest
number of plasmids found in any known bacterium.
Furthermore, the combination of genetic complexity
(at least 132 functioning genes), intracellular
localization, immune evasion, and autoregulation
makes the Lyme disease spirochaete a formidable
infectious agent (Qiu er al. 2004, Stricker et al.
200S).

The causative agents of borreliosis belong to the
phylum of Spirochaetes and are grouped in the B.
burgdorferi sensu lato species complex, which is
divided into at least 11 different genospecies (B.
afzelii, B. garinii, B. burgdorferi sensu stricto, B.
andersoni, B. japonica, B. lusitaniae, B. sinica, B.
tanuki, B. turdii, B. valaisiana, and B. bissettii)
(Wang et al. 1999, Stanek et al. 2004). B. afzelii was
the predominant genospecies in clinically normal
horses in Austria (Muller et al. 2002).

Epidemiology

In Europe, the main vector of B. burgdorferi sensu
lato is Ixodes ricinus (153), while in the USA it is
black-legged ticks (Ixodes scapularis). Animals such
as small rodents are known reservoirs (Gern et al.
1998, Humair et al. 1999). In addition, birds also
play a role as reservoir hosts in the ecology of Lyme
borreliosis (154) (Humair 2002), and ticks can be
transported over large distances and across
geographical barriers by avian hosts. The highest
prevalence of tick infestation was observed in
thrushes and dunnock (Prunella modularis) with
Ixodes ricinus being the predominant tick, whereas
Hyalomma rufipes and Dermacentor spp. were also

found in Norway (Hasle et al. 2009). Prevalences of
tick infestation in Switzerland were 6% and 18% for
birds migrating northward and southward,
respectively, with Ixodes ricinus being the dominant
tick species. Among birds migrating southward, five
species (Erithacus rubecula, Turdus philomelos,
T. merula, Phoenicurus ~ ochruros, and
P. phoenicurus) carried B. burgdorferi sensu lato-
infected ticks. Infection rates of examined I. ricinus
ticks were 17% for larvae and 35% for nymphs
(Marie-Anggle et al. 2006). It has been estimated that
migratory birds disperse 50-175 million I. scapularis
ticks across Canada each spring, implicating
migratory birds as possibly significant in I. scapularis
range expansion in Canada. However, infrequent
larvae and the low infection prevalence in ticks
carried by the birds raise questions as to how B.
burgdorferi and A. phagocytophilum become
endemic in any tick populations established by bird-
transported ticks (Ogden et al. 2008).

Persistent infection with Borrelia burgdorferi
sensu stricto in clinically healthy horses is likely
(Chang et al. 2000). The seroprevalence in horses in
some areas of the north-eastern USA is about 50%
(Magnarelli et al. 2000) compared to 31-48% in
France (Maurizi et al. 2010), 29% in Denmark
(Hansen et al. 2010), 26% in Poland (Stefancikova
et al. 2008), and 6% in Turkey (Bhide ez al.
2008).In the USA, only B. burgdorferi sensu stricto
as genospecies has been reported (Butler et al.
20035).

As viable Borrelia burgdorferi spirochaetes have
been found in the urine of clinically healthy horses
in an endemic region (Manion et al. 1998), the
question has been raised if nontick transmission of
Borrelia  burgdorferi may occur by direct
urine/mucosal contact comparable with a known
transmission mechanism of Leptospira spp. (Butler
et al. 2005).

Pathophysiology

Attachment to a receptor with an outer-coat protein
called OspA displayed on the luminal side of the gut
of ticks (like black-legged ticks I. scapularis or 1.
ricinus) allows B. burgdorferi to persist in the gut
and avoid elimination from the time they were
ingested by the tick. TROSPA is the name that has
been coined for the receptor as tick receptor for
OspA (Pal er al. 2004). The infection is usually
acquired from larvae or nymphs (155) feeding on
small to medium sized wild animals which happen
to be a B. burgdorferi reservoir. Adult ticks only
engorge successfully on larger animals like deer,
sheep, cows, and horses. B. burgdorferi sensu lato
DNA was most frequently detected in female ticks,
less frequently in nymphs and larvae, and least
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153 Micrograph of adult Ixodus ricinus tick (Ixodidae, hard
ticks). Note the darker brown scutum, a hard chitinous
rounded plate on the anterior dorsum, and four pairs of
jointed legs. The capitulum harbours a harpoon-like
hypostome, which secures the tick firmly in the host while
sucking blood. These ticks are vectors of Borrelia burgdorferi.
Ixodus ricinus. (Bar 500 um.)

154 Migratory birds also play a role as reservoir hosts in the
ecology of Lyme borreliosis. Tick (arrow) on juvenile Blyth's
Reed Warbler (Acrocephalus dumetorum). (Courtesy

Mr. B. Malmhagen.)

155 Schematic representation of the life cycle of
the three-host tick Ixodus ricinus. The larvae have
six legs, whereas nymphs and adults have 8 legs.
The hard dorsal shield covers the entire
abdomen in males, but only partly in females
and nymphs. The time span from egg to adult is
2-3 years on average (range 1-6 years). The
larvae, nymphs, and adults tend to feed on
animals of different sizes.
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frequently in adult male ticks (Wodecka 2003). Once
a tick attaches to a host and gets engorged,
spirochaetes that are present in the tick midgut
migrate through the midgut wall and haemocoel,
reach the salivary glands and are inoculated with the
tick saliva into the host 2-3 days after attachment
(Piesman et al. 1987). Sometimes inoculation occurs
earlier if spirochaetes are already present in the
salivary glands of the infected tick (Alekseev er al.
1995). Although it is generally accepted that an
infected tick must be attached for at least 24 hours
on the mammal for B. burgdorferi transmission to
occur (Thanassi & Schoen 2000), it has been
demonstrated that B. burgdorferi can be transmitted
to the host as early as 18 hours after attachment of
an infected tick (Alekseev et al. 1995). Co-infection
with other tick-borne pathogens like Anaplasma
phagocytophilum is possible (Persing 1997).

B. burgdorferi predominantly migrates within
connective tissue, which may protect the organism
from humoral antibodies (Divers et al. 2001).

Incubation period
Not established in the equine species yet.

Clinical presentation

Clinical signs in horses attributed to B. burgdorferi
include low-grade fever and lethargy (Burgess &
Mattison 1987b, Magnarelli et al. 1988), lameness
(Browning et al. 1993), arthritis (Burgess et al. 1986,
Hahn et al. 1996), muscle tenderness (Divers et al.
2003), anterior uveitis (Burgess et al. 1986, Hahn et
al. 1996), meningitis (James et al. 2010) encephalitis
(Burgess & Mattison 1987b), abortion (Sorensen ef
al. 1990), and foal mortality (Burgess et al. 1987a).
It should be realized that variation of the clinical
manifestation in horses might be unapparent co-
infection with other pathogens such as A.
phagocytophylum. In addition, similarly to in
humans, variation in clinical signs of B. burgdorferi-
infected horses might be due to infection with
different B. burgdorferi genospecies (Butler et al.
2005).

Differential diagnosis

The differential diagnosis is large not only due to the
great variety of clinical signs but also associated with
different B. burgdorferi genospecies and possible co-
infection.

Diagnosis

The diagnosis of borreliosis in horses as well as in
other species remains a challenge, as persistent
B. burgdorferi infections without any clinical
symptoms have also been documented in horses
(Chang et al. 2000). Preference might be given to
culture of B. burgdorferi from equine skin biopsies
(Chang et al. 2000), combined with a two-step
serology protocol (ELISA or IFAT supplemented by
protein immunoblotting like Western blot or reverse
line blot) (Trevejo et al. 1999, Magnarelli et al. 2000,
Butler et al. 2005). The inclusion of OspF and p41-
G antigens in ELISAs was most useful in the
serologic diagnosis of equine borreliosis (Magnarelli
et al. 1997). Of note, results of a PCR assay of CSF
for B. burgdorferi DNA were positive in a 12-year-
old Thoroughbred with meningitis (James et al.
2010).Ponies exposed to B. burgdorferi-infected
ticks developed detectable antibodies at 5-6 weeks
and the highest antibody levels were reached 3
months after exposure (Chang et al. 2000). An in-
clinic C6 ELISA SNAP kit generated a fair sensitivity
(63%) and very high specificity (100%) for horses
recently infected with B. burgdorferi, providing
equine practitioners with an inexpensive, one-step
serology method to confirm infection, although its
moderate sensitivity may result in a moderate chance
of a false-negative test (Johnson ez al. 2008).

Pathology
Lesions in ponies infected with B. burgdorferi sensu
stricto were restricted to the skin and reported as
perivascular and perineural lymphohistiocytic
aggregates in the superficial and deep dermis (Chang
et al. 2000).

Management/Treatment

Tetracycline (6.6 mg/kg BW IV bid for 3 weeks) has
been reported to be superior to orally administered
doxycycline or parenteral sodium ceftiofur in B.
burgdorferi-infected ponies (Divers et al. 2003).
Prevention is best achieved by avoiding tick-infested
areas, and by careful grooming of the horse to
remove ticks as soon as possible. Various insecticidal
sprays are used to prevent tick infestation, but most
are not approved for use on horses, and the efficacy
of such use is as yet unproven (Butler et al. 2005).
However, no adverse effects from the use of canine
tick sprays on horses have been reported to date
(Divers et al. 2001).
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Public health significance

Borreliosis is regarded as an important tick-borne
zoonosis, although the equine species is not seen as
a main reservoir for human infection. However, it
should be realized that viable B. burgdorferi
spirochaetes have been found in the urine of
clinically healthy horses (Manion et al. 1998). Lyme
borreliosis is the most common human tick-
transmitted disease in the northern hemisphere.

A complete presentation of the disease — in which a
skin lesion results from a tick bite and is followed by
heart and nervous system involvement, and later on
by arthritis — is an extremely unusual observation.
Late involvement of eye, nervous system, joints, and
skin can also occur. The only sign that enables a
reliable clinical diagnosis of Lyme borreliosis in
humans is erythema migrans (156) (Stanek et al.
2004).

156 Erythema migrans as a clinical manifestation of Lyme
disease in man.

m
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Leptospira interrogans: LEPTOSPIROSIS
Phylum BXVII Spirochaetes
Family III Leptospiraceae /Genus I Leptospira

Definition/Overview

Leptospirosis is a worldwide zoonosis caused by
pathogenic Leptospira species, for which humans are
accidental hosts. Although horses are regarded as
less susceptible to this pathogen, clinical symptoms
in the horse include respiratory distress, renal failure,
and uveitis, with the latter association already
suggested in 1947 (Rimpau 1947). Urine is the chief
source of infection, and apparently recovered
animals intermittently pass the pathogen via the
urine and are therefore regarded as carriers. The
conventional tests include direct microscopy, culture,
and - the most widely used reference standard
method — microscopic agglutination test (MAT)
(Ahmad et al. 2005).

Aetiology

Spirochaetes are a medically important and
ecologically significant group of motile bacteria with
a distinct morphology. Outermost is a membrane
sheath, and within this sheath is the protoplasmic
cell cylinder and subterminally attached periplasmic
flagella. For spirochaetes, translational motility
requires asymmetrical rotation of the two internally
located flagellar bundles. Many spirochaetes,
including Treponema, Borrelia, and Leptospira spp.,
are highly invasive pathogens (see 157-160).
Motility is likely to play a major role in the disease
process (Charon & Goldstein 2002).

Leptospires are closely related to borrelias and
are aquatic bacteria all classified into two species,
namely Leptospira interrogans containing over 200
different serotypes, and the nonpathogenic L.
biflexa. Horses are incidental hosts of several
leptospiral serovars. Only serovar bratislava is
thought to be maintained in horses (Ellis ez al.
1983).

Epidemiology
The infection is usually transmitted via urine from
reservoir hosts, e.g. small rodents such as mice and
rats. High or increasing MAT titres to serovar
bratislava have been found in foals and a closely
related strain (serovar lora) has been isolated from a
foal (van den Ingh et al. 1989). These observations,
together with the isolation of a bratislava strain from
the kidney of a healthy foal, indicate that horses can
be infected and become carriers at a young age
(Rocha et al. 2004). Leptospirae may persist for up
to 120 days in ovine urine (Blackmore et al. 1982).
Serological surveys demonstrate that leptospiral
infection is common in equine populations.
However, most leptospiral infections in horses are
subclinical (Donahue & Williams 2000). Confirmed
cases of leptospiral abortion were assessed in 3% of
fetuses from 5% of farms (Szeredi & Haake 2006).
In addition, a bacteriological survey of kidneys
from 145 abattoir horses in Portugal revealed the
identification of L. interrogans serovar bratislava
and L. kirschneri serovar tsaratsovo by restriction
endonuclease analysis. Serology (MAT) indicated
titres of 1:10 in 37% of horses. The highest
percentages of titres were observed to be the
australis (19%) and pomona (14%) serogroups
(Rocha er al. 2004). Seroprevalence in clinically
healthy racing horses in Korea was 25% with
serovar sejroe being the most prevalent (77%).
Seroprevalence was higher among ponies than
among Thoroughbreds (Jung et al. 2010).
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159 Proliferative coronitis associated with intralesional 160 Close-up micrograph of proliferative coronitis associated
spirochaetes (see also Nagamine et al. 2005). The epidermis is with intralesional spirochaetes (arrows) (see also Nagamine
thickened and hyperplastic with superficial erosions and et al. 2005). (Warthin-Starry silver stain. Bar 20 um.)

diffuse dermal mixed inflammatory infiltrates. (H&E stain. Bar
500 pum.)



N4

Bacterial diseases
Pathophysiology Incubation period
It has been hypothesized that the immune A febrile response of 2-3 days’ duration, with rectal

component of recurrent uveitis (161-163) can be
directly induced and maintained by persistent
infection of the eye with L. interrogans (Rimpau
1947). L. interrogans was isolated from the vitreous
humour of 52% of horses with recurrent uveitis but
was not isolated from the vitreous humour of control
horses. The duration of recurrent uveitis was 1 year
for 38% of the horses from which the organism was
isolated. Geometric mean antibody titres against L.
interrogans in the vitreous humour and serum of
horses with recurrent uveitis were 1:1,332 and
1:186, respectively. Only 76% of horses from which
the organism was isolated had a fourfold or greater
difference between serum and vitreous humour
antibody titres (Wollanke et al. 2001).

temperatures of 39.3-40.3°C, was detected as early
as 3 days and as late as 9 days after SC inoculation
with L. interrogans serovar pomona, associated with
alterations detected in 61% of the eyes at 133-146
weeks after inoculation (Williams et al. 1971).
Pyrexia (39.3-40°C) occurred as early as 1 day after
challenge with L. interrogans serovar kennewicki
after either topical ocular or intraperitoneal injection
(Yan ef al. 2010).

Clinical presentation

It should be realized that infection without clinical
signs is not uncommon in horses. Clinical symptoms
caused by leptospires in horses include recurrent
fever, depression, respiratory distress (164),
diarrhoea, renal failure (165, 166), (recurrent)
uveitis, haemoglobinuria, jaundice, stillbirth,
inflammation of the umbilical cord, and abortion

161 Equine recurrent uveitis is associated with persistent
infection of the eye with Leptospira interrogans.
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162, 163 Equine recurrent uveitis (periodic ophthalmia, moon blindness), typically a chronic lymphonodular uveitis. The iris

i
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stroma is markedly thickened by mainly lymphocytic aggregates which focally display nodule or follicle formation (arrow). Note
also the intensely pigmented interior iridal epithelial lining which is covered with a more mixed inflammatory membrane. This
particular case proved PCR positive for Leptospira sp. antigens. L. interrogans (pomona is the mostly implicated serovar). (H&E stain.

Bars 200/100 um, respectively.)

haemorrhages may result from damaged blood vessels due to
leptospiral cytotoxins. Leptospira interrogans.

166 Acute haemorrhagic glomerulitis and tubulointerstitial
nephritis. The glomerular uriniferous space of Bowman and
adjoining tubuli are filled with extravasated erythrocytes and
haemoglobin. Leptospiral haemolysins cause intravascular
haemolysis, resulting in haemoglobinaemia and
haemoglobinuria. Leptospira interrogans. (H&E stain.

Bar 100 um.)

165 Acute tubulointerstitial nephritis. Acute tubular necrosis is
characterized by the sloughed epithelium (top and bottom
right) within the tubular lumina. There are extensive
haemorrhages in glomeruli and interstitium. Leptospira
interrogans. (H&E stain. Bar 50 um.)
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mainly in the last trimester. The most common
serovar involved in equine abortion is pomona, but
occasionally other serovars (australis,
grippotyphosa, icterobhaemorrhagiae, sejroe) have
also been isolated from aborted equine fetuses (Ellis
et al. 1983, van den Ingh et al. 1989, Frazer 1999,
Bernard et al. 1993, Donahue & Williams 2000,
Wollanke et al. 2001, Sebastian et al. 2005, Torfs et
al. 2009, Whitwell et al. 2009). There was no
significant association between clinical signs and
disease and positive titres to serovar bratislava
(except for the association between respiratory
problems and fatigue and seropositivity). Overall,
the age of the horse should be taken into
consideration when evaluating the titre, as the
average older healthy horse has a higher titre than a
young horse (Baverud ef al. 2009).

Differential diagnosis

The differential diagnosis predominantly comprises
various causes for icterus and fever (see p. 262),
respiratory distress (see p. 262), and abortion (see p.

263).

Diagnosis

Though dark field microscopy is useful for the
diagnosis of leptospirosis it cannot be used as the
sole diagnostic tool. The drawbacks of it on clinical
specimens have been emphasized by stating that both
false-positive and false-negative diagnoses can easily
be made even in experienced hands. Though the use
of culture confirms diagnosis it is impractical as it is
expensive, complicated, technically demanding, time

consuming - requiring prolonged incubation
(minimum 1 month before declaring a sample
negative) — and may not be successful (low

sensitivity). Most cases of leptospirosis are diagnosed
by serology (e.g. MAT or ELISA). MAT antibody
titre after challenge with serovar kennewicki
remained relatively constant for 21 days (Yan et al.
2010). The role of MAT in diagnosis and
seroepidemiological studies is evident. However, the
lack of standardization of baseline titres influences
test validity and may result in overdiagnosis and
overestimation of disease burden (Ahmad et al.
200S5). In conclusion, leptospires can be detected in
blood and/or urine by culture (Williams et al. 1971,
Yan et al. 2010), regarded as the gold standard, or by
various staining methods (Ahmad et al. 20085,
Szeredi & Haake 2006). Leptospira can be isolated
from blood while isolation from urine can occur
after fever has subsided (Yan et al. 2010).

In addition, seroconversion (in foals as well as in
the dam) might assist in diagnosis although the
diagnosis of leptospirosis remains a challenge.
Immunohistochemistry (91% of equine tissue

samples) was more sensitive than silver staining
(38% of tissue samples), and more specific than
serology performed using the MAT. The primary
advantage of immunohistochemistry over silver
staining is the ability of immunohistochemistry to
identify leptospiral antigen not only as
morphologically intact spiral forms but it also
enabled 1) the specific demonstration of leptospires
together with light microscopic changes in tissue
sections; 2) leptospires could be demonstrated not
only as whole bacteria but also as intra- and
extracellular granules; and 3) the samples could be
easily evaluated on low magnification (100-200x)
because of the good contrast of the red-stained
leptospiral antigens over the blue background
staining. (Szeredi & Haake 2006). Furthermore, it
has been shown that a PCR assay based on the
amplification of the hap1 gene represents a useful
tool for specific detection of pathogenic leptospira
in field samples taken from horses (Leon et al.
2006).

Pathology

Macroscopic lesions include swelling, yellowish
discoloration and mottling of the liver, as well as
swelling, perirenal oedema, and/or white radiating
streaks in the renal cortex (resulting from tubular
necrosis with or without inflammatory infiltrates),
and cystic allantoic masses, oedema, areas of
necrosis of the chorion, and necrotic mucoid
exudates coating the chorion in the placenta
(Poonacha et al. 1993, Szeredi & Haake 2006).
Additionally, pinpoint greyish-white nodules in the
liver corresponding to acute necrosis have been
found (Szeredi & Haake 2006). Several microscopic
lesions have been reported in conjunction with
equine leptospiral abortion, including thrombosis,
vasculitis, mixed inflammatory cell infiltration, cystic
adenomatous hyperplasia, necrosis of the villi and
calcification of the placenta, hepatocellular
dissociation, mixed leucocytic infiltration of the
portal triads, giant cell hepatopathy, multiple
necrotic foci in the liver, suppurative and
nonsuppurative  nephritis,  dilated  tubules,
pulmonary haemorrhages, pneumonia, myocarditis,
and meningitis (Poonacha et al. 1993, Szeredi &
Haake 2006).
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Management/Treatment

Dihydrostreptomycin and tetracyclines are the
antibiotics of choice for the treatment of acute
diseased as well as of carrier animals. In addition,
enrofloxacin (IV at 7.5 mg/kg BW sid) results in
aqueous humour concentrations greater than the
reported MIC for L. interrogans serovar pomona
following disruption of the blood-aqueous humour
barrier (Divers et al. 2008). Vaccine (on days 0, 28,
180, and 365 in the left lateral cervical area
containing six serovars of leptospira) significantly
increased days to recurrence by 40 days, but failed to
slow the progression of equine recurrent uveitis.
These data do not support the use of vaccination
against leptospirosis as adjunct therapy for the
routine treatment (consisting of a combination of
anti-inflammatory agents and mydriatics to decrease
pain and inflammation, minimize chronic changes,

and prolong vision) of horses with equine recurrent
uveitis. In addition, two new therapies have been
promoted, namely 1) vitrectomy and replacement
with a saline solution containing gentamicin, and 2)
implantation of a sustained release cyclosporine
delivery device into the vitreous through sclerotomy
(Rohrbach et al. 2005).

Public health significance

Leptospirosis has important public health
significance and its zoonotic risk should be
minimized. Interestingly, patients diagnosed with
Fuchs uveitis or Behget’s syndrome produced
antibodies that cross-reacted with LruA and LruB,
suggesting similarities of the autoimmune responses
in those diseases with those of leptospiral uveitis
(Verma et al. 2008).

n7
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Bacteroidaceae and Fusobacteriaceae
Phylum BXX Bacteroidetes

Class I Bacteroidetes/Order I Bacteroidales/Family I
Bacteroidaceae/Genus I Bacteroides

Phylum BXXI Fusobacteria

Class I Fusobacteria/Order I Fusobacteriales/ Family
I Fusobacteriaceae/Genus 1 Fusobacterium: Gram-
negative anaerobic, straight, curved, and helical rods

Definition/Overview

These obligatory Gram-negative anaerobic bacteria
are associated with opportunistic infections like
diarrhoea, pneumonia, lung abscessation with or
without pleurisy, septicaemia, cholangiohepatitis and
cholelithiasis, ulcerative keratitis, and paraoral,
endodontical, and apical molar dental diseases.
Animals that fail to respond to penicillin may benefit
from treatment with metronidazole (Carlson &
O’Brien 1990, Bienert et al. 2003).

Aetiology
Gram-negative, anaerobic, nonsporulating rods
phenotypically resembling Fusobacterium

necrophorum were isolated from the normal oral
cavities and oral disease-associated cavities of horses.
However, a novel species, Fusobacterium equinum
sp. nov. is proposed, with strain VPB 4027T
(=NCTC 13176T = JCM 11174T) as the type strain,
as a distinct member of the genus Fusobacterium
(Dorsch et al. 2001).

Epidemiology

Bacteroides spp. (10% of bacteria cultured) fragilis,
tectum, and heparinolyticus (Bailey & Love 1991)
and Fusobacterium spp. (2%) were isolated from the
pharyngeal tonsillar surface of normal horses. Of the
bacteria isolated from horses with lower respiratory
tract or paraoral bacterial infections, obligate
anaerobes accounted for ca. 70% of isolates,
facultative anaerobes for ca. 30% of isolates, and
obligate aerobes for 0.7% of isolates. The Gram-
negative rods comprised B. fragilis (5%), B.
heparinolyticus (5%), asaccharolytic pigmented
bacteroides (3 %) and other bacteroides (13%), while
a so far unnamed species of Fusobacterium (7%),
and Gram-negative corroding rods (3%) were
isolated. Among the facultatively anaerobic isolates,
Streptococcus equi subsp. zooepidemicus accounted
for 31% of isolates, followed by Pasteurella spp.
(19%), Escherichia coli (17%), Actinomyces spp.
(9%), and Streptococcus spp. (9%) (Bailey & Love
1991).

Carbohydrate-induced laminitis in horses is
characterized by marked changes in the
composition of the hindgut microbiota, from a
predominantly Gram-negative population to one
dominated by Gram-positive bacteria. However,
bacteria such as lactobacilli, Bacteroides fragilis,
and Clostridium difficile did not establish
significant populations in the hindgut before the
onset of equine laminitis, in contrast to streptococci
of the Streptococcus bovis/equinus complex
(Milinovich et al. 2007).

Pathophysiology

The diversity of iron substrates utilized by
Porphyromonas gingivalis and the observation that
growth was not affected by the bacteriostatic effects
of host iron-withholding proteins, which it may
encounter in the periodontal pocket, may explain
why P. gingivalis is such a formidable pathogen in
the periodontal disease process (Bramanti & Holt
1991). The most likely source of bacteria involved
in lower respiratory tract and paraoral infections is
flora from the oral cavity (Bailey & Love 1991).

Incubation period
Not established in the equine species yet.

Clinical presentation

Clinical signs include diarrhoea (Myers et al. 1987),
pneumonia and lung abscessation with or without
pleurisy (Carlson & O’Brien 1990, Mair 1996,
Racklyeft & Love 2000), septicaemia, cutaneous
nodules (Carlson & O’Brien 1990),
cholangiohepatitis and cholelithiasis (Peek & Divers
2000), ulcerative keratitis (Ledbetter & Scarlett
2008), and paraoral, endodontical and apical molar
dental diseases (Bienert et al. 2003).

Obligate anaerobic bacteria were present within
the intralesional flora of ulcerative keratitis in 13%
of horses, the most frequent isolates being
Clostridium  spp., Peptostreptococcus  spp.,
Actinomyces spp., Fusobacterium spp., and
Bacteroides spp. (Ledbetter & Scarlett 2008).
Enterotoxigenic Bacteroides fragilis (ETBF) was
isolated from the faeces of 25% of Thoroughbred
foals in general up to 7 days old with naturally
acquired diarrhoea. Clinical or haematologic
differences were not evident between foals infected
with ETBF only and those infected with ETBF and
another recognized enteric pathogen. 10% of
ETBF-infected foals died (Myers et al. 1987).
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Diffuse pneumonia from which Streprococcus
equi subsp. zooepidemicus and B. melaninogenicus
were isolated was reported following treatment
with systemic corticosteroids for another disease
(Mair 1996). Obligately anaerobic bacteria (such as
anaerobic  cocci, B. tectum, Prevotella
heparinolytica and Fusobacterium spp.) and the
facultatively anaerobic species Escherichia coli,
were recovered more commonly from horses with
pneumonia, lung abscessation, and necrotic
pneumonia with or without pleurisy that died or
were euthanized than from those that survived
(Racklyeft & Love 2000).

In horses with molar dental disease in the upper
or lower jaw the most common bacteria isolated
were Prevotella spp. (80%) and Fusobacterium spp.
(75%) (Bienert et al. 2003).

Diagnosis

Diagnosis should depend on the detection of
obligatory anaerobic bacteria combined with
appropriate clinical signs. Multiple anaerobic
organisms, including Bacteroides spp. and
Fusobacterium spp., might be isolated from blood
and transtracheal aspirates (Carlson & O’Brien
1990) and liver biopsy material (Peek & Divers
2000).

Pathology
The outcome of pathological examination depends
on the localization of lesions (167).

Management/Treatment
The treatment of diseased horses is supportive.
Animals with anaerobic bacterial infections that fail
to respond to penicillin or from which penicillin-
resistant anaerobes are isolated may benefit from
treatment with metronidazole (Carlson & O’Brien
1990, Bienert et al. 2003). In addition, supportive
medical therapy with IV fluids was a critical part of
the therapy of several cases suffering from
cholangiohepatitis and cholelithiasis. Previous
therapeutic failures may well be related to treatment
periods of inadequate duration, and it has been
recommended that antimicrobial therapy should be
continued until gamma-glutamyl transferase (GGT)
values are normal (Peek & Divers 2000).
Presurgical antibacterial therapy is recommended
in horses with endodontical and apical molar dental
disease, to reduce the risk of intra- and/or
postsurgical bacteraemia and its serious
consequences (Bienert et al. 2003).

Public health significance
Not convincing yet.

167 Bacterial serofibrinous pericarditis in a foal. The incised
pericardium reveals an abundant serofibrinous exudate
composed of a yellowish fibrinous irregular villous-like plaque.
Gram-negative anaerobic bacteria were implicated.

n9
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BOTRYOMYCOSIS Pathology
Botryomycosis is defined histologically by the
Definition/Overview presence of eosinophilic material with embedded

Botryomycosis is an uncommon bacterial disease
characterized by the microscopic formation of
eosinophilic granules that resemble those of infection
by Actinomyces species (Bersoff-Matcha et al. 1998).

Aetiology

Botryomycosis is caused by common bacterial
pathogens including S. awureus, E. coli, Proteus
vulgaris, Streptococcus spp., and Pseudomonas
aeruginosa, yet the host and microbial factors that
contribute to the pathobiology remain unknown
(Bersoff-Matcha ef al. 1998).

Incubation period
Not established in the equine species yet.

Clinical presentation

Commonly seen following wound contamination of
limbs or scrotum. Lesions are usually firm and
poorly circumscribed, with ulceration and
yellowish/white granules associated with purulent
discharge.

Diagnosis

The diagnosis of botryomycosis can be made when
microscopic inspection and culture of the granules
reveal Gram-positive cocci or Gram-negative bacilli
(Bersoff-Matcha ef al. 1998).

densely packed microorganisms surrounded by
suppurative to pyogranulomatous inflammatory
infiltrates. This characteristic pattern is known as the

Splendore-Hoeppli  phenomenon  (168-173)
(Bersoff-Matcha et al. 1998).
Management/Treatment
Successful treatment often requires a combination of
both surgical debridement and long-term

antimicrobial therapy (Bersoff-Matcha ez al. 1998).

Public health significance

Although first discovered as a disease of horses
(Bollinger et al. 1870), there have been about 90
reported cases of human botryomycosis. Human
disease occurs in two broad categories: cutaneous
and visceral. Cutaneous botryomycosis is more
common than visceral disease, the latter having been
described mainly in patients with underlying diseases

(Bersoff-Matcha et al. 1998).
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proteinaceous deposits with embedded causative basophilic bacteria. Staphylococcus aureus. (H&E stain. Bars 200/100 um,
respectively.)

170, 171 Cutaneous botryomycosis. Close-up of the central proteinaceous mass displaying a typical irregular corrugated outline
composed of club-shaped proteinaceous deposits (Splendore-Hoeppli phenomenon) (arrows) closely surrounded by numerous
neutrophils and outer large macrophages which may include multinucleated giant cells. The embedded Gram-positive bacteria are
especially evident in 171. Staphylococcus aureus. (H&E Gram stain. Bar 50 um.)

172, 173 Cutaneous habronemiasis, a differential diagnosis of cutaneous botryomycosis. Granulomatous and eosinophilic
dermatitis. Poorly circumscribed granuloma present within the subcutis centred on a central dead nematode larva (arrow)
surrounded by macrophages and eosinophils. Often the central focus is mineralized without Splendore-Hoeppli phenomenon.
Fly intermediate hosts (Musca spp.) transmit the larvae. Habronema spp. or Draschia (Habronema) megastoma. (H&E, stain.

Bars 500/100 um, respectively.)
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EQUINE ADENOVIRUS

Family Adenoviridae
Genus Mastadenovirus: double-stranded DNA

Definition/Overview

Although equine adenovirus is widespread it usually
does not induce clinical signs except in
immunocompromised animals. Hence, equine
adenovirus is especially associated with pneumonia
in Arabian foals suffering from severe combined
immune deficiency (SCID).

Aetiology

Members of the family Adenoviridae are
nonenveloped, icosahedral viruses that replicate in
the nucleus. Their linear, double-stranded DNA
molecules are 26-45 Kbp in size and rank as
medium-sized among the DNA  viruses.
Adenoviruses fall into four recognized genera, plus
possibly a fifth, which have apparently evolved with
their vertebrate hosts, but have also engaged in a
number of interspecies transmission events. Two
genera (Mastadenovirus and  Aviadenovirus)
originate from mammals and birds, respectively, and
the other two genera (Atadenovirus and
Siadenovirus) have a broader range of hosts
(Davison et al. 2003). Equine adenovirus is a virus
with a diameter of 70-80 nm. In equine medicine
two antigenically distinct equine adenovirus strains
are distinguished, namely types 1 and 2 (Studdert &
Blackney 1982).

Epidemiology

Despite its worldwide distribution (Giles et al. 2010),
a matched case—control study nested within a
longitudinal study of respiratory disease failed to
demonstrate a significant association between

clinically apparent respiratory disease in young
racehorses and infection with equine adenovirus as
diagnosed by subsequent seroconversion (Newton et

al. 2003).

Pathophysiology

Adenovirus infection manifests in many ways, with
respiratory and gastrointestinal symptoms associated
with local production of several proinflammatory
cytokines predominating in man (Moro et al. 2009).
It is interesting to note that equine adenovirus was
less sensitive to recombinant equine interferon-
gamma in one study (Sentsui ez al. 2010).

Incubation period
Not established in the equine species yet.

Clinical presentation

Clinical signs include fever, anorexia, conjunctivitis,
rhinitis, and bronchopneumonia usually caused by
equine adenovirus 1 (Webb et al. 1981, Studdert &
Blackney 1982). Diarrhoea caused by equine
adenovirus 1 is sometimes seen. In addition, an
antigenically distinct equine adenovirus from the
faeces of two foals with diarrhoea was designated
equine adenovirus 2 (Studdert & Blackney 1982,
Corrier et al. 1982). In Arabian foals with primary
SCID, equine adenovirus 1 causes a progressive
bronchopneumonia and generalized infection that is
a major contributing cause of death in this syndrome
(McChesney et al. 1974). The syndrome is inherited
as a simple, recessive, autosomal gene (Thompson et
al. 1975). In addition, intestinal infection by
coronavirus (besides adenovirus infection) and
cryptosporidia was also identified in an Arabian foal
suffering from primary SCID (Mair et al. 1990).
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Differential diagnosis
The differential diagnosis includes various causes of

acute febrile upper airway disease and diarrhoea in
foals (see p. 262).

Diagnosis
The diagnosis should be based on the demonstration
of equine adenovirus in nasopharyngeal,

conjunctival or rectal swabs combined with the
presence of characteristic clinical signs and
seroconversion.

Pathology

At necropsy, cranioventral pulmonary consolidation
indicative of a broncho(interstitial)pneumonia is
evident. Histological evaluation reveals bronchiolar
epithelial necrosis with sloughing and typical
intranuclear basophilic viral inclusion bodies, which
may also be found in pneumocytes (174-176).
Alveolar septa are swollen with increased numbers
of septal and intra-alveolar macrophages and
neutrophils (177). The affected lung is soon infected
by secondary bacterial invaders.
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Management/Treatment

Treatment of diseased foals is supportive with special
reference to improvement of antibody status by
means of the administration of hyperimmune serum.
There is no effective vaccine available yet.

Public health significance
Zoonotic transmission cannot be excluded (Phan et
al. 2006).

174 Adenoviral bronchointerstitial pneumonia. Typical
prominent basophilic intranuclear adenoviral inclusion bodies
(arrows) are present within exfoliated bronchiolar epithelial
cells. Equine adenovirus. (H&E stain. Bar 20 um.)
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175, 176 Adenoviral bronchointerstitial pneumonia. Close-up of the typical prominent basophilic intranuclear adenoviral inclusion
bodies (arrows) present within exfoliated bronchiolar epithelial cells. Equine adenovirus. (H&E stain. Bars 20 um.)

are thickened, necrotic exfoliated alveolar and bronchiolar
epithelial cells are sloughed within the respiratory lumina
admixed with neutrophils. Equine adenovirus. (H&E stain.
Bar 200 um.)
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EQUINE HERPESVIRUS

Family Herpesviridae
Subfamily Alphaherpesvirinae/Genus
Varicellovirus: double-stranded DNA

Definition/Overview

An acute febrile upper airway disease is caused by
equine herpesvirus (EHV). EHV-1 is a highly
prevalent equine respiratory pathogen that can cause
abortion during the third trimester of pregnancy and
neonatal foal death as well as neurological disease
(Perkins et al. 2008). In cases of EHV-1 abortion,
mares usually show no other clinical signs. Clinicians
should presume that the majority of horses are
latently infected with EHV-1 (Lunn et al. 2009).
There is no evidence that current vaccines can prevent
naturally occurring cases of equine herpes
myeloencephalopathy (van Maanen 2002, Lunn et al.
2009). Quarantine of EHV-1-infected horses should
be up to 3 weeks post infection to ensure that animals
are no longer shedding the agent (Perkins et al. 2008).

Aetiology

Herpesviridae is a large family of DNA viruses that is
subdivided into three subfamilies (o, B, and y). Eight
herpesviruses have been identified in equids: five in
the Alphaherpesvirinae subfamily and three in the
Gammabherpesvirinae subfamily. Of those eight
viruses, five naturally infect the domestic horse and
three infect the donkey (Patel & Heldens 2005).
EHV-1 and EHV-4 are members of the family
Herpesviridae, subfamily Alphaherpesvirinae, genus
Varicellovirus, and are characterized by a double-
stranded DNA genome. EHV-1 strains are associated
with respiratory disease, abortion, and paresis/
paralysis, whereas EHV-4 strains are predominantly
associated with respiratory disease. Up to 4% of
EHV-induced abortions were caused by EHV-4. It has
been stated that at least some EHV-4 strains appear
to be able to induce viraemia with potentially the
same sequelae as EHV-1. On the other hand, genetic
variation in EHV-1 and EHV-4 isolates is limited (van
Maanen et al. 2000) although of the viral factors
determining clinical signs specifically, the occurrence
of the DNA_ | SNP seems to be of importance (Lunn
et al. 2009) It has been proposed that EHV-1 viruses
carrying the D, variant of DNA__ have a higher risk
of causing neurological disease than those with the
N, marker. However, it is also clear that N_,
isolates can cause neurological disease. On the other
hand, in naturally occurring abortions, the
association with the N, strain variant is very strong
(Nugent et al. 2006, Goodman et al. 2007, Lunn ef
al. 2009) with co-infection with both strains being a
common observation (Lunn et al. 2009). Equine
multinodular pulmonary fibrosis has been associated

with EHV-5 infection (Williams et al. 2007), whereas
EHV-2 infection has been associated with
keratoconjunctivitis (178) (Borchers ez al. 1998).

Epidemiology

The majority of horses show serological evidence of
exposure to these viruses and as a consequence the
seroprevalence of EHV-1/4 is very high. Of interest,
both EHV-2 and EHV-5 are common in horses in
Iceland (Thorsteinsdottir et al. 2010). However,
most serological tests cannot differentiate between
EHV-1 and EHV-4 antibodies due to the extensive
antigenic cross-reactivity. When using a type-specific
serological assay in random samples of Thorough-
breds before 1977 all horses were positive for
EHV-4, whereas only 9% were positive for EHV-1
(Crabb & Studdert 1993). In another report, the
seroprevalence of EHV-1 was 30%, whereas the
seroprevalence of EHV-4-specific antibodies was still
100% (Crabb et al. 1995). Information about
persistence of type-specific antibodies after primary
or repetitive respiratory infections is poor (van
Maanen 2002). It has been suggested that EHV-1 has
phylogenetically been derived from a donkey virus,
and that donkeys may remain an alternative host for
EHV-1 and as a consequence may serve as a reservoir
to infect horses (Browning et al. 1988, Crabb &
Studdert 1995). As all a-herpesviruses, EHV-1 and
EHV-4 appear to establish lifelong latent infections.
Latency has been demonstrated for both viruses in
lymphoid tissues and peripheral leucocytes (Welch et
al. 1992, Carvalho et al. 2000) as well as in
trigeminal ganglia (Slater et al. 1994, Borchers et al.

178 EHV-2 infection has been associated with
keratoconjunctivitis (Borchers et al. 1998).
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1999). Reactivation and shedding of both EHV-1
and EHV-4 creates the opportunity for transmission
to other horses, which is considered important in the
epidemiology and might explain why these diseases
occur in closed populations (Welch et al. 1992).
Previous studies have reported latency rates of 47%
in the USA (Holmes et al. 2006), and 80-88% in the
UK and Australia (Edington ez al. 1994, Gilkerson
et al. 1999). Furthermore, serological studies have
demonstrated that EHV-1 infection is maintained in
the population as a subclinical infection of foals and
young horses (Gilkerson et al. 1997).

Pathophysiology

EHV-1 can enter disparate cell types by at least two
distinct mechanisms (endocytic/phagocytic or direct
fusion) and productive infection is dependent upon
activation of the serine/threonine Rho kinase
ROCKT1 (Frampton et al. 2007). Endotheliotropism
seems to be associated with abortigenic and
neurogenic potential, but until now no genetic
markers have been elucidated accounting for
differences in endotheliotropism (van Maanen
2002). Even the propensity of certain EHV-1 isolates
to induce myeloencephalitis does not reflect specific
neurotropism but rather a marked endothelio-
tropism (Jackson et al. 1977). EHV-1 is transported
by circulating peripheral blood mononuclear cells to
the CNS vasculature, causing endothelial cell
infection, and cell-to-cell spread of EHV-1 infection
from leucocytes to brain endothelial cells has been
shown in vitro (Goehring et al. 2011). On the other
hand, a specific mutation in the amino acid sequence
of the EHV-1 polymerase gene was linked in 85% of
cases to an increased likelihood of the virus isolate
coming from a case of neurological disease (Nugent
et al. 2006). However, foals infected with a
neuropathogenic strain of EHV-1 had an enhanced
magnitude and duration of leucocyte-associated
viraemia compared to foals infected with non-
neuropathogenic, or abortigenic, strains of EHV-1
(Allen & Breathnach 2006).

Incubation period

The incubation period is highly variable, with
references to abortion ranging from 9 days to
4 months (Allen et al. 1998), whereas the incubation
period of encephalomyelitis is 6-10 days (Dinter &
Klingeborn 1976, Thein 1981). The viraemia can
persist for at least 14 days (Lunn et al. 2009).

Clinical presentation

For both viruses, mild or subclinical infections are
common. Acute respiratory disease is predominantly
caused by EHV-4 and is seen mainly in foals,
weanlings, and yearlings after primary infection.

Symptoms include fever, anorexia, enlargement of
lymph nodes, and serous nasal discharge. With EHV-
1, about 95% of abortions occur in the last 4 months
of pregnancy (Allen er al. 1998). Infection of
pregnant mares often passes unnoticed with
sometimes anorexia and oedema of the lower limbs
(van Maanen 2002). Mares infected in late gestation
may deliver a living foal often with signs of weakness,
jaundice, and respiratory distress. These foals usually
die within a few days (Murray et al. 1998). The
clinical signs in the neurological form vary from mild
ataxia to tetraparalysis, often including paralysis of
the tail and urinary bladder with incontinence and
sometimes perineal hypalgia or anaesthesia (Allen et
al. 1998, van Maanen 2002). Typically some 10% of
infected horses develop neurological signs during
equine herpes myeloencephalopathy, with older
horses being more susceptible (Goehring ef al. 2006).
The prognosis for complete recovery from equine
herpes myeloencephalopathy for recumbent horses is
poor (van Maanen 2002).

Differential diagnosis

The differential diagnosis predominantly includes
various causes of abortion and fever (see p. 263).
With reference to clinical signs and the multifocal
hepatic coagulative necrosis in neonatal foals,
Clostridium  piliforme infection is the most
important differential diagnosis at necropsy.

Diagnosis

Virus culture and isolation is considered the gold
standard test for making a laboratory diagnosis of
EHV-1 and should be attempted especially during
epidemics of equine herpes myeloencephalopathy,
concurrently with rapid diagnostic testing (PCR), in
order to be able to biologically and molecularly
characterize the virus isolate retrospectively
(van Maanen 2002, Slater 2007, Lunn et al. 2009)
and/or identify seroconversion. Nasal rather than
nasopharyngeal swabs should be taken, preferably in
the early febrile phase of the disease, and transported
as soon as possible in sterile, cold transport medium
to the laboratory (van Maanen 2002, Pusterla ez al.
2008). For nasal swabs, PCR appears to be more
sensitive than virus isolation (van Maanen et al. 2001)
and some laboratories prefer ethylenedia-
minetetraacetic acid (EDTA) as an anticoagulant, as
heparin may interfere with PCR reactions (Lunn ef al.
2009). In cases of abortion, the fetus is the specimen of
choice for diagnosis and EHV-1/4 infection can be
demonstrated directly by immunofluorescence test
(IFT) or via virus isolation and PCR (Mackie et al.
1996, Allen et al. 1998, van Maanen 2002). Isolation
from CSF is rarely successful and swab samples should
preferably be taken from febrile in-contact horses in
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cases with the neurological form (Wilson 1997). For
isolation of virus from buffy coat, several passages are
often required, which makes diagnosis rather laborious
and time consuming (van Maanen 2002). Real-time
quantitative PCR (qPCR) detected virus up to day 21
after challenge, whereas virus isolation detected virus
only to day 5 in one study. It has been suggested that
fast (35 min) qPCR of nasal swab samples should be
chosen for diagnosis and monitoring of herpesvirus-
induced disease in horses (Perkins et al. 2008). A
method for the differentiation of neuropathogenic and
non-neuropathogenic strains of equine herpesvirus-1

has been described based on the primer-probe energy
transfer (PriProET) technique (Malik ez al. 2010).

Pathology

Vasculitis (179) and thrombosis of small blood
vessels in the spinal cord and/or brain are consistent
histopathological changes associated with equine
herpes myeloencephalopathy (180-182) (Lunn et al.
2009). Multifocal hepatic coagulative necrosis in
neonatal foals (183-187) is regarded as
pathognomonic for EHV-1 abortion.

179 Herpesviral cerebral lymphohistiocytic vasculitis. A small
cerebral arteriole shows swollen endothelial cells (arrow) and a
cell-poor perivascular cuffing by lymphocytes and histiocytes
expanding the Virchow-Robbins space (arrowhead). Equine
herpesvirus-1. (H&E stain. Bar 50 um.)

180, 181 Collection of
cerebrospinal fluid (180)
revealing xanthochromia (181
left tube) is usually supportive
of equine herpes
myeloencephalopathy as well
as increased protein
concentration. However, equine
herpesvirus isolation itself from
cerebrospinal fluid is rarely
successful.

182 Herpesviral myelomalacia. The affected spinal cord
contains numerous variably-sized swollen eosinophilic axons
(spheroids) within distended myelin sheaths (arrows). The
neuropil is furthermore characterized by necrosis, proliferation
of microglial cells (microgliosis), and haemorrhages (middle
right). No diagnostic inclusion bodies were encountered. PCR
analyses proved positive for equine herpesvirus-4 in this
particular case. (H&E stain. Bar 200 um.)
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183, 184 Herpesviral multifocal miliary hepatic necrosis. Scattered small pale foci of necrosis and inflammation (arrows) in an
aborted foal. Equine herpesvirus-1.

B I e e 1 R TR T, W T e e o) i,
185, 186 Herpesviral acute focal necrosuppurative hepatitis. 185: A pale eosinophilic focus of hepatocellular lytic necrosis (arrows)
with adjacent infiltrated neutrophils (H&E stain.); 186: micrograph of the same focus stained immunohistochemically for equine
herpesvirus-1. The virus-infected cells and debris reveal a strongly positive brown granular staining. (Immunoperoxidase stain for
EHV-1.Bars 100 um.)

187 Herpesviral acute focal necrotizing hepatitis. At the border
of necrotic hepatocytes (top right corner) and viable
hepatocytes there is a hepatocytic intranuclear eosinophilic
viral inclusion body (arrow) consistent with a herpesviral
infection. Equine herpesvirus-1. (H&E stain. Bar 20 um.)
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Similar multifocal parenchymal necrosis with
intraepithelial viral inclusion bodies may be present
in the lungs (bronchointerstitial pneumonia) (188-
192) and kidneys (193). In addition, there may be

188

lymphocyte loss (lymphocytolysis) affecting the
thymus, resulting in gross shrinkage (that may be
obscured by oedema) and in a histological cellular
paucity. Viral inclusion bodies may be present within

188, 189 Extensive tracheal oedema. Cross-section (188) and longitudinal section (189) of the trachea of a foal show a severely
compromised luminal diameter and subsequent air flow by a gelatinous expansion of the dorsal tracheal lamina propria. Equine

herpesvirus-1.
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191, 192 Herpesviral multifocal pulmonary necrosis. 191: Multiple coalescing foci of alveolar necrosis. The necrotic tissues are

190 Herpesviral multifocal pulmonary necrosis. Both pleural
and cut surface of lung parenchyma of a foal show multiple
small pale foci of necrosis and inflammation. Note the
intrabronchial fibrin casts (arrow). Equine herpesvirus-1.
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comprised of eosinophilic cellular debris with irregular condensed basophilic nuclear remnants (karyopycnosis and karyorrhexis
indicated by arrow). Equine herpesvirus-1 (H&E stain.); 192: micrograph of the same location stained immunohistochemically for
equine herpesvirus-1. The virus-infected cells and debris reveal a strongly positive brown granular staining.

(Immunoperoxidase stain for EHV-1. Bars 50 um.)
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thymic reticular epithelia (194). A multifocal
necrotizing vasculitis may be present in other organs
as well. Occasionally, in adult horses a multifocal
haemorrhagic ulcerative necrotizing enterocolitis due

the kidney cortex indicated by pale eosinophilia and fading
of cellular detail with, in the centre, a glomerular remnant
(arrow) and a surrounding zone of haemorrhage. Equine
herpesvirus-1. (H&E stain. Bar 200 um.)

197 Herpesviral necrotizing bronchiolitis. Virus-infected
epithelial cells are degenerated and sloughed into the
bronchiolar lumen. Several of them contain spherical
eosinophilic intranuclear herpesviral inclusion bodies (arrows)
displacing the basophilic chromatin against the nuclear
margins (chromatin margination). Note also the presence

of eosinophilic intraluminal keratin squames originating

from aspirated amniotic fluid (top right corner). Equine
herpesvirus-1. (H&E stain. Bar 20 um.)

to EHV-1 infection is reported (195, 196). A
consistent finding in aborted fetuses is pulmonary
oedema with occasional fibrin casts in the bronchial
lumina (190, 197) (Jubb ez al 2007).

194 Herpesviral necrotizing thymusitis. Sporadic thymic
reticular epithelial cells contain an eosinophilic intranuclear
herpesviral inclusion body (arrow). Furthermore, this thymus
was characterized by extensive necrosis of lymphocytes and
subsequent lymphodepletion (not depicted in this
micrograph). Equine herpesvirus-1. (H&E stain. Bar 20 um.)
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Gross lesions seen in equine multinodular
pulmonary fibrosis consisted of multiple nodules of
fibrosis throughout the lungs. Histologically, there
was marked interstitial fibrosis, often with
preservation of an ‘alveolar-like’ architecture, lined
by cuboidal epithelial cells with the airways
containing primarily neutrophils and macrophages.
Rare macrophages contain large eosinophilic
intranuclear viral inclusion bodies (Williams et al.
2007). A total of 63% trigeminal ganglia were
PCR-positive for the gB gene of EHV-1 and 30%
harboured either latent non-neurotropic or
neurotropic EHV-1 strains (Pusterla ez al. 2010).

Management/Treatment

The three key principles for control of spread of
EHV-1 are to: 1) subdivide horses into small,
epidemiologically isolated closed groups, 2) mini-
mize risks of exogenous and endogenous
(stress-induced viral reactivation) introduction of
EHV-1, and 3) maximize herd immunity through
vaccination (Lunn et al. 2009, Goehring et al.
2010a).

Treatment of diseased horses is supportive. To
prevent secondary bacterial infections prophylactic
antibiotics can be administered and high fever can
be treated palliatively with antipyretics with
reference to respiratory disease. In cases of
neurological disease patients may need rectum
evacuation and bladder catheterization with
appropriate measures to prevent cystitis and
decubitation. EHV abortion is usually associated
with complete expulsion of both fetus and placenta.
As a consequence, no therapy is required regarding
retentio secundarium (van Maanen 2002).

Oral administration of the antiviral drug
valacyclovir to ponies 1 hour before EHV
inoculation induced similar clinical signs, viral
shedding, and viraemia in treated and control
ponies (Croubels 2009). Both an attenuated EHV-1
(Jesset et al. 1998) and an inactivated carbomer-
adjuvanted EHV-1/4 vaccine (van Maanen 2001)
reduced respiratory disease, although the antibody
response was low (Holmes et al. 2006). In addition,
the inactivated carbomer-adjuvanted EHV-1/4
vaccine did provide effective protection against
abortion, in spite of failing to reduce frequency or
duration of viraemia (Flore et al. 1998, Heldens et
al. 2001). Protection by vaccines against EHV
neurological disease has never been demonstrated
(van Maanen 2002, Lunn et al. 2009). However,
vaccinations administered at intervals of 27 and 70
days followed by challenge infection 24 days later
significantly reduced clinical disease after challenge
with greater reduction in the MLV vaccine group
(Goehring et al. 20100b).

Quarantine of EHV-1 infected horses should be
up to 3 weeks post infection to ensure that animals
are no longer shedding the agent (Perkins ez al.
2008) and serial testing with PCR may be a useful
adjunct to determine when the risk of transmission
has been minimized (Goehring ef al. 2010a).

Public health significance
Not convincing yet.
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SUID HERPESVIRUS 1

Family Herpesviridae
Subfamily Alphaherpesvirinae/Genus
Varicellovirus: double-stranded DNA

Definition/Overview

Suid herpesvirus 1, also known as Aujeszky’s disease
virus (ADV) or pseudorabies virus (PRV) can cause
a very rare, fatal, acute neurological disease in horses
with signs including excessive sweating, muscle
tremors, and periods of mania (Kimman ez al. 1991).

Aetiology

Suid herpesvirus 1 is a member of the family
Herpesviridae of swine, a member of the
Alphaherpesvirinae subfamily, and the aetiological
agent of Aujeszky’s disease, characterized by a
double-stranded DNA genome.

Epidemiology
The role of porcine animals in equine Aujeszky’s
disease remains unclear.

Incubation period
This is 4-7 days as assessed following experimental
inoculation into the conjunctiva and nostrils of

ponies (van den Ingh et al. 1990, Kimman et al.
1991).

Clinical presentation
A case in point is that of a 3-year-old gelding
admitted because of abnormal behaviour and lack of
coordination. Four days earlier, the horse had a high
fever that lasted for 2 days, at which point signs of
nervousness and blindness appeared. On admission,
the horse had muscle tremors and a spastic gait; it
stumbled and fell down and had unpredictable fits
of mania when struggling to its feet again. Periods of
mania alternated with exhaustion, disorientation,
and depression, during which the horse was
unresponsive to stimuli. Intermittent nystagmus was
observed. The pupils of the eyes were dilated. The
rectal temperature (37.8°C) was normal and
remained so during the following days. Although
nonporcine animals susceptible to spontaneous
Aujeszky’s disease usually die within 48 hours after
appearance of the first clinical signs, the horse was
sick for 7 days (van den Ingh ef al. 1990).

In comparison, two ponies developed fever
7 days after inoculation and subsequently started to
behave abnormally, showing severe neurological
signs on the ninth day after inoculation. One pony
became excited and the other was depressed. One
pony died on the ninth day after inoculation and the
other was euthanized on the tenth day (Kimman et
al. 1991).

Differential diagnosis
The differential diagnosis predominantly includes

various causes of acute neurological disease
(see p. 262).

Diagnosis

The diagnosis can be established by immuno-
histochemistry, DNA-in situ hybridization and
serology by means of a virus neutralization test, in a
blocking ELISA against the glycoprotein I, in an
indirect double sandwich ELISA, and with colloidal
gold immunoelectron microscopy (van den Ingh et
al. 1990). Neutralizing antibodies directed against
ADV were detected in the sera of two ponies from
day 7 post inoculation on. Serum titres peaked at
days 14 and 16 (logl0 titres 1.95 and 2.65).
However, sera were negative in the gl-ELISA (van
den Ingh ez al. 1990).

Pathology

Post-mortem findings indicated a nonsuppurative
meningoencephalitis especially in the grey matter,
with neuronal degeneration and gliosis. ADV antigen
and ADV DNA were detected in neurons of the
cerebrum (van den Ingh ez al. 1990). CSF analysis
revealed 0.62 G/ WBC (normal <0.005 G/l),
consisting of 55% neutrophils and 45%

mononuclear cells, indicating severe meningitis (van
den Ingh ez al. 1990).

Management/Treatment
Not appropriate given the fatal outcome.

Public health significance
Not convincing yet.
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BOVINE and EQUINE PAPILLOMAVIRUS

Family Papovaviridae
Genus Epsilonpapillomavirus: double-stranded DNA

Definition/Overview

In addition to causing warts in cattle, bovine
papillomaviruses 1 and 2 (BPV-1 and BPV-2) are
both involved in neoplastic lesions, namely equine
sarcoid tumours and urinary bladder tumours in
cattle, respectively (Yuan et al. 2007). However, the
early viral proteins are expressed, but virion is not
produced in the equine species (Yuan et al. 2007).
Equine sarcoids are benign fibroblastic neoplasms
which might grow progressively.

Aetiology

BPVs infect cattle and cause papillomas of cutaneous
or mucosal epithelium. To date, six types of BPVs
have been characterized and classified into three
genera. BPV-1 and -2 belong to the genus Delta-
papillomavirus (de Villiers et al. 2004). Although
papillomaviruses are strictly species specific, BPV-1
DNA, and less commonly BPV-2 DNA, is frequently
found in fibroblastic skin tumours of equids termed
sarcoids, and is believed to be the causative factor of
this type of tumour (Lancaster et al. 1979). Rolling
circle amplification demonstrated that BPV-1
genome exists as a double-stranded, episomal,
circular form, whereas BPV-1 ES open reading frame
showed sequence variation in equine sarcoids (Yuan
et al. 2007). Furthermore, BPV-1 and -2 DNA were
present in sarcoid-affected Cape mountain zebras
(Equus zebra zebra) (van Dyk et al. 2009).

Besides equine sarcoid, at least three conditions
supposedly induced by papillomavirus have been
described in horses, namely classical equine
papillomas, genital papillomas, and aural plaques.
Novel equine papillomaviruses (EcPVs) in the two
latter disorders were detected and designated as
EcPV-2 and EcPV-3. As the three EcPVs share less
than 60% of nucleotide identities in L1, they may
be regarded as belonging to different genera (Lange
et al. 2011).

Epidemiology

Equine sarcoid is more prevalent in young horses
without a gender or breed predilection. Latent EcPV-
2 infections have been shown in normal genital
(including cervical) and ocular equine mucosa
(Vanderstraeten et al. 2011).

Pathophysiology

The molecular events leading to equine sarcoids are
poorly understood. It is not known how horses
become infected by BPV, primarily BPV-1, and
equine sarcoid is the only documented natural

infection of a heterologous host by a papillomavirus.
Infection of horses is believed to be abortive, with
BPV DNA establishing itself as a multicopy plasmid
and viral genes, including ES, are expressed (Carr et
al. 2001). The sarcoid appears to be a tumour due
not to cell hyperproliferation but to lack of
apoptosis, as the markers of cell proliferation (such
as cyclins and their respective kinases) are not
different from normal skin, whereas the tumour
suppressor and promotor of apoptosis pS53 is
nonfunctional in sarcoids (Nixon et al. 2005). It has
been  hypothesized that peripheral blood
mononuclear cells may serve as host cells for BPV-
1/-2 DNA and contribute to virus latency (Brandt e¢
al. 2008).

Mitochondrial changes seem to be dynamically
linked to the healing process and, additionally, may
reflect prognosis (Hallamaa 2008). The proposed
pathway of BPV infection in the horse comprises a
first step of keratinocyte infection, followed by
migration of viral material towards the dermis,
resulting in infection of subepidermal fibroblasts
and their fully transformed phenotype. Co-
existence of a dermal BPV-1 and an epidermal BPV-
2 infection in the same lesion has been shown,
indicating that horses can harbour infection with
more than one BPV type at the same time (Bogaert
et al. 2010).

Incubation period
Not established in the equine species yet.

Clinical presentation

Based on clinical appearance four different types of
equine sarcoid are distinguished, namely the
fibroblastic type (198-200), the verrucose type (201,
202), the mixed type, and the occult type. The
fibroblastic type might be preceded by either the
verrucose or the occult type, especially following
repeated trauma. The clinical behaviour of an equine
sarcoid could not be explained on the basis of
differences in BPV activity (Bogaert et al. 2007),
although there was a highly significant correlation
between intralesional viral load and disease severity
(Haralambus et al. 2010). The most important
sequela of equine sarcoids is their recurrence.
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198, 199 Sarcoid (fibroblastic type) in a 16-year-old Warmblood gelding before (198) and after (199) intralesional administration
of BCG.

s

200 This fibroblastic type of sarcoid in a donkey is ulcerated 201 Equine sarcoid. Formalin-fixed specimen of a localized

with a serohaemorrhagic exudate. Bovine papillomavirus 1 firm, pale, alopecic, irregular, exophytic, verrucose neoplastic
and 2. nodule of haired skin. They are the most frequently diagnosed

skin tumours in equines and are commonly found on the face,
legs, and trunk, and are associated with sites of skin trauma
and bovine papillomavirus infections. Bovine papillomavirus-1
and -2.

202 Sarcoid (verrucose type) in an 8-year-old Quarter Horse
mare.
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Differential diagnosis

Equine sarcoids should be differentiated from
dermatophytosis, papillomatosis (203), chronic
dermatitis, and various neoplasms as well as from
equine sarcoidosis. Equine sarcoidosis is a rare
disorder characterized by granulomatous chronic
inflammation of various organs, predominantly skin
(204, 205). The disorder resembles human sarcoidosis
although the disease in man is predominantly
characterized by lung involvement. In comparison,
Whipple’s disease is a rare multisystem disorder,
caused by infection with the bacterium Tropheryma
whipplei in humans. Whipple’s disease should always
be considered in the differential diagnosis of human
sarcoidosis, particularly when apparent sarcoidosis
does not respond to treatment (Dzirlo et al. 2007).
Diagnostic tests regarding Whipple’s disease include
staining with periodic acid-Schiff (PAS), electron
microscopy, immunohistochemistry, and PCR, which
detects species-specific bacterial ribosomal RNA
(Relman et al. 1992, Marth & Raoult 2003). In the
equine species the pathology of T. whipplei has not
yet been confirmed.

Diagnosis
A definitive diagnosis of equine sarcoids is based on
histopathological examination of biopsies.

Pathology

Sarcoids are locally invasive dermal fibroblastic
tumours caused by BPVs. Histologically interwoven
neoplastic spindle cells with abundant amounts of
intercellular collagenous matrix material distort the
dermal histological architecture by compression
atrophy of epidermal adnexa such as hair follicles
and glands. Typically neoplastic cells show an
interaction with the overlying hyperplastic epidermis
forming long thin rete pegs and perpendicular
alignment to the basement membrane. Sarcoids are
usually poorly circumscribed and gradually invade
locally, generally without distant metastasis. The
overlying epidermis may be hyperkeratotic, elevated,
and ulcerated with subsequent exudative
inflammation (206-210). EcPV-2 DNA was present
in equine genital squamous cell carcinoma as well as
in other genital lesions and in ocular squamous cell
carcinomas (Vanderstraeten et al. 2011).

i = -

203 Equine papillomatosis. A rare basophilic intranuclear viral
inclusion body (arrow) within a keratinocyte of a penile
papilloma. Note the hypergranulosis within the adjoining
keratinocytes’ cytoplasm and the overlying intense
eosinophilic hyperkeratosis. (H&E stain. Bar 20 um.)

204, 205 The differential diagnosis of equine sarcoids includes
multiple firm dermal and subcutaneous nodules in the neck
and pectoral region, as seen in generalized sarcoidosis in this
10-year-old Warmblood gelding.
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206 Equine sarcoid. Spindle cell skin tumour in which a
hypercellular dermal proliferation of neoplastic fibroblasts and
an irregular hyperplastic and hyperkeratotic overlying epidermis
are present. Typically long, thin, epidermal rete pegs formation
is seen (arrows). Bovine papillomavirus-1 and -2. (H&E stain. Bar
200 um.)

207, 208 Equine sarcoid. The expanding hypercellular neoplastic
mass induces compression atrophy of the adnexa, remnants of a
sebaceous gland (207) and hair follicle (208); 208: close-up
micrograph is a long rete peg comprised of a compressed
atrophic hair follicle and tumour cells positioned perpendicular to
the basement membrane (arrows); this distinctive growth pattern
in sarcoids is known as ‘picket fencing’. Bovine papillomavirus-1
and -2. (H&E stain. Bar 200 um.)
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209, 210 Equine sarcoid. Close-up micrograph of the interwoven whirling neoplastic spindle cells, with abundant intercellular

collagenous matrix, which show a characteristic interaction with the overlying epidermis, developing small thin weedy rete pegs.
Note the extensive eosinophilic superficial orthokeratotic hyperkeratosis. Bovine papillomavirus-1 and -2. (H&E stain. Bars 100 um.)
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Management/Treatment
Treatment options largely depend on sarcoid type
and localization and include surgical excision,
cryotherapy, intralesional administration of bacillus
Calmette-Guérin (BCG), and the use of radioactive
implants. Of interest, small interfering RNA
treatment of sarcoids might be feasible clinically in
future (Gobeil et al. 2009).

The occurrence of active granulomata has been
reported as a side-effect following intralesional
administration of BCG (van den Boom et al. 2008).

Public health significance
Not convincing yet regarding equine sarcoids. In
addition, EcPV-2 is not related to high-risk human
papillomaviruses  causing  cervical  cancer
(Vanderstraeten et al. 2011).

HORSEPOX VIRUS

Family Poxviridae
Subfamily Chordopoxvirinae/Genus Orthopoxvirus:
linear double-stranded DNA

Definition/Overview

A slow, mild, self-limiting progressive skin disease is
caused by horsepox virus. Horsepox is differentiated
clinically from two other poxviral diseases of horses,
equine molluscum contagiosum and Uasin Gishu
disease. Other orthopoxviruses (OPVs), as being
similar to vaccinia virus (VACV), are zoonotic and
significant for human health, including monkeypox
virus (MPXV) and cowpox virus (CPXV) (Tulman
et al. 2006).

Aetiology

The genus Orthopoxvirus includes members of the
family Poxviridae, including human variola virus,
the aetiological agent of smallpox, and vaccinia
virus. Phylogenetic analysis of the conserved region
has indicated that horsepox virus is closely related
to sequenced isolates of vaccinia virus and rabbitpox
virus, clearly grouping together these vaccinia virus-
like viruses (Tulman et al. 2006).

Epidemiology

Although common before the 20t century, horsepox
is rare today to the point of being considered extinct
(Tulman et al. 2006).

Pathophysiology

Post translational polypeptide tagging by
conjugation with ubiquitin and ubiquitin-like
(Ub/Ubl) molecules is a potent way to alter protein
functions and/or sort specific protein targets to the
proteasome for degradation. Many poxviruses
interfere with the host Ub/Ubl system by encoding
viral proteins that can usurp this pathway (Zhang et
al. 2009).

Incubation period
Not established in the equine species yet.

Clinical presentation

Multiple clinical forms of horsepox have been
described, including a benign, localized form
involving lesions in the muzzle (211) and buccal
cavity known previously as contagious pustular
stomatitis and a generalized, highly contagious form
known as equine papular dermatitis. Horsepox has
also been associated with an exudative dermatitis of
the pasterns described as ‘grease’ or grease heel, a
clinical syndrome also associated with other
infectious and environmental agents (Tulman et al.
2006).
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CPXV infection associated with a streptococcal
septicaemia was diagnosed in a weak German
Warmblood filly, born 29 days prematurely, and
humanely destroyed on the sixth day of life. At
necropsy, ulcerative lesions in the alimentary tract,
colitis, polyarthritis, and nephritis were observed.
Transmission electron microscopical examination of
specimens from ulcerative lesions revealed typical
OPV virions. CPXV was unequivocally identified by
virological and molecular biological methods
(Ellenberger et al. 2005).

Differential diagnosis

The differential diagnosis includes equine molluscum

contagiosum (212-214), Uasin Gishu disease .

(Tulman et al. 2006), immune-mediated disorders, 211 Horsepox is a slow, mild, self-limiting progressive skin

and vesicular stomatitis virus infection. Uasin Gishu disease caused by horsepox virus. Multiple clinical forms
of horsepox have been described including a benign,
localized form involving lesions in the muzzle. (Courtesy of
Dr D. Kersten.)

‘b.
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212, 213 Molluscum contagiosum. Marked epidermal hyperplasia and hyperkeratosis, usually without dermal inflammatory

infiltrates. The epidermis is thickened and contains abundant large intracytoplasmic basophilic viral inclusion bodies or molluscum
bodies. Molluscipoxvirus, equine molluscum contagiosum virus. (H&E stain. Bars 500/200 um, respectively.)

214 Molluscum contagiosum. Close-up micrograph of the
epidermal intracytoplasmic molluscum bodies which displace
and compress the keratinocyte nucleus to the cell margins. The
viral inclusion bodies exhibit an increase in condensation and
basophilia upwards in the stratum corneum, where they are
intensely purple. Molluscipoxvirus, equine molluscum
contagiosum virus. (H&E stain. Bar 50 um.)
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disease has been described in nonindigenous horses
of eastern Africa and is associated with a poorly
characterized OPV. However, generalized skin
lesions are proliferative and papillomatous and the
disease may be chronic in nature (Thompson et al.
1998, Tulman et al. 2006). Equine molluscum
contagiosum is a mild, self-limiting cutaneous disease
similar to the human disease and is associated with
a virus similar to molluscum contagiosum virus.
Lesions are usually seen on the chest, shoulders,
medial and lateral aspects of the fore- and hindlimbs,
the face, fetlocks, pasterns, on the lateral surfaces of
the body, and genitalia, associated with marked
scrotal oedema. The lesions vary from 4 to 20 mm in
diameter, are hairless but covered by soft keratin
projections which, when removed, leave a raw
elevated base tightly adherent to the epidermis.
These lesions bled profusely when the animals were
groomed. Older lesions were well circumscribed,
raised above the surface, devoid of hair, and after
removal of grey-white keratin flakes had a
depigmented waxy appearance (Lange et al. 1991,
Rensburg et al. 1991).

Diagnosis
Electron microscopical examination might reveal the

presence of typical pox virions in affected epidermal
cells (Kaminjolo et al. 1974).

Pathology

Macroscopic lesions in the muzzle and buccal cavity
are multiple and ulcerative to typical pocks. In
papular dermatitis firm papules 5 mm in diameter
become crusted and leave alopecic spots (Jubb ez al.
2007). Histology characteristically exhibits both
hyperplastic and degenerative to necrotizing
epithelial lesions. Mixed inflammatory dermal
infiltrates may vary. Pathognomonic are the large
round to ovoid intraepithelial cytoplasmic inclusion
bodies containing pox virions.

Management/Treatment

Not appropriate as a self-limiting skin disease,
although treatment of diseased horses might be
supportive.

Public health significance

Horsepox virus has no public health significance. In
comparison, molluscum contagiosum occurs in 2—
8% of children. This infection is among the most
common viral skin infections in children. The lesions
will resolve spontaneously by puberty (Scheinfeld
2007). No single intervention has been shown to be
convincingly effective in treating human molluscum
contagiosum (van der Wouden et al. 2006).

WEST NILE VIRUS/KUNJIN VIRUS

Order Mononegavirales

Family Flaviviridae/Genus Flavivirus/Japanese
encephalitis virus group: linear, positive-sense, single-
stranded RNA

Definition/Overview

Encephalomyelitis in an extremely broad vertebrate
host range is caused by West Nile virus (WNV),
which is widely distributed in South Africa
(Venter & Swanepoel 2010) and identified as
emerging in Europe (Vorou ef al. 2007). Since its
introduction to the western hemisphere in 1999,
WNV had spread across North America, Central
and South America and the Caribbean, although the
vast majority of severe human cases have occurred
in the USA and Canada (Murray et al. 2010). WNV
is transmitted to susceptible mammals by mosquito
vectors primarily from the genus Culex. It has
important public health significance and is a
reportable disease.

Aetiology

WNV is a member of the genus Flavivirus, family
Flaviviridae, and has an extremely broad vertebrate
host range. Infection of common species of birds has
defined those with high vs. low potential to serve as
amplifying hosts for the virus. In general, mammals
(primates, horses, companion animals) are dead-end
hosts for WNV, although some circumstances (e.g.
immunosuppression) may allow individuals to
become capable of transmitting the virus to
mosquitoes. Some mammals (rodents, rabbits,
squirrels) and reptiles (alligators) have been found to
develop a viraemia of sufficient magnitude to predict
at least low competence for infecting feeding
mosquitoes (Bowen & Nemeth 2007). Lineage two
of WNV may be significantly underestimated as a
cause of neurological disease in man and animals in
South Africa (Venter & Swanepoel 2010).
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Epidemiology

WNV has been isolated from a range of mosquito
species, primarily from the genus Culex (Ward et al.
2004). Some birds may be important reservoirs of
WNV or amplifying hosts, because viraemia in birds
may reach sufficient levels to infect feeding
mosquitoes (Hubdlek & Halouzka 1999).
Furthermore, trans-Saharan migrant bird species had
both higher prevalences and antibody titres than
resident and short-distance migrants (Lopez et al.
2008). In contrast, viraemia in naturally and
experimentally infected equids is transient and at a
low level (Schmidt & El Mansoury 1963). It is highly
unlikely that a horse infected with WNV would
transmit the virus to humans or other species in
typical circumstances (Snook et al. 2001, Bunning et
al. 2002).

During outbreaks, seroprevalence in horses
without clinical signs of encephalomyelitis can
reach 8% (Cantile et al. 2000, Trock et al. 2001).
On the other hand, in one study, the proportion of
equids serologically positive for natural exposure to
WNV was 64% (Epp et al. 2007). WNV was first
detected in the USA in 1999 (Trock et al. 2001),
whereas human and equine WNV infections have
recently been described in France and Portugal
(Zeller & Schuffenecker 2004, Vorou et al. 2007)
and in northeastern Italy (Barzon et al. 2009,
Monaco et al. 2010). During late summer and
autumn 2000, a West Nile fever outbreak in
southern France resulted in 76 equine clinical cases,
of which 21 horses died. It has been suggested that
WNV is not endemic in the affected Camargue area,
as sporadic outbreaks are separated by long silent
periods (Durand et al. 2002). Simulated incidences
are mainly determined by host and vector
population dynamics, virus transmission, and herd
immunity (Laperriere et al. 2011).

Pathophysiology
Infection of primary human brain microvascular
endothelial cells can facilitate entry of cell-free virus
into the CNS without disturbing the blood-brain
barrier, and increased cell adhesion molecules may
assist in the trafficking of WNV-infected immune
cells into the CNS, via a ‘Trojan horse’ mechanism,
thereby contributing to WNV dissemination in the
CNS and associated pathology (Verma et al. 2009).
Virtually all of the associated OAS1
polymorphisms were located within the interferon-
inducible promoter, suggesting that differences in
OAS1 gene expression may determine the host’s
ability to resist clinical manifestations associated
with WNV infection (Rios et al. 2010).

Incubation period

Experimental infections of horses with WNV by
subcutaneous inoculation or mosquito feeding has
only rarely resulted in overt clinical disease (Davis et
al. 2001, Minke et al. 2004, Bowen & Nemeth
2007). Only one horse (a 13-year-old mare) out of
12 showed neurological signs, beginning 8 days after
infection and progressing to severe clinical disease
within 24 hours (Bunning et al. 2002).

Clinical presentation

The most common clinical signs are ataxia, hindlimb
paresis, and muscle tremors and fasciculations,
whereas fever is not commonly detected (215) (Trock
et al. 2001). The case fatality rate in horses with
clinical disease may exceed 23-30% (Porter et al.
2003, Ward et al. 2004), although infection of horses
with  WNV usually does not result in the
development of clinical signs (Trock et al. 2001).
Nielsen et al. found that the annual incidence of
clinical and subclinical WNV infection in
nonvaccinated horses was 16 %, with an apparent to
inapparent ratio of 1:4 among infected horses
(Nielsen et al. 2008).

215 The most common clinical signs due to West Nile virus
are ataxia, hindlimb paresis, and muscle tremors and
fasciculations, whereas fever is not commonly detected.
Treatment of diseased horses is supportive. Vaccination is
an effective, practical method of prevention of clinical
disease. (Courtesy of Dr M. Aleman, University of California,
Davis, USA.)
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Differential diagnosis
The differential diagnosis predominantly includes

various causes of acute neurological disease (see
p- 262).

Diagnosis

The tentative diagnosis is supported by positive
results of serological tests such as the virus
neutralization test or IgM antibody capture ([MAC]-
ELISA) (Ostlund et al. 2001, Trock et al. 2001).
Neutralization antibody titres =21:10 were detected
between days 7 and 11 post infection (Bunning et al.
2002). Case confirmation requires virus isolation or
a fourfold or greater increase in titre of the plaque
reduction neutralization test (PRNT). In addition,
detection of both IgM anti-WNV antibody and an
increased titre (=1:10) in the PRNT in a single serum
sample may be used. The presence of clinical signs
and positive results of MAC-ELISA in a single serum
sample are sufficient criteria to suspect a probable
case of encephalomyelitis caused by WNV (Ostlund
et al. 2001). The induction of antibodies to the
WN19 epitope during WNYV infection of horses is
generally associated with E protein glycosylation of
the infecting viral strain (Hobson-Peters et al. 2008).
It should be realized that diagnosis of WNV infection
in Japanese encephalitis virus (JEV)-immunized
horses requires serological tests for NtAb and IgM
titres to both WNV and JEV (Shirafuji et al. 2009).

Pathology

Gross lesions may be present and consist of spinal
cord malacia and haemorrhage. Histological lesions
of a nonsuppurative encephalomyelitis mostly affect
the brainstem and spinal cord grey matter; they
consist of thin lymphoplasmacytic cuffs, glial
nodules, and occasional neuronal degeneration.

Axonal distension with formation of spheroids is
seen (Jubb et al. 2007).

Management/Treatment

Treatment of diseased horses is supportive.
Vaccination is an effective, practical method of
prevention of clinical disease (Davis et al. 2001,
Minke et al. 2004, Bowen & Nemeth 2007).
Nonvaccinated equids were 23 times more likely to
develop clinical disease than those vaccinated (Epp et
al. 2007). The estimate of vaccine efficacy in a field
study was 96% (Epp et al. 2007). WNV vaccination
with an inactivated product with a series of three
vaccines at 3-week intervals effectively induced an
antigen-specific antibody response, as well as CD4+
and CD8+ lymphocyte activation (Davis et al. 2008).
WNYV vaccine-induced NS1 antibodies were detected
by blocking ELISA and a complement-dependent
cytotoxicity (CDC) assay and affected the ability of
these assays to differentiate WINV from JEV infections
(Kitai et al. 2011). Furthermore, it is of importance to
decrease exposure of horses to infected mosquitoes.

Public health significance

WNV has important public health significance and is
a reportable disease. Persistent movement disorders,
cognitive complaints, and functional disability may
occur after WNV neuroinvasive disease. WNV
poliomyelitis may result in limb weakness and
ongoing morbidity that is likely to be long term.
Although further assessment is needed, the long-term
neurological and functional sequelac of WNV
infection are likely to represent a considerable source
of morbidity in human patients long after their
recovery from acute illness (Sejvar 2007).

Corvids can be a sensitive indicator for WNV
prevalence and are a component of many WNV
surveillance program. An improved sampling
procedure using a bilateral intraocular cocktail has
been developed for testing corvid carcasses for
WNV. This new procedure is substantially faster
than harvesting internal organs, requires less
specialized equipment and training, and yields
excellent diagnostic sensitivity (Lim et al. 2009).

Kunjin virus (KUN) is a flavivirus also within the
Japanese encephalitis antigenic complex that was
first isolated from Culex annulirostris mosquitoes
captured in northern Australia in 1960. It is the
aetiological agent of a human disease characterized
by febrile illness with a rash or mild encephalitis
and, occasionally, of a neurological disease in
horses. It has been designated as a subtype of
WNYV. KUN shares a similar epidemiology and
ecology with the closely related Murray Valley
encephalitis virus, the major causative agent of
arboviral (arthropod-borne) encephalitis in
Australia (Hall et al. 2001).
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JAPANESE ENCEPHALITIS VIRUS/MURRAY
VALLEY ENCEPHALITIS VIRUS

Order Mononegavirales

Family Flaviviridae/Genus Flavivirus/Japanese
encephalitis virus group: linear, positive-sense, single-
stranded RNA

Definition/Overview

An acute, rapidly progressive, fatal neurological
disease of horses and humans is caused by Japanese
encephalitis virus (JEV) or Murray Valley
encephalitis virus (MVE). Horses are considered to
be dead-end hosts for JEV (Lam et al. 2005) and
MVE (Kay et al. 1987).

Aetiology

Flaviviruses are among the most important emerging
viruses known to man. Most are arboviruses
(arthropod-borne), being transmitted by mosquitoes
or ticks. They derived from a common ancestor
10,000-20,000 years ago and are evolving rapidly
to fill new ecological niches. JEV is numerically the
most important cause of epidemic encephalitis; its
geographical area is expanding despite the avail-
ability of vaccines. JEV comprises five genotypes.
Other mosquito-borne neurotropic flaviviruses with
clinical and epidemiological similarities are found
across the globe. These include St Louis encephalitis
virus  and WNV, which recently reached the
Americas for the first time (Solomon & Mallewa
2001). KUN shares a similar epidemiology and
ecology with the closely related MVE (Hall et al.
2001). JEV from an equine case was classified into
genotype I by nucleotide sequence analysis of the
viral envelope gene (Yamanaka et al. 2006).

Epidemiology

WNV is now distributed worldwide, except in most
areas of Asia, where JEV is distributed (Kitai et al.
2007). Seroprevalence against JEV was 50% for
Thoroughbred horses tested in Korea (Yang et al.
2008) and 50% in horses in Nepal (Pant et al. 2006).
The natural infection rate in epizootic seasons, which
was determined by a significant increase
in NS1 antibody level, was 4-27% in Ibaraki
and 0-41.7% in Shiga, indicating that high levels of
JEV activity still exist in central Japan (Konishi et al.
2006). Horses are unlikely to be efficient amplifiers
of MVE virus and do little to incriminate it as an
important pathogen (Kay et al. 1987). Remarkably,
the circulation of Usutu virus (USUV), a flavivirus
also of the JEV complex, has been demonstrated in
northeastern Italy (Lelli ez al. 2008).

Pathophysiology

Following replication at the site of infection and
haematogenous spread it may cross the blood-brain
barrier causing encephalitis. Mortality most
probably results from a combination of CNS
pathology and systemic inflammatory and stress
responses (Hayasaka et al. 2009).

Incubation period

Horses inoculated with MVE either by intravenous
injection or by the bite of Culex annulirostris or
Aedes vigilax orally-infected mosquitoes, induced
circulation of trace amounts of MVE virus for 1-5
days postinoculation, with some horses developing
mild pyrexia and transient clinical signs (Kay et al.
1987).

Clinical presentation

In equines, JEV/MVE causes a spectrum of disease
ranging from subclinical to acute (lethal)
encephalitis. Following recovery, residual neuro-
logical signs are sometimes seen as sequelae. It
should be realized that Japanese encephalitis has
been reported in a horse that had been vaccinated
against Japanese encephalitis, suggesting the
possibility that the horse might have been infected
with a recombinant between genotype I and
genotype Il viruses (Lam et al. 2005).

Following inoculation with MVE in one study,
most horses remained normal, although some
developed mild pyrexia and transient clinical signs
(Kay et al. 1987).

Differential diagnosis

The differential diagnosis predominantly includes
various causes of acute neurological disease (see
p. 262).

Diagnosis

No pathognomonic clinical signs distinguish JEV
from MVE infection. Definitive diagnosis of the
disease requires serology and/or virus isolation from
blood and CSE. An ELISA to detect antibodies to
JEV nonstructural 1 (NS1) protein is available and is
able to detect subclinical natural infections in
vaccinated equine populations (Konishi et al. 2004).
In addition, an epitope-blocking ELISA has been
described able to differentiate WNV from JEV
infections in equine sera (Kitai et al. 2007). However,
in serosurveillance of WNYV, JEV-vaccinated horses
can produce false-positive results in WNV IgG-
ELISA, haemagglutination inhibition (HI) and
PRNT (Hirota et al. 2010).
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Pathology

Microscopically a nonsuppurative encephalitis of the
cerebral hemispheres is characterized by marked
perivascular lymphoplasmacytic cuffing, gliosis, and
malacia (Jubb et al. 2007).

Management/Treatment

A single intramuscular immunization of a DNA
recombinant plasmid vector vaccine of JEV
protected horses from virus challenge (Chang et al.
2001), and the risk of JEV death was lowered and
the symptomatic period of survivors shortened with
inactivated JEV vaccination (Satou & Nishiura
2007).

Public health significance

JEV is estimated to cause 30,000-50,000 cases of
encephalitis every year predominantly in rural Asia,
associated with thalamic lesions seen on computed
tomography (CT) and/or magnetic resonance
imaging (MRI) (Dung et al. 2009). MVE is the major
causative agent of arboviral encephalitis in Australia

(Hall et al. 2001).

EQUINE ARTERITIS VIRUS

Order Nidovirales

Family Arteriviridae/Genus Arterivirus:
positive-sense, single-stranded RNA

linear

Definition/Overview

Equine arteritis virus (EAV) can cause panvasculitis,
inducing oedema, haemorrhage, and abortion (Doll
et al. 1957a, Doll et al. 1957b, Jones et al. 1957).
The virus neutralization test is considered the gold
standard serological screening test for the detection
of antibodies to EAV (Duthie et al. 2008). Case
confirmation requires virus isolation from
nasopharyngeal and conjunctival swabs, blood,
urine (216), semen, or placental and fetal fluids.
Mares and geldings eliminate the virus within 60
days, but 30-60% of acutely infected stallions will
become persistently infected. Identification of carrier
stallions is crucial to control the dissemination of
EAV (Glaser et al. 1997, Pronost et al. 2010).

Aetiology

EAV is caused by an enveloped, spherical, positive-
stranded RNA virus with a diameter of 50-70 nm.
The virus is a nonarthropod-borne virus classified as
a member of the order Nidovirales, including also
the bigeneric family Coronaviridae, within the family
Arteriviridae. As a consequence, EAV is similar to
coronaviruses (Cavanagh et al. 1994). Genetic
diversity with reference to EAV is recognized among
field isolates (Belak et al. 1999).

Epidemiology

Serological investigations indicate that EAV has a
worldwide distribution and that its prevalence is
increasing (Glaser et al. 1997). Affected stallions
may become long-term carriers and may shed EAV in
their semen. In one study, 27% of seropositive
stallions were identified as presumptive shedders of
EAV in semen (Newton et al. 1999). As a
consequence, stallions shedding EAV in their semen
serve as a reservoir for the virus within the equine
population, which has resulted in restrictions for
international transport of horses and semen
(Timoney et al. 1987). The carrier stallion can be a
source of genetic diversity of EAV, and outbreaks of
EAV can be initiated by the horizontal aerosol
transmission of specific viral variants that occur in
the semen of particular carrier stallions (Balasuriya
et al. 1999, Zhang et al. 2010). EAV can also be
associated with epidemic abortion (Timoney &
McCollum 1993).
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Pathophysiology

The vascular system is the principal, but not the only
target. Following colonization of macrophages, the
virus spreads systemically using circulating
monocytes and enters the endothelium and tunica
media of blood vessels, histiocytes, and dendrite-like
cells. Eventually, the virus multiplies within renal
tubular cells (Del Piero 2000). Data indicate that
EAV-induced, macrophage-derived cytokines may
contribute to the pathogenesis of EAV in horses, and
that the magnitude of the cytokine response of
equine endothelial cells and macrophages to EAV
infection reflects the virulence of the infecting virus
strain (Moore et al. 2003). It has been stated that
testosterone plays an essential role in the
establishment and maintenance of the carrier state
(McCollum et al. 1994). On the other hand, EAV is
sensitive to inhibition by recombinant equine
interferon-gamma (Sentsui et al. 2010).

Incubation period

Geldings were febrile for varying periods from 2 to
10 days after intranasal inoculation. Viraemia
occurred from day 2 onwards, for periods varying
from 9 to at least 19 days. Nasal shedding of virus
began 2—4 days after inoculation and persisted for
7-14 days (McCollum et al. 1994).

with oedema. Haired skin of the prepuce which shows oedema
of the mid-dermis (arrows) and perivascular lymphocytic
infiltrates in the deep dermis consistent with equine arteritis
virus infection. (H&E stain. Bar 500 um.)

Clinical presentation

Clinical signs may be absent or may include pyrexia,
depression, anorexia, limb oedema, stiffness of gait,
rhinorrhoea and epiphora, conjunctivitis, and rhinitis.
Oedema of the periorbital and supraorbital areas,
midventral regions, scrotum, prepuce (217-220), and

216 EAV virus
can be
demonstrated in
urine following
virus
multiplication
within renal
tubular cells.

218 Perivascular lymphocytic dermatitis and vasculitis with
oedema of the prepuce. Multifocal perivascular accumulations
of lymphocytes within the deep dermis (arrows); lesions
consistent with equine arteritis virus infection. (H&E stain.

Bar 500 um.)
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220 Lymphocytic dermatitis and vasculitis of the prepuce.

oedema of the prepuce. Extensive perivascular lymphocytic Higher magnification of deep dermal arterioles lined by
infiltrate within the deep dermis accompanied by interstitial swollen endothelial cells and cuffing with lymphocytes, few
oedema (arrows) consistent with equine arteritis virus lymphocytes infiltrate the vessel walls (arrow). Note the
infection. (H&E stain. Bar 100 um.) paleness, indicative of oedema, of the surrounding interstitium

with distension of the dermal collagen fibres. Lesions
consistent with equine arteritis virus infection. (H&E stain.
Bar 50 um.)

221, 222 Clinical signs may include urticarial rash (221) with serum oozing from the skin (222).
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mammary gland, urticarial rash (221, 222), and
abortion also occur. Less frequently, severe
respiratory distress, ataxia, mucosal papular
eruptions, submaxillary lymphadenopathy, and
intermandibular and shoulder oedema may be
observed (Doll et al. 1957a, Doll et al. 1957b,
Timoney & McCollum 1993, Del Piero 2000). EAV
is occasionally fatal in adult horses and more
frequently fatal in foals (Vaala et al. 1992, Timoney
& McCollum 1993, Wilkins et al. 1995).

Differential diagnosis

Differential diagnoses includes EHYV, equine
adenovirus, influenza, equine infectious anaemia,
African horse sickness (AHS), Hendra disease, Getah
virus of the alphavirus subgroup of the Togaviridae,
purpura haemorrhagica, and the toxic plant hoary
alyssum (Berteroa incana) (Del Piero 2000).

Diagnosis
The diagnosis of EAV is based on demonstration of
lesions and the aetiological agent and/or

seroconversion. The detection of seroconversion
with complement-dependent virus neutralization
performed using the Bucyrus strain in EAV-infected
animals is a reliable method for identifying EAV
infection in horses. Geldings seroconverted to EAV
by day 11, with serum neutralization titres ranging
from 8 to 64. The titres ranged from 8 to 32 after 4
weeks (McCollum et al. 1994). Post suckle testing
may be invalid because of passive transfer of
maternal immunity in seroconverted mares.

Tissue culture cell lines generally used to isolate
EAV are RK-13 cells, Vero cells, and equine lung cells
(Timoney & McCollum 1993, Del Piero 2000). In
addition, reverse transcription (RT-)PCR has been
used to detect EAV antigen (Del Piero 2000).

Pathology
EAV has a variable presentation, including interstitial
pneumonia,  panvasculitis  (inflamed  veins,

lymphatics, and arteries) with oedema, thrombosis
(lungs and intestines) and haemorrhage,
lymphonodular lymphoid necrosis, renal tubular
necrosis, abortion, and inflammation of male
accessory genital glands. Microscopic lesions consist
of arterial fibrinoid necrosis and mainly lymphocytic
mural and perivascular infiltrates with or without
thrombosis and perivascular interstitial oedema.
Infarctions and necrosis may be present in the large
intestine and adrenals. EAV antigen can be
demonstrated within the cytoplasm of epithelial cells
such as alveolar pneumocytes, enterocytes, adrenal
cortical cells, trophoblasts, thymus stroma, renal
tubular cells, and male accessory genital gland cells.
It can also be demonstrated within endothelia, in

vascular, myometrial, and cardiac myocytes,
macrophages, dendrite-like cells of lymphoid organs,
and chorionic mesenchymal stromal cells. Lesions
are uncommon in the aborted fetus. If present, they
are mild and EAV antigen is frequently not detectable
within fetal tissues and placenta. At day 10 post-
infection, the most severe damage occurs to blood
vessels associated with abortion (Del Piero 2000).

Low concentrations of EAV were detected in the
kidney and blood of one gelding killed 30 days after
inoculation and in the blood of another killed after
57 days (McCollum et al. 1994). Infective EAV is no
longer detectable in most tissues 28 days after
experimental infection, except in the reproductive
tracts of some stallions (Fukunaga et al. 1981, Neu
et al. 1987, McCollum et al. 1994, Fukunaga et al.
1997).

Management/Treatment

As affected stallions may become long-term carriers,
preference should be given to semen from stallions
that are seronegative for EAV or that have been
shown not to shed virus in their semen. Both
inactivated and attenuated virus vaccines are
available (Fukunaga ef al. 1997, Glaser et al. 1997).
However, vaccination will complicate EAV
monitoring, whereas it does not prevent virus
shedding via semen. EAV infection is readily
prevented through serological and virological
screening of horses, coupled with sound
management practices that include appropriate
quarantine and strategic vaccination (MacLachlan
& Balasuriya 2006).

Public health significance
Not convincing yet.
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EQUINE INFLUENZA VIRUS

Family Orthomyxoviridae
Genus Influenza A: linear negative-sense, single-
stranded RNA

Definition/Overview

An economically important, severe, self-limiting
respiratory infection is caused by equine influenza
virus. When horses return to training too soon,
sequelae such as myocarditis and chronic obstructive
pulmonary disease may occur following influenza
infection. Vaccination strategies are the core of
preventive management of the disease. However, a
widespread outbreak of equine influenza in the UK
during 2003 in vaccinated Thoroughbred racehorses
challenged the current dogma on vaccine strain
selection. Furthermore, several new developments in
the first decade of the 21 century, including
transmission to and establishment in dogs, a
presumed influenza-associated encephalopathy in
horses, and an outbreak of equine influenza in
Australia, serve as a reminder of the unpredictable
nature of influenza viruses (Daly et al. 2010).

Aetiology

Equine influenza virus belongs to the family
Orthomyxoviridae comprising enveloped, single-
stranded, negative-sense RNA viruses, genus
Influenzavirus A and B, species influenza A virus.
Some influenza A viruses cause disease in species of
veterinary importance, whereas influenza B and C
viruses are restricted to humans. Two clusters of
glycoproteins project from the envelope: the rod-
shaped haemagglutinin (H) and the mushroom-
shaped neuraminidase (N). Only the subtypes H7N7
and H3NS8 have been reported in equines, although
the former has not been isolated since 1979. The
H3NS8 isolate was originally designated influenza
Alequine/2/Miami/63, whereas the H7N7 isolate was
originally designated influenza A/equine/1/Prague/56
(van Maanen & Cullinane 2002). The phylogenetic
diversity of type A influenza viruses has been
published based on the viral external HA and NA
gene sequences and their six internal genes (PB2, PB1,
PA, NP, MP, and NS) with all the influenza A viruses
isolated from human, horses, pigs, or birds showing
more or less time difference. The time difference
among human and equine influenza viruses was more
obvious than that of swine influenza viruses, i.e. some
swine influenza viruses were similar to each other,
even though they were isolated in different time
periods (Chen et al. 2009).

Epidemiology
Although aerosols are considered most important in
transmission of equine influenza, personnel and
contaminated transport vehicles can contribute to a
rapid and wide distribution as well (Mumford 1990,
van Maanen & Cullinane 2002), whereas avian
fomite transmission cannot be excluded (Spokes et
al. 2009). Equine influenza virus is still transmitted
by  subclinically-infected  vaccinated  horses
(Mumford 1990, van Maanen & Cullinane 2002).
Since 1963, antigenetic drift of equine H3NS8 viruses
has developed along a single lineage with a rate of
0.8 amino acid substitutions per year, regularly
compromising vaccine efficacy (Daly et al. 1996).
Influenza virus, subtype H3N8, was transmitted
from horses to greyhound dogs in 2004 and
subsequently spread to pet dog populations. The co-
circulation of H3N8 viruses in dogs and horses
makes bidirectional virus transmission between
these animal species possible. Analysis of a limited
number of equine influenza viruses suggests
substantial separation in the transmission of viruses
causing clinically apparent influenza in dogs and
horses (Rivailler et al. 2010).

Pathophysiology

The virus spreads through the respiratory tract
within 1-3 days, causing desquamation and
denudation of respiratory epithelial cells, and
clumping of cilia. Impairment of clearance
mechanisms can be profound, resulting in
significantly reduced tracheal clearance rates for up
to 32 days after infection (Willoughby er al. 1992).
Regeneration of the respiratory epithelium takes at
least 3 weeks (van Maanen & Cullinane 2002).

Incubation period

Equine influenza virus is contracted by inhalation
and is extremely contagious. The short incubation
period (1-5 days) and the persistent coughing that
characterizes influenza in horses, contribute to the

rapid spread of the disease (van Maanen &
Cullinane 2002).
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Clinical presentation

Equine influenza virus can cause a severe, self-
limiting respiratory infection characterized by a
distinctive harsh cough, serous nasal discharge (223),
pyrexia, tachycardia, hyperaemia of nasal and
conjunctival mucosae, limb oedema (224), and
muscle soreness and stiffness. Prolonged fever and
mucopurulent nasal discharge (225) indicate
secondary bacterial infection. Pregnant mares may
abort or resorb the fetus as a result of fever. Young
susceptible foals may develop a rapidly fatal
pneumonia and donkeys are more susceptible to
influenza than horses (van Maanen & Cullinane
2002). In vaccinated racehorses poor performance is
frequently reported with or without cough and nasal
discharge (Mumford & Rossdale 1980). Unusual
clinical signs of enteritis and pneumonia were
associated with an H3N8 strain closely resembling
an avian H3N8 virus during an epidemic in China
(Webster & Guo 1991). When horses return to
training too soon, sequelae such as myocarditis and
chronic obstructive pulmonary disease may occur
(Gerber & Lohrer 1966, Rooney 1966, Chambers ef
al. 1995).

224 Oedema of the limbs due to vasculitis is commonly seen in
various viral infections, such as influenza, of horses.

223 Equine influenza virus is commonly associated with serous
nasal discharge (arrow).

225 Prolonged fever and purulent nasal discharge following
equine influenza indicate secondary bacterial infection.
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226 Bronchointerstitial pneumonia. The lung is swollen (note
the rib imprints), hyperaemic, and heavy with multiple

haemorrhages. Lesions consistent with equine influenza virus
infection.

Differential diagnosis
The differential diagnosis includes various causes of
fever and dyspnoea (see p. 262).

Diagnosis

After influenza infection, naive horses may shed
virus in nasopharyngeal secretions for 7-10 days.
Nasopharyngeal swabs should be taken preferably
within 24 h after the appearance of fever, and
transported in cool transport medium to the
laboratory within 24 h (Mumford et al. 1998). In
addition to virus isolation, tests to detect the
nucleoprotein, one of the type-specific antigens of
type A influenza viruses, appeared to be a valuable
adjunct to virological diagnosis and were at least as
sensitive as virus isolation, with results of these tests
available within hours (van Maanen 2001).
Furthermore, direct sequencing of the HA gene after
RT-PCR on nasal swab extracts can yield valuable
information for surveillance of antigenic drift (Ilobi
et al. 1998), but for complete surveillance virus
isolation remains essential to provide isolates for
antigenic analysis and cross-protection studies (van
Maanen & Cullinane 2002).

Since many horses have been vaccinated or have
been previously infected, acute and convalescent
sera should be taken for serological diagnosis of
influenza virus infections, and a significant increase
in titre should be demonstrated. HI, virus
neutralization (VN), and single radial haemolysis

(SRH) tests can be used (van Maanen & Cullinane
2002). In HI- and VN-tests a fourfold increase in
titre, and in SRH tests an increase of 50% (or
25 mm?) is considered evidence of infection (Wood
et al. 1994, Mumford et al. 1995). Also an ELISA
based on a haemagglutinin protein is available for
serodiagnosis (Sugiura et al. 2001). During the
Australian epidemic of equine influenza in 2007,
tens of thousands of horses were infected. From the
resulting field data, the commonly used bELISA for
influenza A under field conditions was evaluated.
Sensitivity and specificity of the test were 0.992
and 0.967, respectively (Sergeant et al. 2009). In
addition, four blocking/competitive ELISAs
performed well in the detection of influenza A
antibodies in horses (Kittelberger et al. 2011).

Pathology

Grossly the lungs may be swollen with alveolar
oedema and haemorrhages (226). On histology there
is necrosis of bronchiolar epithelium with influx of
neutrophils, macrophages, and lymphocytes.
Frequently opportunistic secondary pathogenic
bacterial invaders (Streptococcus equi subsp. equi,
Streptococcus  equi  subsp.  zooepidemicus,
Staphylococcus aureus, Bacteroides spp.) complicate
the viral bronchointerstitial pneumonia and a
suppurative bronchopneumonia prevails (Jubb et al.
2007, McGavin & Zachary 2007).
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Management/Treatment

Treatment is largely symptomatic with antibiotic
treatment and anti-inflammatory drugs used only if
necessary (van Maanen & Cullinane 2002). An
essential component of recovery from equine
influenza is stall rest. A guideline is, that horses
should be stall-rested for as many weeks as the
number of days they suffered fever (Wilson 1993,
Chambers et al. 1995). With reference to myocarditis
as a sequela, the administration of corticosteroids
should be considered.

Management procedures reducing the level of
virus in the environment, e.g. the removal and
isolation of horses in the early stage of infection,
markedly reduce the likelihood of disease spread
(Mumford 1991, 1992). Virucidal products such as
quaternary ammonium compounds, phenolic
disinfectants, formalin or chlorine-based products
should be used for disinfection of putatively
contaminated stables, equipment, and transport
vehicles (Wilson 1993).

Vaccination strategies (using either inactivated
virus vaccine or an intranasal cold-adapted
modified live virus vaccine) are the core of
preventive management (van Maanen & Cullinane
2002, van de Walle et al. 2010). An influenza
vaccine based on a carboxypolymer-based adjuvant
was associated with superior ability to produce
antibodies after vaccination in comparison with
other commercial influenza vaccines (Holmes et al.
2006). Vaccination with either an ISCOM-based or
a canarypox-based vaccine partially protected
against infection with A/eq/Sydney/2888-8/07-like
strains and limited the spread of disease in a
vaccinated horse population (Bryant et al. 2009).
Aged horses had higher IgGa and IgGb influenza
antibody titres before vaccination than younger
horses, but similar titres after vaccination
(Muirhead et al. 2008). Maternally-derived
antibodies clearly interfered with vaccination, and
foals from regularly vaccinated mares should not be
vaccinated before 24 weeks of age (van Maanen et
al. 1992). Modifications introduced into the viral
NS1 gene via reverse genetics have resulted in
attenuated influenza viruses with promising vaccine
potential. As a consequence, NS1-modified viruses
could represent a new generation of improved
influenza virus vaccines (Richt & Garcia-Sastre
2009).

Horses intending to participate in Fédération
Equestre Internationale (FEI) competitions must
have at least received an initial primary course of
two vaccinations, given between 21 and 92 days
apart. Thereafter, a third dose (referred to as the
first booster) must be given within 6 months +
21 days after the date of administration of the

second primary dose, with at least annual boosters
given subsequently (i.e. within 365 days of the last
dose). If the horse is scheduled to take part in an FEI
competition, the last booster must have been given
within 6 calendar months + 21 days of arrival at the
FEI event. No vaccination shall be given within 7
days of the day of arrival at the FEI event (FEI
equine influenza vaccination rule prior to 1st
January 2005).

Public health significance
Not convincing yet.
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HENDRA VIRUS (HEV)

Order Mononegavirales

Family Paramyxoviridae/Subfamily
Paramyxovirinae/Genus Henipavirus: linear
negative-sense, single-stranded RNA

Definition/Overview

An acute interstitial pneumonia can be caused by
Hendra virus (HeV) (formerly called equine
morbillivirus) reported in horses in Australia with
possible horse-to-human transmission (Field et al.
2000, Barker 2003). HeV and Nipah virus (NiV)
form a separate genus, Henipavirus, within the
family Paramyxoviridae. Both viruses emerged from
their natural reservoir during the last decade of the
20% century, causing severe disease in humans,
horses, and swine, and infecting a number of other
mammalian species (Weingartl et al. 2009).
Emergence of HeV is a serious medical, veterinary,
and public health challenge (Playford et al. 2010).

Aetiology

Members of the Paramyxoviridae family are large,
enveloped viruses and the family is divided into two
subfamilies, namely the Paramyxovirinae and
Pneumovirinae. The Paramyxovirinae subfamily is
divided into three genera, namely rubulavirus,
morbillivirus, and respirovirus (Pringle 1998).
A recently emerged zoonotic paramyxovirus
responsible for fatal disease in horses and humans in
Queensland, Australia, NiV has ultrastructural,
serological, and molecular similarities to HeV (Black
et al. 2001). However, gene sequencing of the
enveloped NiV revealed that one of the genes had
21% difference in the nucleotide sequence with
about 8% difference in the amino acid sequence
from HeV isolated from horses in Australia (Uppal
2000). HeV and NiV both comprise the genus
Henipavirus within the family Paramyxoviridae. It
has been suggested that HeV is of low infectivity
(Selvey et al. 1995, Williamson et al. 1998).

Epidemiology
Fruit bats (flying foxes) were found to have a
prevalence of antibody to HeV, indicating that they
may be a wildlife reservoir of the virus (Young et al.
1996). On the other hand, Grey-headed fruit bats
(Pteropus poliocephalus) seroconvert and develop
subclinical disease when inoculated with HeV
(Williamson et al. 1998). Although it seems
improbable that a reservoir of infection for horses
other than flying foxes (suborder Megachiroptera,
genus Pteropus) exists, the possibility of an
unidentified intermediate host or vector cannot be
discounted while the mode of transmission from
flying fox to horse remains unknown (Field et al.
2000). Furthermore, it is possible to transmit HeV
from cats to horses. Transmission from Grey-headed
fruit bats to horses could not be proven and neither
could transmission from horses to horses or horses
to cats (Williamson et al. 1998). Recently swine has
been suggested as a potential host (Li et al. 2010).
The isolation of virus from the spleen of a
recovered horse following inoculation, at 21 days
postinoculation, in the presence of a high antibody
titre, demonstrates that HeV can persist in
recovered horses for some time after the initial
infection. The question still remains open about
persistence of virus and the carrier state
(Williamson et al. 1998). It has been suggested that
the Australian paralysis tick, Ixodes holocyclus,
which has apparently only recently become a
parasite of flying foxes, may transmit HeV and
perhaps other related viruses from flying foxes to
horses and other mammals (Barker 2003).

Pathophysiology

Horses can be infected by oronasal routes and can
excrete HeV in urine and saliva (Williamson et al.
1998).

Incubation period

Experimentally challenged horses developed clinical
disease in less than 11 days following oral
inoculation or by subcutaneous or intranasal
injection (Williamson et al. 1998).
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Clinical presentation

Clinical signs include anorexia, depression combined
with restlessness, fever (up to 41.0°C), tachycardia,
dyspnoea, profuse sweating, large amounts of blood-
stained frothy secretions issuing from the nose,
neurological signs (including convulsions and
ataxia), and oedema of the face, lips, and neck
(Selvey et al. 1995, Williamson et al. 1998, Field er
al. 2000, Hanna et al. 2006, Field et al. 2010).

Differential diagnosis
The differential diagnosis includes various causes of
fever and dyspnoea (see p. 262).

Diagnosis

Serum samples can be tested for specific neutralizing
antibody by serum neutralization test (SNT) and by
an indirect ELISA. Samples for histological analysis
can be examined for HeV antigen using indirect
immunoperoxidase staining using a high-titre,
polyclonal rabbit serum to inactivated HeV
(Williamson et al. 1998). In addition, the presence
of virus might be shown in nasal discharge, saliva
and/or urine of infected horses (Barker 2003).

Pathology

At necropsy, following subcutaneous or intranasal
inoculation, high titres of HeV were detected in the
kidneys, in the urine, and the mouth, but not in the
nasal cavities or tracheas (Williamson et al. 1998).
The predominant histological findings are interstitial
pneumonia and severe vascular degeneration, and
HeV could be isolated from the lung, kidney, spleen,
urine, and saliva. No virus was isolated from the
brain, prescapular lymph nodes, blood, faeces, or
nasal cavity following inoculation (Williamson et al.
1998). Since HeV is endotheliotropic, lesions arise
from vascular damage. Grossly affected lungs are
severely oedematous with distended pleura and

subpleural lymph  vessels, petechiae, and
intratracheal froth. In addition, microscopic lesions
include vasculitis, thrombosis, and typical

multinucleated syncytial cells within the endothelium
of small pulmonary blood vessels. Viral inclusion
bodies are not seen in horses (Jubb et al. 2007,
McGavin & Zachary 2007).

Management/Treatment

As the virus has important public health significance
treatment is not appropriate. Vaccination might be
an option in theory, but no vaccine is available as
yet.

Public health significance
HeV infection should be suspected in someone with
close association with horses or bats who presents
acutely with pneumonia or encephalitis (potentially
after a prolonged incubation period) in an endemic
area (McCormack & Allworth 2002). Several
humans have been killed by the virus after
respiratory and renal failure and relapsing
encephalitic disease (Field er al. 2001, Field et al.
2010). In addition, a veterinarian became infected
after managing a terminally ill horse and performing
a limited autopsy with inadequate precautions. Seven
days after performing the autopsy, she developed a
dry cough and sore throat, associated with cervical
lymphadenopathy and fever lasting 4 days. The
illness continued for about 8 days with generalized
body aches. Nevertheless, she remained well 2 years
after her initial illness (Hanna et al. 2006, Prociv
2007). Furthermore, a horse-trainer developed
pneumonitis, respiratory failure, renal failure, and
arterial thrombosis, and died from a cardiac arrest 7
days after admission to hospital (Selvey er al. 1995).
There is a reasonably strong hypothesis for
horse-to-human transmission: transmission of virus
via nasal discharge, saliva, and/or urine. In contrast
there is no strong hypothesis for flying fox-to-
human transmission (Barker 2003).
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BORNA DISEASE VIRUS

Order Mononegavirales

Family Bornaviridae/Genus Bornavirus:
negative-sense, single-stranded RNA

linear

Definition/Overview

A sporadically occurring infectious meningo-
encephalomyelitis affecting horses and sheep in
central Europe is caused by Borna disease virus
(BDV), which has important public health
significance (Richt et al. 2000).

Aetiology

The aetiological agent is the Borna disease virus
(BDV), an enveloped, nonsegmented negative-
stranded RNA virus with strict neurotropism
classified in the virus family Bornaviridae
(Mononegavirales order). The Mononegavirales
order also includes Filoviridae (Marburg and Ebola
viruses), Paramyxoviridae (measles and mumps
viruses) and Rhabdoviridae (rabies and vesicular
stomatitis viruses) (Dauphin ef al. 2002). Until the
discovery of avian bornavirus (ABV) associated with
proventricular dilatation disease (PDD) in parrots,
the Bornaviridae family consisted of a single species,
classical BDV (Staeheli et al. 2010).

Epidemiology

Clinical cases of horses and sheep have very rarely
been reported outside the endemic region (Germany,
Austria, and  Switzerland). The average
seroprevalence of BDV-specific antibodies is 12% in
clinically healthy horses (Herzog et al. 1994), while
this seroprevalence ranges from 23% (Richt & Rott
2000) to 50% (Dieckhofer 2008) in the endemic
region. Approximately 40% of infected horses were
clinically healthy and approximately 43% were
clinically ill (Dieckhofer 2008). BDV is probably
shed in nasal, salivary, and conjunctival secretions.
The natural source of infection is still unknown, but
rodents are regarded as a potential reservoir and
vector (Dauphin et al. 2002) as well as the
bicoloured white-toothed shrew, Crocidura leucodon
(Puorger et al. 2010).

Pathophysiology

An olfactory route of transmission from horse to
horse has been proposed, either by direct contact or
through contaminated food or water (Herzog et al.
1994, Dauphin et al. 2002), and vertical
transmission has also been reported in horses
(Hagiwara et al. 2000).

Incubation period

The experimental disease is possible in several warm-
blooded mammals and birds, including primates.
The incubation period is variable, between 2 weeks
and a few months (Richt et al. 2000, Dauphin et al.
2002).

Clinical presentation

BDV infections in horses are often clinically
inapparent (Richt et al. 2000, Dieckhofer 2008).
However, sporadically simultaneous or consecutive
disorders in behaviour, sensitivity, and locomotion are
seen. During the initial phase, nonspecific signs such
as fever, anorexia, and colic are observed. During the
acute phase, neurological signs result from meningo-
encephalitis, namely abnormal posture, ataxia,
proprioceptive deficit, and repetitive movements
(bruxism, circular ambulation, trismus, nystagmus,
strabismus, myosis). These signs can be associated
with abnormal reactions to external stimuli such as
hyperexcitability, aggression, lethargy, somnolence,
and stupor. In the final phase, paralysis can occur,
followed by convulsions. Death usually occurs after
1-3 weeks and the death rate in horses is above 80%
(50% in sheep). In chronic infection, recurrent
episodes with depression, apathy, somnolence, and
fearfulness might occur (Grabner & Fischer 1991,
Durrwald & Ludwig 1997, Richt & Rott 2000). Life-
long viral persistence without apparent disease has
also been described (Jordan & Lipkin 2001).

Differential diagnosis
The differential diagnosis predominantly includes

various causes of acute neurological disease (see p.
262).

Diagnosis

Borna disease can be diagnosed by serology, viral
isolation, antigen detection, and RT-nested PCR, but
none of these methods is yet sensitive and specific
enough to be used alone for a sure diagnosis.
Antibody detection in blood and/or CSF is possible
by means of Western blot, ELISA, and
immunofluorescence assay (IFA), the latter method
being the most reliable. Low antibody titres are
detectable in nearly all animals suffering from acute
disease, whereas in the subacute and chronic disease
they are hardly detectable. BDV can be easily
cultivated on monkey kidney (Vero) and dog kidney
cells (MDCK) (Dauphin et al. 2002).

Pathology

Gross lesions are not present. Histologically there is
a nonsuppurative meningoencephalitis with promi-
nent lymphocytic perivascular cuffing and
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lymphoplasmacytic foci in the neuropil. Predilection
sites include grey matter of the olfactory bulbs,
hippocampus, basal ganglia, and brainstem (227-
230) (Jubb et al. 2007). Joest-Degen inclusion bodies
located in the nuclei of infected neurons have been
used as specific markers, but they are not
systematically observed (Gosztonyi & Ludwig 1995).

Management/Treatment

Horses with a tentative diagnosis of Borna disease
should be isolated to prevent possible human
exposure. Treatment should not be attempted, as the
virus has important public health significance and it
is a reportable disease. For prevention of disease, an
attenuated virus vaccine is available.

Dentate gyrus

Dentate gyrus

Public health significance

Borna disease has important public health
significance. The disease can affect a large number
of warm-blooded animal species, including humans.
In humans, BDV could be responsible for psychiatric
disorders such as schizophrenia, autism, chronic
fatigue syndrome, or chronic depression (Dauphin et
al. 2002). BDV infection in Australia particularly
involved multitransfused human patients (Flower et
al. 2008).

of the dentate gyrus (DG) (H&E stain); 228: close-up of the granule cell layer and hilus of the dentate gyrus showing multifocal
perivascular lymphohistiocytic infiltrates (arrowhead) as well as a diffuse microglial activation, astrocytosis, and astrogliosis; 229:
high-power field image of the hilus of the dentate gyrus showing a neuron with a viral amphophilic round intranuclear inclusion
body (Joest-Degen body) (green arrowhead) next to the more basophilic nucleolus (red arrowhead). The image also shows
extensive astrocytosis and astrogliosis with predominance of protoplasmic phenotypes (arrows); 230: investigation for viral
nucleoprotein p40 showing diffuse cytoplasmic immunopositivity in the perikarya of large multiple neurons (black arrowheads) as
well as a single positive intranuclear inclusion body (arrow). (Courtesy of Professor K. Matiasek, University of Munich, Germany.)
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EQUINE RHINITIS VIRUS

Family Picornaviridae/Genus Rhinovirus: linear
positive-sense, single-stranded RNA

Definition/Overview

An acute febrile upper-airway disease can be caused
by equine rhinitis virus (formerly named equine
rhinoviruses). Equine rhinitis A virus (ERAV) is an
important respiratory pathogen of horses and is of
additional interest because of its close relationship
and common classification with foot-and-mouth
disease virus (FMDV) (Li et al. 1997, Stevenson et
al. 2003). Although these viruses are considered to
cause respiratory disease in horses and are
potentially infectious for humans, little is known
about their prevalence and pathogenesis (Mori et al.
2009).

Aetiology

Equine rhinitis A and B viruses (ERAV and ERBV)
are respiratory viruses of horses belonging to the
family Picornaviridae (Mori et al. 2009). ERAV is
classified as a member of the genus Aphthovirus,
whereas ERBV is classified as the sole member of the
new genus Erbovirus. The genus Erbovirus currently
comprises three serotypes: ERBV1, ERBV2, and the
proposed ERBV3 (Huang et al. 2001, Black &
Studdert 2006).

Epidemiology

ERAV infection occurs worldwide with the incidence
of neutralizing antibody varying according to the age
of the horse. Sixteen percent of horses 6-12 months
of age were seropositive, rising to 53% in some
populations comprising horses more than 12 months
old (Studdert & Gleeson 1978). Seroprevalence
against ERBV2 was 24% for horses tested in
Australia (Huang et al. 2001). The prevalence of
ERAV, ERBV1, and ERBV2 serum neutralizing
antibodies was 37%, 83%, and 66 %, respectively
(Black et al. 2007). Mixed viral infections are not
uncommon (Dynon et al. 2007).

Horse sera neutralized ERAV and ERBV1, by
90% and 86%, respectively, whereas only 2.7%
and 3.6% of human veterinary sera showed weak
neutralizing activity to ERAV and ERBVI,
respectively, indicating that the risk of acquiring
zoonotic infection among veterinarians appears low
(Kriegshauser et al. 2005).

Pathophysiology
Sialic acid acts as a receptor for ERAV binding and
infection (Stevenson et al. 2004).

Incubation period
Not established in the equine species yet.

Clinical presentation
Disease is characterized by fever, anorexia, nasal
discharge (231), coughing, pharyngitis, and
lymphadenitis of the head and neck (Plummer 1963).
However, a matched case—control study nested
within a longitudinal study of respiratory disease
failed to demonstrate a significant association
between clinically apparent respiratory disease in
young racehorses and infection with ERAV as
diagnosed by subsequent seroconversion (Newton et
al. 2003). On the other hand, ERBV was detected in
16% of nasal swabs collected from horses with
respiratory disease (Mori et al. 2009).

Of note, ERAV was isolated from aborted
dromedary (Camelus dromedarius) fetuses during
an ‘abortion storm’ (Wernery et al. 2008).

Differential diagnosis
The differential diagnosis includes various causes of
fever and dyspnoea (see p. 262).

Diagnosis

Diagnosis usually depends on the detection of viral
antigen and/or seroconversion combined with
clinical signs. However, it has been stated that the
relative importance of ERBV1 as a cause of acute
febrile respiratory disease in horses has been
underestimated due to failure in many instances to
isolate the virus by conventional cell culture methods
(Li et al. 1997), due to inefficient growth and lack
of cytopathic effect in cell cultures. Therefore,
molecular assays should be considered as the method
of choice for the detection of infection in
symptomatic or apparently healthy horses. A real-
time duplex TagMan PCR has been developed as an
useful new diagnostic method for the rapid detection
and differentiation of ERAV and ERBV as well as to
detect viral RNA in cell culture supernatants and
nasal swabs, and lung and urine (Mori et al. 2009).
Virus neutralization (VN) has been the standard
method for the detection of ERAV antibody in horse
serum (Kriegshauser ef al. 2009).
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Pathology

Unless complicated by secondary infections,
inflammatory lesions of the upper respiratory tract
are usually mild and transient (McGavin & Zachary
2007).

Management/Treatment
Treatment of diseased animals is supportive.

Public health significance

Horses with a tentative diagnosis of equine rhinitis
virus should be isolated to prevent possible human
exposure, given infection and disease in man
(Plummer 1962, Kriegshduser et al. 2005).

231 Sinusitis as a sequela from respiratory disease as
illustrated by purulent discharge oozing from the left apertura
naso-maxillaris (arrow).
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AFRICAN HORSE SICKNESS VIRUS

Family Reoviridae/Genus Orbivirus: linear double-
stranded RNA

Definition/Overview

African horse sickness (AHS) is a noncontagious,
infectious insect-borne disease caused by African
horse sickness virus (AHSV), associated with serous
effusion and haemorrhage in various organs and
tissues. Oedema is never seen in the lower limbs.
Although zebra and donkeys rarely exhibit clinical
signs (232), the effects of the disease, particularly in
susceptible populations of horses, can be devastating
and mortality rates for this species may exceed 90%
(Mellor & Hamblin 2004).

Aetiology

AHSV is a member of the genus Orbivirus in the
family Reoviridae and as such is morphologically
similar to other orbiviruses such as bluetongue virus
of ruminants and equine encephalosis virus. The
double-stranded RNA virus is transmitted by at least
two species of biting midge (Culicoides), the most
important of which is the Afro-Asiatic species C.
imicola. The bluetongue virus utilizes the same
vector species of Culicoides (Mellor & Hamblin
2004). To date, nine different serotypes have been
described (Sanchez-Vizcaino 2004). The presence of
three distinct S10 phylogenetic clades (alpha, beta,
and gamma) has been reported. Some serotypes (6,
8, and 9 in alpha; 3 and 7 in beta; 2 in gamma) were
restricted to a single clade, while other serotypes (1,
4, and 5) clustered into both the alpha and gamma
clades (Quan et al. 2008). In naive horses the form of
disease expressed is a property of the AHSV
inoculum. For instance, AHS/4SP consistently caused
the pulmonary form of AHS with 100% mortality,
AHS/9P1I resulted in the cardiac form of AHS with
70% mortality, and AHS/4PI produced mild to
subclinical disease in horses without mortality
(Laegreid et al. 1993). The virus is acid sensitive,
being readily inactivated at pH values below 6.0, but
remains relatively stable at more alkaline pH values
(pH 7.0-8.5). It is resistant to lipid solvents and
relatively heat resistant (Mellor & Hamblin 2004).

Epidemiology

It has been assumed that C. imicola is exophilic and,
consequently, that stabling should provide effective
protection against AHS. However, the mean catch of
C. imicola inside stables in Spain was consistently
higher than that outside (Calvete et al. 2009).

Zebras are considered the natural vertebrate host
and reservoir of AHSV. This species rarely exhibits
clinical signs (Mellor & Boorman 1995). The
capability of zebra to maintain AHSV is clearly
illustrated by the continuing infections during every
month of the year, with a peak period in winter
(Barnard 1993). Though susceptible to infection,
the donkey is unlikely to be a long-term reservoir
for AHSV, as reflected by the absence of virus in any
of the tissues collected at 14-19 days post-
inoculation (Hamblin ez al. 1998). Dogs have died
from AHSV, contracted by the consumption of
uncooked meat from the carcass of a horse that had
died from the disease, respiratory embarrassment
being the main clinical sign (van Rensberg et al.
1981).

The nine serotypes of AHSV have been described
in eastern and southern Africa. Only AHSV
serotypes 9 and 4 have been found in west Africa,
from where they occasionally spread into countries
surrounding the Mediterranean, for example, in the
Middle East (1959-1963), in Spain (serotype 9,
1966, serotype 4, 1987-1990), in Portugal
(serotype 4, 1989) and Morocco (serotype 4, 1989-
1991) (Sanchez-Vizcaino 2004).

232 Equidae other than horses are unlikely to be a long-term
reservoir for AHSV.
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It has been predicted that climate change will
increase the risk of incursions of AHSV into Europe
from other parts of the world, with West Nile virus
(WNV) being less affected (Gale et al. 2010).

Pathophysiology

Serous effusion and haemorrhage in various organs
and tissues is seen due to infection of target organs
and cells, namely the lungs, spleen, and other
lymphoid tissues and endothelial cells following
initial multiplication of AHSV in the regional lymph
nodes and subsequent dissemination throughout the
body via the blood. Virus multiplication in these
tissues and organs gives rise to a secondary viraemia
(Mellor & Hamblin 2004). A role for intravascular
coagulation in the pathogenesis of AHS has been
suggested (Skowronek et al. 1995).

Incubation period

Control ponies developed clinical signs typical of
AHS and died within 9 days of challenge inoculation
(House et al. 1994) or within 3-6 days after onset of
fever (Mellor & Hamblin 2004).

233 The cardiac form of AHS is characterized by fever and the
main clinical finding is subcutaneous oedema, particularly of
the head, neck, and chest but also of the supraorbital fossae.

Clinical presentation

The extent and severity of the clinico-pathological
findings have been used to classify the disease into
four forms. In ascending order of severity these are
horse sickness fever (which usually affects only
mules, donkeys, and partially immune horses), the
subacute or cardiac form, the cardio-pulmonary or
mixed form, and the peracute or pulmonary form
(Laegreid et al. 1993, House et al. 1994, Mellor &
Hamblin 2004). Horse sickness fever is invariably
mild, usually involving only mild to moderate fever
and oedema of the supraorbital fossae without
mortality. The cardiac form is characterized by fever
and the main clinical finding is subcutaneous
oedema, particularly of the head, neck, and chest but
also of the supraorbital fossae (233). Oedema is
never seen in the lower limbs. The mixed form is
often the most common form and is a combination
of the cardiac and pulmonary forms of disease. The
pulmonary form is associated with marked
depression and fever followed by severe dyspnoea.
Terminally quantities of frothy fluid may be
discharged from the nostrils (Mellor & Hamblin
2004). Clinical AHS occurred more frequently in
horses than donkeys and mules and 16% of the
equines died and 14% were slaughtered. Of these,
81% were horses, 11% were donkeys, and 8% were
mules (Portas et al. 1999).
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Differential diagnosis

The differential diagnosis includes equine
encephalosis virus (Howell e al. 2008), and other
causes of fever and dyspnoea.

Diagnosis

Currently, diagnosis of AHS is based on typical
clinical signs and lesions, a history consistent with
vector transmission, and confirmation by laboratory
detection of virus and/or anti-AHSV antibodies
(Laegreid 1994). Clinical signs and lesions may be
sufficient for a tentative clinical diagnosis, but AHS
must be confirmed by isolation and identification of
the virus. Intracerebral inoculation of 2-4-day-old
suckling mice is the preferred method for primary
isolation of AHSV, although the virus will adapt and
grow in embryonated hens’ eggs following
intravenous inoculation. Several mammalian-derived
cell lines including baby hamster kidney, African
green monkey (Vero), and monkey kidney cells are
available for AHSV isolation, all of which usually
show cytopathic effects within 7 days (Erasmus
1963, Erasmus 1964). AHSV can also be identified
directly using molecular probes and RT-PCR,
although indirect sandwich ELISA is also extremely
useful for the rapid identification of AHSV antigen,
as well as complement fixation and direct and
indirect fluorescence (Davies & Lund 1974).

An assay that uses Hamblin antiserum in a basic
avidin—biotin complex detection system provides a
robust diagnostic tool for the detection of AHSV in
formalin-fixed tissues. The only cross-reactivity
observed was in the lungs of two negative cases
infected with Rhodococcus equi. The assay gave
good results on tissues that had been fixed in
formalin for up to 365 days (Clift et al. 2009).
Application of a nested RT-PCR resulted in direct
detection of AHSV double-stranded RNA from
blood and a variety of tissue samples collected from
equines infected experimentally and naturally
(Aradaib 2009). In addition, an ELISA for the
detection of AHSV antigens and antibodies has
been described (Rubio et al. 1998).

Pathology

The pathological findings vary in accordance with
the disease. With the pulmonary form the most
remarkable finding is interlobular oedema of the
lungs and hydrothorax. Ascites can occur in
abdominal and thoracic cavities and the mucosa of
the stomach may be hyperaemic and oedematous. In
the cardiac form the most prominent lesions are
gelatinous exudate in the subcutaneous, subfascial,
and intramuscular tissues and lymph nodes.
Hydropericardium is seen and haemorrhages are
found on the epicardial and/or endocardial surfaces.
As in the pulmonary form ascites may occur but
oedema of the lungs is either slight or absent. The
histopathological changes are a result of increased
permeability of the capillary walls and consequent
impairment in circulation (Mellor & Hamblin
2004). The only gross pathological changes observed
in donkeys post-mortem were increased fluid
accumulation in the serosal lined compartments,
particularly the peritoneal cavity, and petechial (see
234) and ecchymotic haemorrhages on the left
hepatic ligament (Hamblin et al. 1998). Virus was
localized to target cells (predominantly heart and
lung) with morphological features compatible with
endothelium in all organs except the spleen, where
it was found in both endothelium-like cells and large
mononuclear cells, these being the main target cells
for virus replication (Brown et al. 1994, Clift &
Penrith 2010).

Management/Treatment

There is no specific treatment, and secondary
infections should be treated appropriately. AHSV is
noncontagious and can only be spread via the bites
of infected vector species of Culicoides and as a
consequence vector control is of importance. A
limited number of vaccines are available for AHS
(Roth & Spickler 2003). Polyvalent or monovalent
attenuated vaccines provide solid immunity when
administered twice in the first and second years of
life, and annually thereafter (Mellor & Hamblin
2004). Serial vaccination of naive horses with the
polyvalent AHS-attenuated live virus vaccine
generated a broad neutralizing antibody response to
all vaccine strains as well as cross-neutralizing
antibodies to serotypes 5 and 9. Booster vaccination
of horses with monovalent vaccine vAHSV6 or
vAHSVS induced an adequate protective immune
response to challenge with homologous and
heterologous virulent virus. Iz vivo cross-protection
between AHSV6 and AHSV9 and AHSVS and
AHSVS, respectively, was demonstrated (von
Teichman et al. 2010).
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Vaccination with an inactivated recombinant
canarypox virus vectored vaccine might also be
useful for the protective immunization of equids
against AHS (Guthrie er al. 2009). Furthermore, the
immunogenicity of recombinant modified vaccinia
Ankara (MVA) vectored AHSV vaccines, in
particular MVAVP2, indicates that further work to
investigate whether these vaccines would confer
protection from lethal AHSV challenge in the horse
is justifiable (Chiam et al. 2009). Assumptions of
virulence or reversion to virulence of attenuated live
vaccine reassortants post-vaccination in horses
could not be substantiated (von Teichman & Smit
2008).

Portugal was declared free of AHS 1 year after
ending vaccination. The cost of eradication was
US$11.5 per Portuguese equine (Portas et al. 1999).

Public health significance

Encephalitis  and  uveochorioretinitis ~ with
predominant temporal lobe involvement was
associated with an airborne transnasal route of
infection of the neurotropic AHSV released in dried
powder form, secondary to the accidental breaking
of vaccine bottles (van der Meyden et al. 1992).

234 Mucosal petechiation on the surface of the vagina.
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EQUINE INFECTIOUS ANAEMIA VIRUS

Family Retroviridae/Subfamily
Orthoretrovirinae/Genus Lentivirus: positive-sense,
single-stranded RNA

Definition/Overview

The disease equine infectious anaemia (EIA) is
caused by equine infectious anaemia virus (EIAV),
and is characterized clinically by intermittent fever,
depression, emaciation, and oedema, with anaemia
appearing in the chronic stages of infection. As an
arbovirus it is transmitted by arthropods and the
disease is also known as swamp fever. Treatment
should not be attempted as EIA is a reportable
disease.

Aetiology

The causative agent is a RNA virus, a member of the
Retroviridae family and of the Lentivirus genus with
an almost worldwide distribution. Among
lentiviruses, EIAV is unique in that, despite a rapid
virus replication and antigenic variation, most
infected animals progress from a chronic stage
characterized by recurring peaks of viraemia and
fever to an asymptomatic stage of infection (Leroux
et al. 2004). As with all lentiviruses, EIAV has been
shown to have a high propensity for genomic
sequence and antigenic variation of approximately
40%, especially in its envelope (Env) proteins
(Craigo et al. 2009). The EIAV strain isolated from
the 2006 outbreak in Ireland shared 85% identity
with a Canadian strain, 82-83% with USA strains,
and 82% with a strain from China (Mooney et al.
2006).

Epidemiology

Inapparent carriers remain infective for life. The
main route of transmission is by haematophagous
insects of the Tabanidae family. However, iatrogenic
and close-contact transmission should also be
considered (Menzies & Patterson 2006, More et al.
20084, 2008b). The virus is carried on the
mouthparts of the horsefly. EIA is considered a
worldwide disease but due to its transmission by
insect vectors, it is predominant in warm climates
(Leroux et al. 2004). While susceptible to infection,
donkeys do not develop clinical EIA, and lower
amounts of plasma-associated virus and/or viral
nucleic acids are observed in donkeys compared to
ponies infected with the same strain of EIAV (Cook
et al. 2001). Analysis suggested most Italian isolates
were  geographically  restricted, = somewhat
reminiscent of the ‘clades’ described for human
immunodeficiency virus 1 (HIV-1) (Cappelli ez al.
2011).

Pathophysiology

EIAV retains the ability to use equine lentivirus
receptor 1 for entry which suggests that this virus
can interact with an additional, unidentified receptor
to superinfect equine dermis cells (Brindley et al.
2008). The concept of ‘pathogenic threshold’
postulates that the level of viral replication must
reach a critical level to induce disease. Clearance of
the primary infectious plasma viraemia correlates
with the emergence of EIAV-specific CD8+ cytotoxic
T lymphocytes and non-neutralizing antibodies
(Leroux et al. 2004). U3 regions in the viral long
terminal repeat (LTR), surface envelope protein, and
the accessory S2 gene strongly influence acute disease
expression (Payne & Fuller 2010).

Incubation period

Not established in the equine species yet although
EIAV infection results in a high-titre, infectious
plasma viraemia within 3 weeks post infection
(Leroux et al. 2004). In addition, serological data
suggest an incubation/seroconversion period of
approximately 37 days, but it may be more than
60 days in a few cases (Cullinane et al. 2007).

Clinical presentation

EIAV is responsible for a persistent infection in
horses characterized by recurring cycles of fever
associated with viraemia, depression, weakness,
oedema, wasting symptoms, and haemorrhage
(either dysentery or nasal discharge). Based on
experimental infection, acute, chronic, and
asymptomatic stages are classified. Acute disease is
characterized by hyperthermia concomitant with
severe decrease in the platelet number. The acute
episode usually subsides within a few days, then the
animal enters the chronic stage of disease
characterized by the recurrence of clinical cycles. If
clinical episodes are frequent, the animal may
develop classic clinical disease with anaemia, weight
loss, and oedema. In EIAV-infected equids, there is a
transition from a chronic to an asymptomatic state,
in which the animals remain free of clinical
symptoms, but remain infected for the rest of their
life (Leroux et al. 2004, Menzies & Patterson 2006,
More et al. 2008a, 2008b). Neurological disease
occurs sporadically in horses infected with the EIAV
(Oaks et al. 2004).

Differential diagnosis
The differential diagnosis includes various causes of
fever and anaemia (see p. 263).
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Diagnosis

Blood analysis might reveal thrombocytopenia, the
presence of band form neutrophils, elevated
bilirubin, elevated glutamate dehydrogenase
(GLDH) activity, anaemia, leukopenia, and
hypoalbuminaemia (More et al. 2008a, 2008b). The
diagnosis of EIA is based on demonstration of lesions
and the aetiological agent and/or seroconversion.
The ‘Coggins Test’ (a serological test based on agar
gel immunodiffusion (AGID) using p26 antigen) is
regarded as the standard diagnostic test for EIAV
infection (Leroux et al. 2004, More et al. 2008a,
2008b). However, both PCR and RT-PCR
demonstrate potential to detect acutely infected
horses earlier using plasma than some of the official
tests. In addition, ELISA is an excellent
premovement screening test for EIAV (Cullinane et
al. 2007). A single-band Western blot using
recombinant p26 capsid protein of EIAV is a reliable
confirmatory diagnostic tool to be used as a
complementary test after an ELISA or AGID test
yielding doubtful results (Alvarez et al. 2007).

Pathology

Horses that die in an acute haemolytic crisis
consistently show hepatosplenomegaly, icterus,
anaemia, and extensive haemorrhages. Mesenteric
lymphadenomegaly, subcutaneous oedema, anaemia,
and cachexia may be present in more chronic cases.
Microscopic  examination  reveals  systemic
perivascular  lymphocytic accumulations and
systemic reticuloendothelial cell hyperplasia. The
hepatic sinusoids are hypercellular with proliferated
haemosiderin-laden Kupffer cells, and varying
periportal lymphocytic infiltrates. The spleen
exhibits congested hypercellular sinusoids with
haemosiderin-laden macrophages and plasma cells.
Within the bone marrow increased or exhausted
haematopoiesis and haemosiderosis may be found.
In few cases a proliferative glomerulonephritis and
lymphocytic interstitial nephritis is observed.
Sporadically there may be an encephalomyelitis or a
lymphohistiocytic periventricular leucoencephalitis
(Jubb et al. 2007, McGavin & Zachary 2007). Viral
RNA and DNA were detected by RT-PCR and PCR
in all the tissues from the infected animals examined
post-mortem during the 2006 outbreak in Ireland
(Cullinane et al. 2007).

Management/Treatment

Treatment should not be attempted as EIA is a
reportable disease. EIAV-seropositive animals are
either euthanized or kept in quarantine for the rest of
their life depending on local regulations. EIAV
vaccine trials are encouraging, but correlates of
protection remain to be clearly defined yet (Leroux
et al. 2004, Mealey et al. 2007). Management also
relies on eradicating the haematophagous insects of
the Tabanidae family.

Public health significance
Not convincing yet.
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ROTAVIRUS
Family Reoviridae/Genus Rotavirus: linear double-
stranded RNA

Definition/Overview

Acute enteritis associated with diarrhoea in neonatal
foals can be caused by highly contagious rotaviruses.
Rotaviruses, a genus within the family Reoviridae,
are regarded as a major cause of diarrhoea in
neonatal foals in contrast to equine coronavirus. The
ubiquity of rotavirus infection should be considered
in diagnosis (Conner & Darlington 1980).

Aetiology

Rotaviruses are among the most important
aetiological agents of severe diarrhoeal illness in
humans and animals worldwide (Miller & Johne
2007). The double-stranded, nonenveloped RNA
rotaviruses are classified as a genus of the family
Reoviridae  further  subdivided as group
A. Worldwide, G3P[12] and G14P[12] are the most
prevalent equine rotavirus strains, and G3P[12]
vaccines have been developed for the prevention of
rotavirus-associated diarrhoea in foals (Browning et
al. 1992, Collins et al. 2008). Their genome,
consisting of 11 segments of double-stranded RNA,
is characterized by genetic variability including (i)
point mutations, (ii) genomic reassortment, and (iii)
genome rearrangements, thus leading to the
considerable diversity of rotaviruses (Miller &
Johne 2007).

Epidemiology

The presence of sufficient maternal antibodies
against the virus in the colostrum is important for
protective immunity. In a study scoring
Thoroughbred foals up to 3 months of age,
rotaviruses had a similar prevalence in all age
groups, with an overall prevalence of 37% among
diarrhoeic foals and, as a consequence, they are
regarded as significant pathogens. The prevalence of
cryptosporidia, potentially pathogenic Escherichia
coli, Y. enterocolitica, and C. perfringens was similar
in normal or diarrhoeic foals. Group A rotaviruses
and Aeromonas hydrophila showed a significantly
higher prevalence in diarrhoeic foals. A. hydrophila
had an overall prevalence of 9% among diarrhoeic
foals. No evidence was found of synergistic effects
between rotavirus, cryptosporidia and E. coli. Other
putative pathogens found at very low prevalence
were coronavirus, the putative picobirnavirus,
Campylobacter spp. and Salmonella spp. (Browning
et al. 1991). Rotavirus was also the most frequently

detected pathogen (20%) followed by C. perfringens
(18%), Salmonella spp. (12%), and C. difficile (5%)
in a population of hospitalized foals with diarrhoea;
the type of infectious agent identified in the faeces
or bacteraemia was not significantly associated with
survival (Frederick et al. 2009).

Pathophysiology

Transmission of rotaviruses is via the faecal-oral
route. Following infection, destruction of the
proximal part of the villi of the small bowel occurs,
leading to maldigestion and malabsorption. As a
consequence, diarrhoea is seen due to increased
osmolarity of the contents of the small bowel. The
profuse diarrhoea is wusually foul-smelling.
Replacement of destroyed proximal epithelial cells is
provided by proliferation of crypt cells. Hence, the
disease is usually self-limiting.

Incubation period

Colostrum-deprived, colostrum-fed, or suckling foals
were orally inoculated with foal rotavirus and
enterotoxigenic E. coli derived from a calf. Neither
agent given alone caused diarrhoea in foals aged 1
or 2 days, although with rotavirus, two of the three
inoculated foals became depressed 3 days after
inoculation and all three were excreting rotavirus in
their faeces (Tzipori et al. 1982). However, the
disease was produced in an experimental foal by
inoculation via stomach tube of a bacteria-free faecal
filtrate containing rotavirus (Conner & Darlington
1980).

Clinical presentation

Clinical signs include fever, depression, anorexia,
dehydration, and foul-smelling diarrhoea (235, 236)
(Tzipori & Walker 1978). There was an apparent
age-related resistance to rotavirus diarrhoea, which
developed between 2 and 3 weeks of age
independently of pre-inoculation maternal antibody
(Tzipori et al. 1982).

Differential diagnosis
The differential diagnosis includes various causes of
diarrhoea in foals (see p. 262).
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Diagnosis

Diagnosis usually depends on the detection of viral
antigen in the faeces using either ELISA or latex
agglutination assay combined with clinical signs. A
comparison of diagnostic tests for rotavirus in the
faeces showed electron microscopy (EM) and
polyacrylamide gel electrophoresis (PAGE) to have
similar sensitivity. The ELISA test kit was found to
have the same sensitivity as a combination of EM
and PAGE (Browning et al. 1991). Furthermore, a
nested RT-PCR for the detection and identification
of group A rotaviruses in faeces is a powerful
diagnostic tool and has been shown to be applicable
to rotaviruses of different origin, including equine
and human sources (Elschner et al. 2002). A recent
study also indicated very good agreement between
detection of rotavirus by ELISA and by electron
microscopy (k = 0.88) in hospitalized foals with
diarrhoea. Using EM as the gold standard, rotavirus
ELISA had a sensitivity of 91 %, specificity of 98 %,
and accuracy of 96% (Frederick et al. 2009). In
addition, an RT loop-mediated isothermal
amplification (RT-LAMP) has been applied to
detection of equine rotavirus (Nemoto et al. 2010).

Pathology

Pathology is associated with replicating virus in the
small intestinal epithelial cells and villous atrophy
(Conner & Darlington 1980).

Management/Treatment

Although rotavirus enteritis is usually self-limiting,
treatment of diseased foals is supportive, especially
with regard to diarrhoea (Jones et al. 1989). Given
the fact that rotavirus is frequently excreted via the
faeces of clinically normal foals and the virus is
highly resistant to external factors and can survive
for several months in the environment, adequate
hygiene is of utmost importance. An inactivated
virus vaccine is available against equine rotaviruses
for use in pregnant mares in order to improve foal
protective immunity.

In comparison, nitazoxanide is a thiazolide anti-
infective for treating diarrhoea caused by
Cryptosporidium parvum and Giardia lamblia in
humans. Interestingly, a 3-day course of
nitazoxanide significantly reduced the duration of
rotavirus disease in hospitalized paediatric patients
(Rossignol et al. 2006).

Public health significance
Reciprocal cross-neutralization studies showed
antigenic similarities between animal and human

235, 236 Foul-smelling diarrhoea due to the highly contagious
rotavirus enteritis.

strains  including a newly defined fifth
human serotype (Albert et al. 1987). In addition,
human isolates failed to infect gnotobiotic calves and
lambs (Tzipori et al. 1980) in contrast to viral
isolates from foals (Tzipori & Walker 1978).
Zoonotic transmission cannot be excluded (Steyer et
al. 2008, Mukherjee et al. 2009) as animal
rotaviruses are regarded as a potential reservoir for
genetic exchange with human rotaviruses. There is
now increasing evidence that animal rotaviruses can
infect humans, either by direct transmission of the
virus or by contributing one or several genes to
reassortants with essentially a human strain genetic
background (Miller & Johne 2007).
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RABIES

Order Mononegavirales/Family Rhabdo-
viridae/Genus Lyssavirus: linear, negative-sense,
single-stranded RNA

Definition/Overview

Rabies is a lethal viral infection of the CNS
transmitted by salivary contamination of a bite
wound. Horses are moderately susceptible to rabies
and rabid horses may serve as a source of infection
for humans.

Aetiology

The aetiological agent is the rabies virus, an
enveloped,  nonsegmented  negative-stranded
neurotropic RNA virus classified in the virus family
Rhabdoviridae (Mononegavirales order) belonging
to the genus Lyssavirus. Lyssaviruses comprise six
distinct genotypes.

Epidemiology

Rabies is primarily a disease that affects and is
maintained by wildlife populations. The wildlife
species most frequently reported rabid are bats,
raccoons, skunks, and foxes. Rabies in bats is
epidemiologically distinct from terrestrial rabies
maintained by carnivores (Krebs et al. 2002). During
2009, within the USA 6,690 rabid animals and four
human rabies cases were reported, representing a
2.2% decrease from 2008. Approximately 92% of
reported rabid animals were wildlife. Compared
with 2008, numbers of rabid raccoons and bats that
were reported decreased, whereas numbers of rabid
skunks, foxes, cats, cattle, dogs, and horses that were
reported increased (Blanton et al. 2010).

Pathophysiology

The neurotropic virus enters the body via salivary
contamination of a bite wound. The virus replicates
at the site of the bite in striated muscle cells followed
by infection of the CNS via an ascending wave of
peripheral nerve infection. Rabies virus is shed
predominantly via saliva.

Incubation period

Average incubation period was 12.3 days and
average morbidity was 5.5 days. Naive animals had
significantly shorter incubation and morbidity
periods as compared with test-vaccinated horses
(Hudson et al. 1996). Bites on the head usually result
in a reduced incubation period as compared to bites
on the extremities.

Clinical presentation

The clinical signs are variable and include fever,
anorexia, ptyalism, teeth grinding, pica, ataxia, colic,
hyperaesthesia, somnolence, frequent whinnying,
automutilation (237), and aggressive behaviour. The
clinical signs can present with either a silent form or
a furious form dominant. Muzzle tremors were the
most frequently observed (81%) and most common
initial sign following experimentally induced rabies
in horses. Other common signs were pharyngeal
spasm or pharyngeal paresis (71%), ataxia or paresis
(71%), and lethargy or somnolence (71%). The
furious form was manifested in 43% of rabid horses
and some of these furious animals initially
manifested the silent form. The paralytic form was
not observed following experimentally induced
rabies (Hudson et al. 1996). Death usually occurs
within 1 week — sometimes as early as 12 hours —
after onset and is preceded by (respiratory) paralysis
(Green 1997).

Differential diagnosis
The differential diagnosis predominantly includes
various causes of acute neurological disease (see p.

262).

Diagnosis

The rabies virus is mainly contained in the saliva of
animals, but tears, urine, serum, liquor, and other
body fluids may be infectious as well. There is no
chance of treatment after the onset of clinical
symptoms (Haupt 1999). Ante-mortem laboratory
assessments are of limited diagnostic value as
negative serology does not preclude rabies as a
possible diagnosis. Isolation of the rabies virus in
equine salivary glands demonstrated the potential
risk for humans exposed to infected animals
(Carrieri et al. 2006).
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Pathology

Histological lesions of rabies virus induced
nonsuppurative encephalomyelitis. Ganglioneuritis of
paravertebral ganglia may consist of perivascular
lymphocytic cuffs, neuronal degeneration, and
necrosis accompanied by focal microglial nodules.
The severity of these changes may vary and may be
scant to absent. Typically there may be presence of
Negri bodies in ganglion cells and neurons within the
CNS (238). In addition, immunohistochemistry of the
CNS and cornea might show rabies virus. Analysis
by FAT showed that there was a greater amount of
viral antigen in the brainstem and cervical medullar
tissues than in the hippocampus, cortical and
cerebellar tissues when transmitted by the vampire
bat, Desmodus rotundus (Carrieri et al. 2006). The
best sites for rabies virus detection in horses are the
cervical spinal cord and adjacent brainstem (Stein et
al. 2010).

Management/Treatment

Horses with a tentative diagnosis of rabies should be
isolated to prevent possible human exposure.
Treatment should not be attempted as the virus has
important public health significance and rabies is a
reportable disease. However, an effective veterinary
post-exposure prophylaxis (PEP) protocol for
unvaccinated domestic animals exposed to rabies
was shown to be immediate vaccination against
rabies, a strict isolation period of 90 days, and
administration of booster vaccinations during the
third and eighth weeks of the isolation period
(Wilson et al. 2010).

The most effective method of preventing the
entry of rabies into an area free of the disease is the
imposition of a quarantine period of about
6 months. For prevention of disease, preference is
given to killed rabies vaccines in order to reduce the
risk of potential virus spread as in the case of
modified live virus vaccine.

Healthy aged horses generated a primary
immune response to a killed rabies vaccine similar
to that of younger adult horses. Horses receiving a
booster rabies vaccine (4 weeks after initial vaccine)
had titres >0.5 IU at 8 weeks after initial
vaccination, although 28% of these horses had
serum titres below this level at 24 weeks. As a
consequence, the current rabies vaccination label
recommendation of a single dose being admini-
stered on primary vaccination may need to be
reconsidered (Muirhead et al. 2008).

Successful control of terrestrial rabies through
the use of oral vaccines will have no effect on
enzootic rabies in bats and the associated risk of
human disease (Krebs et al. 2002).
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237 Automutilation is among the clinical signs associated with
rabies.

238 Rabies. Micrograph of central nervous tissue in which
three neuron cell bodies contain several round to oval
eosinophilic rabies viral inclusion bodies or Negri bodies
(arrows). Inflammatory and degenerative changes are not
depicted here but can consist of perivascular lymphocytic
cuffs, neuronal degeneration, and necrosis accompanied by
focal microglial nodules. Rhabdoviridae, rabies virus. (H&E
stain. Bar 20 um.)
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Public health significance

Rabies has important public health significance
(239) and is a reportable disease causing
approximately 50,000 to 100,000 deaths per year
worldwide. Most deaths occur in developing
countries. Dogs are the major vector, especially in
developing countries (Leung et al. 2007). PEP is
indicated when a person is bitten by a rabid animal.
Most of the persons (94%) who received PEP after
contact with a rabid pony had an exposure for which
PEP was indicated (Feder et al. 1998). Australian bat
lyssavirus (ABL) is closely related genetically to
rabies virus. Both the clinical manifestations and
pathological changes of ABL infection in the human
cases were very similar to those of rabies, with
meningoencephalomyelitis and neuronal
intracytoplasmic inclusions. Rabies vaccine and
immunoglobulin offer significant protection against
ABL (McCormack & Allworth 2002).
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239 Rabies has important public health significance as
illustrated by this sign in French.

VESICULAR STOMATITIS VIRUS

Order Mononegavirales/Family
Rhabdoviridae/Genus Vesiculovirus: linear,
negative-sense, single-stranded RNA

Definition/Overview
An acute painful vesicular stomatis can be caused by
vesicular stomatitis virus (VSV).

Aetiology

The aetiological agent is VSV, an enveloped,
nonsegmented negative-stranded RNA  virus
classified in the genus Vesiculovirus of the family
Rhabdoviridae (Mononegavirales order) to which
cattle and swine are also susceptible. In the USA,
outbreaks have been associated with two
genotypically and serologically distinct serotypes:
vesicular stomatitis New Jersey virus (VSNJV) and
vesicular stomatitis Indiana virus (VSIV) (McCluskey
& Mumford 2000, Howerth et al. 2006, Lee et al.
2009) with similar findings between the two viruses
(Howerth et al. 2006). However, there is evidence
that some outbreaks of equine stomatitis are caused
by as yet unidentified infectious agents (McCluskey
& Mumford 2000).

Epidemiology

Vesicular stomatitis outbreaks of unknown origin
occur at 8-10-year intervals in the Southwestern
USA resulting from the introduction of viral strains
from endemic areas in Mexico (Rainwater-Lovett et
al. 2007). Seroprevalence was 37% for horses and
15% for cattle following the 1995 epidemic
(Mumford et al. 1998).

Pathophysiology

The virus enters the body via mucous membranes
and abrasions of the skin. Transmission may occur
by direct contact or via mosquitoes. Detection of
viral RNA from tonsil and lymph nodes of the head
at necropsy suggests that these tissues play a role in
the pathogenesis of the disease (Howerth et al.
2006).
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Incubation period

Horses inoculated with VSNJV developed primary
lesions at the site of inoculation as early as post-
inoculation day 1 (swelling and blanching of the area
due to early vesicle formation) following
intraepithelial/subepithelial injection of the tongue
and as early as post-inoculation day 2 after applying
the virus to a scarified area on the oral mucosa
(reddening, superficial necrosis, and erosion). By
post-inoculation day 2, horses inoculated in the
tongue had large ruptured vesicles in which the
dorsal tongue epithelium was separated from the
underlying submucosa and eventually sloughed,
leaving a reddened superficial ulcer with ragged
margins (Howerth et al. 2006).

Clinical presentation

Clinical signs include fever, depression, anorexia,
excessive salivation associated with the formation of
vesicles in the oral cavity, followed by ulceration.
Formation of vesicles is also possible on the prepuce,
the udder, and the coronary band. The latter is
associated with lameness (Green 1993, McCluskey
& Mumford 2000, Howerth et al. 2006). However,
some horses never stopped eating. Rectal
temperatures were rarely elevated above 39.0°C and
never above 40.0°C following inoculation. All
lesions had evidence of healing by post-inoculation
day 12 (Howerth et al. 2006).

Differential diagnosis
Physical trauma, dietary factors, certain toxins,
immune-mediated disorders, and VSV infection are

known causes of stomatitis in horses (McCluskey &
Mumford 2000).

Diagnosis

Viral shedding was most often from the oral cavity,
followed by the nasal cavity; titres were highest
from oral cavity samples. Virus was rarely isolated
from the conjunctival sac and never from faeces or
blood (Howerth et al. 2006). The definitive
diagnosis is made by virus isolation and/or the
presence of seroconversion using two serum
samples collected 10-14 days apart. A blocking
ELISA using glycoprotein (GP ELISA) exhibited
99.6% specificity for naive sera from horses from
domestic farms. This GP ELISA could be a useful
tool as an alternative to the VN test for detecting
antibodies specific to VSV (Lee et al. 2009). Serum-
neutralizing antibodies were first detected on
post-inoculation days 6-12, depending on the virus
and inoculation group, and increased over time
(Howerth et al. 2006). In addition, a real-time PCR
is available with a clinical sensitivity and specificity
of 83% and 99%, respectively (Wilson et al. 2009).

Pathology

Intercellular oedema (spongiosis) of the stratum
spinosum and dissociation of keratinocytes leads to
vesicle formation. At post-mortem examination
(post-inoculation days 12-15), lesions were healing,
were not vesicular, and did not contain detectable
virus by isolation, RT-PCR, or immuno-
histochemistry. Numerous infiltrating lymphocytes
and plasma cells in the lamina propria suggested that
lesion resolution was partially due to local immunity.
Virus was not isolated from retropharyngeal lymph
node, mandibular lymph node, tonsil, or residual
lesion tissue obtained at necropsy on post-
inoculation days 12-15 (Howerth et al. 2006).

Management/Treatment

Vesicular stomatitis is a reportable disease. A DNA
vaccine that expressed the glycoprotein (G) gene of
VSNJV may become a useful tool for control of this
disease in cattle and horses (Cantlon et al. 2000).

Public health significance

Vesicular stomatitis is a zoonosis similar to foot-and-
mouth disease that can likewise affect humans with
similar clinical manifestations, in which the presence
of aphthae is highly suggestive (Lopez-Sanchez et al.
2003).
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EASTERN EQUINE ENCEPHALOMYELITIS
VIRUS

Family Togaviridae/Genus Alphavirus: linear
positive-sense, single-stranded RNA

Definition/Overview
An acute, rapidly progressive, fatal neurological
disease can be caused by eastern equine

encephalomyelitis virus (EEEV) (Peters & Dalrymple
1990). The transmission of the virus is by
mosquitoes to vertebrates and back to mosquitoes.
In wild and domestic birds, rodents, and primates,
the virus induces transient viraemia without clinical
signs. However, EEEV causes clinical disease in
horses, deer, swine, and humans, which are
presumed to be dead-end hosts. Transmission occurs
throughout the year in subtropical areas. The
overwintering mechanism for EEEV is unknown
(Peters & Dalrymple 1990, Weaver et al. 1991).

Aetiology

The equine encephalomyelitis viruses (EEVs) are
members of the genus Alphavirus, in the family
Togaviridae. Three main virus serogroups
represented by western (WEEV), eastern (EEEV) and
Venezuelan equine encephalomyelitis (VEEV) viruses
cause epizootic and enzootic infection of horses
throughout the western hemisphere. All EEVs are
transmitted through the bite of an infected mosquito
(Roehrig 1993). It is important to note the
distinction between four genetic lineages: one that
circulates in North America (NA EEEV) and the
Caribbean, and three that circulate in Central and
South America (SA EEEV) (Brault et al. 1999, Arrigo
et al. 2010). Estimates of time since divergence vary
widely depending upon the sequences used, with NA
and SA EEEV diverging ca. 922 to 4,856 years ago
and the two main SA EEEV lineages diverging ca.
577 to 2,927 years ago. The single, monophyletic
NA EEEV lineage exhibits mainly temporally
associated relationships and is highly conserved
throughout its geographic range. In contrast, SA
EEEV comprises three divergent lineages, two
consisting of highly conserved geographic groupings
that completely lack temporal associations.
A phylogenetic comparison of SA EEEV and VEEV
demonstrated similar genetic and evolutionary
patterns, consistent with the well-documented use of
mammalian reservoir hosts by VEEV (Arrigo et al.
2010).

North American strains of EEEV are considered
to be more virulent than South American strains of
EEEV, which are rarely associated with human
illness (Scott & Weaver 1989). Members of the
genus Alphavirus have a spherical, enveloped virion
60-65 nm in diameter and possess a single-
stranded, positive-sense RNA genome of over
11,000 nucleotides in length (Johnston & Peters
1996). It has been suggested that NA and SA EEEV
should be reclassified as distinct species in the EEEV
complex (Arrigo et al. 2010).

Epidemiology

The natural transmission cycles of WEEV and EEEV
involve a variety of mosquito and avian species.
Unusually, WEEV and EEEV can be transmitted
from avian hosts to equines, free-ranging white-
tailed deer, and humans, which are presumed to be
dead-end hosts (Johnston & Peters 1996, Schmitt et
al. 2007). The majority of EEEV activity has
occurred in the Eastern USA (Johnston & Peters
1996, Larkin 2010) and Canada (Chénier et al.
2010) within the geographic range of Culiseta
melanura, the primary mosquito vector of NA EEEV
(Johnston & Peters 1996). Seroprevalence against
EEE virus was 47% for horses during the 1980
epizootic in Michigan (McLean et al. 1985).

Pathophysiology

As an arbovirus it is transmitted by arthropods.
Following replication at the site of infection and
haematogenous spread it may cross the blood-brain
barrier, causing encephalitis.

NA  EEEV-infected common  marmoset
(Callithrix jacchus) either died or were euthanized
due to neurological signs, but SA EEEV-infected
animals remained healthy and survived. The latter
infected animals developed viraemia in contrast to
the NA EEEV-infected animals. In contrast, virus
was detected in the brain, liver, and muscle of the
NA EEEV-infected animals only (Adams et al.
2008).

Incubation period

Not established in the equine species yet, but perhaps
3 days as reported in Venezuelan equine
encephalomyelitis (Fine et al. 2007).

Clinical presentation

Clinical signs show a spectrum of disease ranging
from inapparent/subclinical to acute (lethal)
encephalitis. No pathognomonic clinical signs
distinguish EEEV from either WEEV or VEEV
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infection. The overall incidence of eastern equine
encephalomyelitis was estimated as 17%, with a
case-fatality rate of 61% during the 1981 epizootic
in Argentina (Sabattini et al. 1991). Following
recovery, residual neurological signs are sometimes
seen as sequelae.

Differential diagnosis

The differential diagnosis predominantly includes
various causes of acute neurological disease (see p.
262).

Diagnosis

No pathognomonic clinical signs distinguish EEEV
from either WEEV or VEEV infection. Definitive
diagnosis of the disease requires serology and/or
virus isolation from blood and CSE. Traditionally,
the identification of alphaviruses from mosquitoes
and vertebrate tissues was achieved by inoculation
of cell culture or suckling mouse brain, followed by
identification of an isolate by IFAs. However, while
these methods are reliable, they are also time-
consuming and cannot be used in laboratories that
do not have cell culture or animal use capabilities
(Lambert et al. 2003). Nucleic acid sequence-based
amplification (NASBA), standard RT-PCR, and
TagMan nucleic acid amplification assays are valid
for the rapid detection of NA EEEV RNA. The
standard RT-PCR assay for the detection of NA
EEEV RNA detected <1 plaque-forming unit (PFU)
of virus, whereas the NASBA and TagMan assays
were 10 times more sensitive, detecting <0.1 PFU of
virus (Lambert et al. 2003). Furthermore, specific
(including all known alphavirus species) and
sensitive RT-PCR assays have been developed for the
detection of EEEV, WEEV, and VEEV (Linssen et al.
2000). EEEV may also be isolated from the intestine
and detected by DNA in situ hybridization
(Poonacha et al. 1998).

Pathology

The primary lesions of EEEV infection in the horse
are limited to the grey matter of brain and spinal
cord, and consist of widespread areas of perivascular
lymphomonocytic cuffing, focal areas of necrosis,
neutrophilic infiltration, haemorrhage, neuronal
degeneration, and microgliosis. Intestinal lesions in
addition to changes in the CNS were found in a 6-
month-old male Tennessee Walking horse.
Microscopic lesions in the small intestine were
mainly in the muscular layer and consisted of
multifocal ~ areas  of  myonecrosis  and
lymphomonocytic infiltration, with a few focal areas

of mild fibrous connective tissue proliferation.
Occasional focal mild perivascular lymphocytic
infiltration was observed in the submucosa. Hepatic
changes consisted of periportal lymphocytic
infiltration and mild vacuolar degeneration of
hepatocytes. However, association with inadequate
inactivation of vaccine virus could not be excluded
(Poonacha et al. 1998).

Management/Treatment

Treatment of diseased horses is supportive. Control
can be achieved by vector control and vaccination.
Cross-protective immunity between EEEV or WEEV
and VEEV has been demonstrated. Challenge
infection with an equine pathogenic (epizootic) strain
of VEEV produced 40% mortality in WEEV-
seropositive equids, whereas all EEEV-seropositive
equids survived (Walton et al. 1989). Inactivated
vaccines are used to prevent equine infections with
EEEV (Roehrig 1993). Of the horses given annual
vaccination with bivalent WEEV and EEEV, 57%
retained detectable serum neutralizing (SN) antibody
titres for VEEV 18 months after the initial VEEV
vaccination was given. In horses previously
vaccinated against WEEV-EEEV and VEEYV, the best
SN antibody response to VEEV revaccination
occurred when VEEV vaccine was given
simultaneously with the bivalent WEEV-EEEV
vaccine (Vanderwagen et al. 1975). Significant
EEEV-specific antibody responses were generated
over the entire period of 6 months by vaccines using
different adjuvant preparations (carbopol and
squalene/surfactants, respectively). However, the
carbopol-based EEEV vaccine was most effective
(Holmes et al. 2006).

Public health significance

EEEV produces the most severe human arboviral
disease in North America (Adams et al. 2008).
Surveillance for the presence of NA EEEV and
WEEV in vector mosquitoes is used to assess the risk
of epizootic and epidemic activity. Public health
efforts include mosquito control programs and
education campaigns that can be implemented to
decrease the likelihood of virus transmission to
vulnerable vertebrate hosts (Lambert et al. 2003).
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WESTERN EQUINE ENCEPHALOMYELITIS
VIRUS

Family Togaviridae/Genus Alphavirus: linear
positive-sense, single-stranded RNA

Definition/Overview

An acute, rapidly progressive neurological disease of
horses and humans (presumed to be dead-end hosts),
caused by western equine encephalomyelitis virus
(WEEV) transmitted through the bite of an infected
mosquito.

Aetiology

The EEVs are members of the genus Alphavirus, in
the family Togaviridae. Three main virus serogroups
represented by western (WEEV), eastern (EEEV),
and Venezuelan equine encephalomyelitis (VEEV)
viruses cause epizootic and enzootic infection of
horses throughout the western hemisphere. All EEVs
are transmitted through the bite of an infected
mosquito (Roehrig 1993). Members of the genus
Alphavirus have a spherical, enveloped virion 60-65
nm in diameter and possess a single-stranded,
positive-sense RNA genome of over 11,000
nucleotides in length (Johnston & Peters 1996).

Epidemiology

The natural transmission cycles of WEEV and EEEV
involve a variety of mosquito and avian species.
Unusually, WEEV and EEEV can be transmitted
from avian hosts to equines and humans, which are
presumed to be dead-end hosts (Johnston & Peters
1996). The majority of WEEV activity has occurred
in the western USA, where Culex tarsalis is the
primary mosquito vector of WEEV (Johnston &
Peters 1996, Janousek & Kramer 1998). C. tarsalis
can travel distances of 1250-1350 km in 18-24 h at
heights up to 1.5 km with temperatures greater than
or equal to 13°C. Landing takes place where the
warm southerly winds meet cold fronts associated
with rain (Sellers & Maarouf 1988). A WEEV
seroprevalence of 1.2% (EEEV 6.7%) has been
reported in equines of the Brazilian Pantanal area,
where undiagnosed horse deaths are frequently
observed (Iversson et al. 1993). One epizootic cycle
of WEEV was illustrated as follows: pre-epizootic
silence (1977-1980), epizootic (1982-1983), and
residual focus plus inapparent infections during the
post-epizootic period (1983-1986) (Aviles et al.
1993).

Pathophysiology

As an arbovirus it is transmitted by arthropods.
Following replication at the site of infection and
haematogenous spread it may cross the blood-brain
barrier causing encephalitis. For WEEV, the
viraemia level usually correlates with the strain
virulence in each animal host (Bianchi et al. 1997).

Incubation period
Not established in the equine species yet, but perhaps
3 days as reported in VEEV (Fine et al. 2007).

Clinical presentation

Clinical signs show a spectrum of disease
ranging from subclinical to acute (lethal)
encephalitis. No pathognomonic clinical signs
distinguish WEEV from either EEEV, VEEV, or
Highlands J virus (HJV) (Karabatsos et al. 1988)
infections. Many horses develop subclinical
infections (Potter et al. 1977). Following recovery,
residual neurological signs are sometimes seen as
sequelae.

Differential diagnosis
The differential diagnosis predominantly includes
various causes of acute neurological disease (see p.

262).

Diagnosis

No pathognomonic clinical signs distinguish WEEV
from either VEEV or EEEV infection. Definitive
diagnosis of the disease requires serology (Calisher
et al. 1986) and/or virus isolation from blood and
CSE. Traditionally, the identification of alphaviruses
from mosquitoes and vertebrate tissues was achieved
by inoculation of cell culture or suckling mouse brain
followed by identification of an isolate by IFAs.
However, while these methods are reliable, they are
also time-consuming and cannot be used in
laboratories that do not have cell culture or animal
use capabilities (Lambert et al. 2003). Serological
tests confirmed infection in 44%
(haemagglutination-inhibition), 56 % (complement-
fixation), and 80% (neutralizing antibody) of WEEV
infected horses. Use of the latter test as an adjunct
to the HI and CF tests increased the likelihood of
serological confirmation to 92% (Calisher ez al.
1983).
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Nucleic acid sequence-based amplification,
standard RT-PCR, and TagMan nucleic acid
amplification assays are valid for the rapid
detection of WEEV RNA. The standard RT-PCR
assay for the detection of WEEV RNA detected
<100 PFU of virus, whereas the NASBA assay was
10 times more sensitive, detecting <10 PFU of virus.
The TagMan assay for the detection of WEEV RNA
was 100 times more sensitive than the NASBA assay
and 1,000 times more sensitive than the standard
RT-PCR assay, detecting <0.1 PFU of WEEV
(Lambert er al. 2003). Furthermore, specific
(including all known alphavirus species) and
sensitive RT-PCR assays have been developed for
the detection of EEEV, WEEV, and VEEV (Linssen
et al. 2000).

Pathology

Histological lesions are those of a nonsuppurative
encephalitis of the cerebral cortex grey matter
and include a narrow lymphocytic perivascular
cuffing, microgliosis, varying infiltrates of
neutrophils, and neuronal degeneration. Endothelial
cells may be swollen with intravascular thrombi and
perivenular haemorrhages and oedema (Jubb et al.
2007).

Management/Treatment

Treatment of diseased horses is supportive. Control
can be achieved by vector control and vaccination.
Inactivated vaccines are used to prevent equine
infections with WEEV (Roehrig 1993). Cross-
protective immunity between EEEV, WEEV, and
VEEV has been demonstrated. Challenge infection
with an equine pathogenic (epizootic) strain of
VEEV produced 40% mortality in WEEV-
seropositive equids, whereas all EEEV-seropositive
equids survived (Walton ez al. 1989). In addition, the
serological response of previously vaccinated horses
to revaccination against EEEV and WEEV showed
variable results to each antigen. Geometric mean
titres peaked 2 weeks after revaccination and were
significantly increased from before revaccination.
However, some horses had low or undetectable
antibody titres 6 months after vaccination, whereas
some horses did not develop increasing titres to
EEEV or WEEV despite recent vaccination. Regular
vaccination against EEEV and WEEV did not
interfere with testing for Saint Louis encephalitis
virus (Waldridge et al. 2003).

Public health significance

Encephalitic alphaviruses, i.e. WEEV, EEEV, VEEV
and, more rarely, Ross River virus, Chikungunya
virus and HJV, are neuroinvasive and may cause
neurological symptoms ranging from mild (e.g.
febrile illness) to severe (e.g. encephalitis) in humans
(Zacks & Paessler 2010). EEEV produces the most
severe human arboviral disease in North America
(Adams et al. 2008). WEEV might also cause a fatal
infection of the CNS in humans. However, neither
human vaccine nor antiviral drug is available for
WEEV infection (Barabé et al. 2007). The incidence
of WEEV infection in humans peaked during the
mid-20th century and has declined to fewer than 1-
2 human cases annually during the past 20 years,
associated with ecological factors rather than a
decline in virulence (Forrester et al. 2008).
Surveillance for the presence of NA EEEV and
WEEYV in vector mosquitoes is used to assess the risk
of epizootic and epidemic activity. Public health
efforts include mosquito control programs and
education campaigns that can be implemented to
decrease the likelihood of virus transmission to
vulnerable vertebrate hosts (Lambert et al. 2003).
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VENEZUELAN EQUINE
ENCEPHALOMYELITIS VIRUS

Family Togaviridae/Genus Alphavirus: linear
positive-sense, single-stranded RNA

Definition/Overview

Venezuelan equine encephalomyelitis (VEE) is an
acute (lethal) encephalitis in horses and humans
caused by Venezuelan equine encephalomyelitis virus
(VEEV) complex strains, opportunistic in their use
of mosquito vectors with equines as highly efficient
amplification hosts. In contrast to VEEV, both EEEV
and WEEV are maintained by a bird/mosquito cycle
(Gibbs 1976). VEE is an emerging infectious disease
(Sharma & Maheshwari 2009). Horses with a
tentative diagnosis of VEE should be isolated to
prevent possible human exposure as a high-titre
viraemia occurs with VEEV in the horse (Gibbs
1976).

Aetiology

The EEVs are members of the genus Alphavirus, in
the family Togaviridae. Three main virus serogroups
represented by western (WEEV), eastern (EEEV) and
VEEV cause epizootic and enzootic infection of horses
throughout the western hemisphere. All EEVs are
transmitted through the bite of an infected mosquito
(Roehrig 1993).

Of the New World alphaviruses, VEEV is the
most important human and equine pathogen
(Weaver et al. 2004b). Togaviruses are small,
enveloped RNA viruses. The VEEV complex now
comprises 14 subtypes and varieties and includes
seven different virus species (van Regenmortel ez al.
2000). Genetic studies imply that mutations in the
E2 envelope glycoprotein gene are major
determinants of adaptation to both equines and
mosquito vectors (Weaver et al. 20044). A small
number of envelope gene mutations can generate an
equine amplification-competent, epizootic VEEV
from an enzootic progenitor, which underscores the
limitations of small animal models for evaluating
and predicting the epizootic phenotype (Greene et
al. 2005). RNA viruses including alphaviruses
exhibit high mutation frequencies. Therefore,
ecological and epidemiological factors probably
constrain the frequency of VEE epidemics more
than the generation, via mutation, of amplification-
competent (high equine viraemia) virus strains
(Anishchenko et al. 2006).

Epidemiology
VEEV has caused periodic outbreaks of febrile and
neurological disease primarily in Latin America.
Epizootic subtype IAB and IC viruses may be more
virulent for both humans and equines. A feature
common to all major outbreaks is the role of equines
as highly efficient amplification hosts. Although the
vertebrate host range of epizootic VEEV strains is
wide and includes humans, sheep, dogs, bats, rodents
(e.g. Liomys salvini, Oligoryzomys fulvescens,
Oryzomys couesi, and Sigmodon hispidus), and
some birds, major epidemics in the absence of equine
cases have never occurred. Although epizootic VEEV
strains are opportunistic in their use of mosquito
vectors, the most widespread outbreaks appear to
involve specific adaptation to the black salt marsh
mosquito (Ochlerotatus taeniorhynchus), the most
common vector in many coastal areas. In contrast,
enzootic VEEV strains are highly specialized and
appear to utilize vectors exclusively in the Spissipes
section of the Culex (Melanoconion) subgenus
(Weaver et al. 2004b, Deardorff et al. 2009).
Follow-up after the major 1995 VEE epizootic/
epidemic in Western Venezuela revealed natural
post-epizootic persistence of genetically stable
subtype virus strains (Navarro et al. 2005).

Pathophysiology

As an arbovirus it is transmitted by arthropods.
Following replication at the site of infection and
haematogenous spread it may cross the blood-brain
barrier causing encephalitis. The mechanisms
underlying the host immune response to VEEV
infection in the brain are not fully understood. The
upregulation of Toll-like receptors and associated
signalling genes following VEEV infection of the
brain has important implications for how VEEV
induces inflammation and neurodegeneration
(Sharma & Maheshwari 2009). Furthermore, VEEV
capsid protein inhibits nuclear import in mammalian
but not in mosquito cells (Atasheva et al. 2008).

Incubation period

Horses challenged SC with VEE Trinidad donkey
strain became viraemic and showed classical signs of
VEE beginning on day 3 post-inoculation (Fine et al.
2007).
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Clinical presentation

In equines, VEEV causes a spectrum of
disease ranging from subclinical to acute
(lethal) encephalitis. Clinical signs include fever,
tachycardia, depression, and anorexia. Most animals
go on to develop encephalitis 5-10 days after
infection, with signs of circling, ataxia, pruritis, and
hyperexcitability. Death usually occurs about 1 week
after experimental infection. Encephalitis and death
correlate with the magnitude of equine viraemia, but
even equine avirulent enzootic strains produce lethal
encephalitis when inoculated intracerebrally (Walton
et al. 1973, Johnson & Martin 1974, Gibbs 1976,
Wang et al. 2001, Weaver et al. 2004a, Fine et al.
2007). Equine mortality rates during epizootics have
been estimated at 19-83% (Johnson & Martin
1974). In 1993, a VEEV (subtype IE) outbreak of
encephalitis among equids in coastal Chiapas,
Mexico, resulted in a 50% case-fatality rate
(Deardorff et al. 2009). Following recovery, residual
neurological signs are sometimes seen as sequelae.

Differential diagnosis

The differential diagnosis predominantly includes
various causes of acute neurological disease (see p.
262).

Diagnosis

No pathognomonic clinical signs distinguish VEEV
from either WEEV or EEEV infection. Definitive
diagnosis of the disease requires serology and/or
virus isolation from blood and CSE Specific
(including all known alphavirus species) and
sensitive RT-PCR assays have been developed for the
detection of EEEV, WEEV, and VEEV (Linssen et al.
2000). Chimaeric viruses have been produced
efficiently in cell culture and were as effective as the
parental virus for identifying infection in humans,
horses, and rodents in serological assays, e.g. PRNT,
HI assay, and CF test, thereby not requiring bio-
safety level 3 facilities (Ni et al. 2007).

Pathology

Pathology reveals oedema and haemorrhage of the
CNS, with similar histological lesions to WEEV and
EEEV of a nonsuppurative encephalitis of the
cerebral cortex grey matter with neuronal
degeneration (Jubb et al. 2007).

Management/Treatment

Horses with a tentative diagnosis of VEE should be
isolated to prevent possible human exposure.
Treatment of diseased horses is supportive. Control
can be achieved by vector control and vaccination
(Baker et al. 1978, Weaver et al. 2004b). Currently,
both live and inactivated versions of a live-
attenuated strain (TC-83) are used to vaccinate
equines. The live-attenuated version (Baker et al.
1978, Ferguson et al. 1978) is far superior in areas of
Latin America at high risk for VEE outbreaks owing
to the faster and longer lasting immunity elicited
(probably lifetime) (Weaver et al. 2004a). In
addition, a new live-attenuated virus (V3526)
derived by site-directed mutagenesis from a virulent
clone intended for human use in protection against
VEEV has been shown to be safe and efficacious in
protecting horses (Fine et al. 2007). However, pre-
existing antibody to EEEV and/or WEEV may
modify or interfere with infection by VEEV (Calisher
et al. 1973).

Public health significance

One of the largest VEE epizootics and epidemics on
record, involving an estimated 75,000-100,000
people associated with an estimated human
mortality rate of about 0.5%, occurred in 1995 in
Venezuela and Colombia (Weaver et al. 1996).
VEEV represents a continuous public health threat
in the USA. It has the ability to cause fatal disease in
humans and in horses and other domestic animals
(Atasheva er al. 2008).
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GETAH VIRUS and ROSS RIVER VIRUS:
ROSS RIVER VIRUS and SAGIYAMA VIRUS
Family Togaviridae/Genus Alphavirus: linear
positive-sense, single-stranded RNA

Definition/Overview

These viruses cause an acute febrile disease
associated with limb oedema and urticarial rashes,
especially caused by Getah virus.

Aetiology

Getah virus is an RNA virus and a member of the
Alphavirus genus of the family Togaviridae. It is
maintained in a cycle between mosquitoes and
various vertebrate hosts (Marchette et al. 1978).
Sagiyama virus and Ross River virus (RRV) are other
members of the Alphavirus genus (Kumanomido et
al. 1988, Jones et al. 2010). The difference in the
capsid region is a useful marker in the genetic
classification of Sagiyama virus and strains of Getah
virus, and might be responsible for the serological
difference in the CF test. The genomic differences
among the Getah virus strains are due to time factor
rather than geographical distribution (Wekesa et al.
2001).

Epidemiology

Getah virus is widely distributed in Southeast Asia
(Brown & Timoney 1998). Seroepizootiological
studies indicate that the virus ranges from Eurasia to
Southeast and far Eastern Asia, the Pacific islands,
and Australasia (Fukunaga et al. 2000). A
seroprevalence of 17% has been reported in Indian
horses (Brown & Timoney 1998). Serological
surveys of the equine population in Japan revealed
that while up to 53% of horses in some areas had
been infected with the virus, the incidence of clinical
disease had been much lower (Imagawa er al. 1981,
Matsamura et al. 1982). Horses are unlikely to be
efficient amplifiers of RRV and do little to
incriminate it as an important pathogen (Kay et al.
1987).

Pathophysiology
Most likely due to vasculitis associated with viral
infection.

Incubation period

Horses challenged experimentally with Sagiyama
virus developed fever within 2—-6 days for 2-6 days
duration (Kumanomido et al. 1988). With RRV, only
one of 11 horses inoculated either by intravenous
injection or by the bite of Culex annulirostris or
Aedes vigilax mosquitoes infected orally developed a
viraemia detectable by inoculation of suckling mice,
but five horses contained virus sufficient to infect
41/383 Culex that fed on them 3-4 days after
inoculation. On primary inoculation with RRV, only
two horses developed haemagglutination inhibition
(HI) antibody but late responses occurred in three
horses following probable naturally acquired
reinfections. Most horses remained normal, although
some developed mild pyrexia and transient clinical
signs (Kay et al. 1987).

Clinical presentation

Clinical signs include depression, anorexia, pyrexia
(up to 40.0°C), urticarial rashes, oedema in the
hindlimbs, and enlargement of the submandibular
lymph nodes (Sentsui & Kono 1980, Kumanomido
et al. 1988) associated with lymphocytopenia
(Kumanomido et al. 1988, Brown & Timoney
1998). Also reported are mild abdominal pain,
scrotal oedema, mild icterus, and stiffness (Brown &
Timoney 1998). The morbidity was 38% in one
training centre, with 96 % of affected horses making
a full clinical recovery within 1 week without any
significant sequelae (Fukunaga et al. 2000).

RRV was associated with clinical signs including
petechial haemorrhages, lymphadenopathy, distal
limb swelling, and reluctance to move at a time
when a known RRV vector, the mosquito Aedes
camptorhynchus was recorded at very high levels
(El-Hage et al. 2008).

Differential diagnosis
The differential diagnosis includes various causes of
fever and limb oedema (see p. 263).
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Diagnosis

Getah virus isolation can be attempted in VERO,
RK-13, BHK-21, and many other cell lines as well
as in suckling mouse brain. Blood plasma collected
from suspect cases of infection at the onset of
pyrexia is the specimen of choice. A diagnosis of
Getah virus infection can also be confirmed
serologically based on testing acute and convalescent
phase sera by using SN, CF, HI, and ELISA tests
(Fukunaga et al. 2000). A specific and analytically
sensitive RT-PCR for the detection of RRV is
available to confirm the presence of this virus in
clinical samples (Studdert et al. 2003).

In one study, infected horses developed SN
antibody against the homologous strains of
Sagiyama virus by day 5 post-inoculation. The
maximum titres were observed on day 14 post-
inoculation in a range of 1:256-1:1024
(Kumanomido et al. 1988).

Pathology

Sagiyama virus has been recovered from nasal
discharge, spleen, liver, lung, and various lymph
nodes (submandibular, anterior cervical, axillary,
splenic, renal, mesenteric, inguinal, and internal iliac)
(Kumanomido et al. 1988). Getah virus lesions
resemble equine viral arteritis.

Management/Treatment
Treatment of diseased animals is supportive. An
inactivated Getah virus vaccine is available.

Public health significance
RRYV causes epidemic polyarthritis (EPA) in humans
(Jones et al. 2010).
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Klossiella equi

Definition/Overview
Rare glomerulonephritis and multifocal non-

suppurative interstitial nephritis can be caused by
Klossiella equi (Marcato 1977).

Aetiology

Klossiella equi is a renal protozoan parasite of
equids, including zebras (Suedmeyer et al. 2006) and
donkeys (Karanja ef al. 1995). Developmental stages
include micro- and macrogametocytes in syzygy
(preparing to form gametes), sporonts with multiple
(20-30) oval to spindle-shaped beginning
sporoblasts within parasitic vacuoles, sporoblasts
containing multiple spherical to slightly ovoid 5§ pm
sporocysts within a sacculated tubular epithelial cell,
and a late sporoblast composed of a central spherical
structure (15 pm) surrounded by a rosette of 20-30
spindle-shaped structures (10 pm). Both gametogony
(sexual) and sporogony (asexual) stages can be seen.
However, the definitive life cycle of Klossiella equi is
still unknown (Anderson & Picut 1988).

Epidemiology
Not established yet.

Pathophysiology
Renal pathology probably due to parasite
development within kidney cells (240-246).

241 Renal coccidiosis. Higher magnification of a large
intraepithelial sporont located within a pale parasitophorous
vacuole displaying the typical outer radiating budding formation
of sporoblasts. Note the severe hypertrophied swollen infected
epithelial cell strained into forming a thin enveloping rim of
cytoplasm that bulges in the tubule lumen (arrow). Klossiella
equi. (H&E stain. Bar 20 um.)

lymphoplasmacytic interstitial nephritis. Located within the renal
tubular epithelial cells are the various developmental stages and
forms of an apicomplexan coccidian parasite (arrows). The
tubular epithelium shows swelling and exfoliation due to
degeneration and necrosis. Note the scant associated
mononuclear inflammatory infiltrate within the surrounding
interstitium. Klossiella equi. (H&E stain. Bar 50 um.)
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242 Renal coccidiosis. Higher magnification of several 243 Renal coccidiosis. Higher magnification of several
intraepithelial trophozoites (arrows) and a microgamete intraepithelial trophozoites (arrows), each of which contains a
(arrowhead) each surrounded by a parasitophorous vacuole faint excentric basophilic nucleus. Klossiella equi. (H&E stain.
located in the cytoplasm of medium hypertrophied tubular Bar 20 um.)

epithelial cells. Klossiella equi. (H&E stain. Bar 20 um.)

244 Renal coccidiosis. Higher magnification of an intraepithelial
developing schizont containing several faint basophilic
merozoites (arrow). Note the swollen adjacent nucleus of the
infected host cell. Klossiella equi. (H&E stain. Bar 20 um.)

245 Renal coccidiosis. Higher magnification of an intraepithelial
cluster of sporoblasts each containing developing
multinucleated sporocysts (top left). On the bottom right a
macrogamete is present. Klossiella equi. (H&E stain. Bar 20 um.)

246 Renal coccidiosis. Higher magnification of intraepithelial
free sporoblasts containing sporocysts with several basophilic
dot-like nuclei. Klossiella equi. (H&E stain. Bar 20 um.)
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Incubation period
Not established in the equine species yet.

Clinical presentation

Clinical signs reported in a 25-year-old mixed-breed
pony gelding were weight loss, hirsutism, polyuria,
and polydipsia of 6 months’ duration. As pituitary
pars intermedia adenoma (PPIA) was detected at
necropsy it is impossible to differentiate between
signs attributed either to equine Cushing’s disease or
to K. equi infection (Anderson & Picut 1988).

Differential diagnosis
The differential diagnosis includes various causes of
polyuria and polydipsia (see p. 263).

Diagnosis
Urinalysis might reveal multiple sporocytes
(Reinemeyer et al. 1983, Reppas & Collins 1995).

Pathology
Necropsy reveals tubular nephrosis and multifocal
nonsuppurative interstitial nephritis associated with

infiltration of lymphocytes and plasma cells
(Anderson & Picut 1988).

Management/Treatment
Treatment of diseased animals is supportive.

Public health significance
Not convincing yet.

Sarcocystis neurona/Neospora hughesi:
EQUINE PROTOZOAL
MYELOENCEPHALITIS (EPM)

Definition/Overview

Equine protozoal myeloencephalitis (EPM) is a
neurological disease of horses, ponies, and sea otters
(Sundar et al. 2008) caused by infection of the CNS
with protozoan parasites. EPM due to Sarcocystis
neurona infection is one of the most common
neurological diseases in horses in the USA (Witonsky
et al. 2008).

Aetiology

Myeloencephalitis is caused by Sarcocystis neurona
or Neospora hughesi (Marsh et al. 1996, Wobeser et
al. 2009) with opossums (Didelphis virginiana) being
the definitive host for S. neurona.

Sarcocystis spp. (247) exhibit a heteroxenous life
cycle in which merogony takes place in endothelial
tissues of the intermediate host and gametogony
takes place in the intestinal epithelium of the
definitive host (Granstrom et al. 1994, Mullaney et
al. 2005). Unlike S. neurona, Neospora spp. can
form tissue cysts, and it has been suggested that
because of this tissue cyst stage, the parasite would
remain refractory to treatment (Marsh et al. 1996).

Epidemiology

The disease has not been reported among horses
originating outside the western hemisphere (Fayer et
al. 1990). In Sarcocystis spp., the intermediate hosts
are usually herbivores that acquire the infection by
ingesting sporulated oocysts or sporocysts.
Opossums (Didelphis spp.) are the definitive host for
the protozoan parasite S. neurona. Opossums shed
sporocysts in faeces that can be ingested by true
intermediate hosts (cats, raccoons, skunks,
armadillos, and sea otters). Horses acquire the
parasite by ingestion of feed or water contaminated
by opossum faeces. Recently it has been stated that
the horse also has the potential to act as intermediate
host (Mullaney et al. 2005) and that cats may play
a role in the natural epidemiology of EPM (Cohen et
al. 2007). It is clear that diverse intermediate hosts
share a common infection source, the opossum
(D. virginiana) (Sundar et al. 2008).

Pathophysiology

Parasitaemia with S. neurona has been demonstrated
in an immunocompetent horse (Rossano et al.
2005). In accord, infected horses had significantly
decreased proliferation responses as soon as 2 days
post-infection (Witonsky er al. 2008). However, it
has been shown that infection of immunodeficient
horses with S. neurona does not result in
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F P ol =
247 Sarcocystosis. This type of sarcocystosis can be
encountered in equine skeletal musculature; it has no relation
to EPM. Depicted is an end-stage sarcocystis cyst; it is thin
walled and contains myriads of banana-shaped bradyzoites.
They rarely cause any significant tissue reaction or clinical
disease. Two species of sarcocystis are recognized in the horse,
S. bertrami (equicanis) and S. fayeri, the dog being the
intermediate host of both. Sarcocystis sp. (H&E stain. Bar 20 um.)

neurological disease (Sellon et al. 2004). On the
other hand, the use of corticosteroids resulted in
milder clinical signs than in horses inoculated with
sporocysts  without corticosteroid treatment,
suggesting an immunopathological component to
EPM (Saville et al. 2001).

Merozoites multiply in neurons, leucocytes and
vascular endothelial cells of the CNS resulting in
perivascular mononuclear cell infiltration and
necrosis of the neuropil (Granstrom et al. 1994,
Mullaney er al. 2005).

Incubation period
The incubation period is as short as 7-9 days (Saville
et al. 2001, Elitsur et al. 2007).

Clinical presentation

Although EPM has been reported in ponies,
donkeys, and most horse breeds, the greatest
incidence is among Thoroughbreds, Standardbreds,
and Quarter Horses. Age was most strongly
associated with disease risk, with horses usually
being at least 6 months old when first diagnosed
with EPM (MacKay et al. 1992, Morley et al. 2008).
Neurological examination findings that support a
diagnosis of EPM include evidence of multifocal
disease, evidence of lesions affecting both upper and
lower motor neurons, muscle atrophy, or presence
of asymmetric neurological signs (248, 249).

! i o i - Al Y
248, 249 Equine protozoal myeloencephalitis might be
associated with asymmetrical signs like right gluteal muscle
atrophy as seen in a 12-year-old Warmblood mare.
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However, EPM has also been diagnosed in horses
with symmetric signs referable to a single focus of
CNS disease. Less commonly, presenting complaints
can also include signs referable to brain or brainstem
disease (250) (Furr et al. 2002).

Differential diagnosis

It can be difficult to distinguish EPM from West Nile
viral encephalomyelitis on the basis of clinical signs.
However, in contrast to horses with EPM, most
horses with West Nile viral encephalomyelitis appear
to have abnormal CSF cytological findings, which
include a moderate mononuclear pleocytosis with
increased protein concentration (Furr et al. 2002).

Diagnosis
Ante-mortem diagnosis is considered presumptive,

as definitive diagnosis requires post-mortem
examination and confirmation of S. neurona
infection ~ via  microscopic  identification,

250 Vestibular ataxia associated with equine protozoal

immunohistochemistry, culture, or PCR. Specialists
appear to agree that the diagnosis should be the
presence of compatible neurological signs and the
exclusion of other potential diseases. The diagnosis
must always be considered tentative in the living
horse (Furr et al. 2002). Because some horses might
not develop a vigorous antibody response to S.
neurona, these results could be consistent with a
diagnosis of EPM in some horses. A favourable
response to treatment, especially when subsequently
followed by a relapse of similar signs, is also
supportive of a diagnosis of EPM in the living horse
(Furr et al. 2002). However, the use of polyvalent
(surface antigens) SnSAG ELISAs (Yeargan & Howe
2011) and subsequent calculation of the antibody
index (AI) and C-value (Furr ef al. 2011) might
enhance the reliability of serological testing for S.
neurona infection, which should lead to improved
diagnosis of EPM.

myeloencephalitis. (Courtesy of Dr M. Aleman, University of

California, Davis, USA.)
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Furthermore, it should be noted that 29% of CSF
samples from horses seropositive to S. neurona are
negative. A negative CSF Western blot test result
provides valuable information for the veterinarian
and client, who could thereby pursue further
diagnostic evaluation of other neurological diseases
and potentially avoid paying for costly, unnecessary
antiprotozoal medication. As a consequence, this
supports the practice of testing CSF of seropositive
horses suspected of having EPM (Rossano et al.
2003).

A diagnosis of EPM associated with N. hughesi
can be made on the basis of the presence of gait
abnormalities or ataxia, elimination of other causes
of neurological disease, and a positive (>5) CSF
indirect fluorescent antibody test (IFAT) to N.
hughesi with minimal blood contamination (Finno
et al. 2007). There is no cross-reactivity of the IFAT
for N. hughesi with antibodies against S. neurona
(Packham et al. 2002). Furthermore, blood
contamination of CSF appears to have a more
detrimental effect on Western blot testing than on
IFAT testing. Either Western blot or IFAT on an
uncontaminated CSF sample is appropriate if high
sensitivity (and therefore high negative predictive
value) is desired, whereas if high specificity (and
therefore high positive predictive value) is desired,
the IFAT may be the better choice (Johnson 2008).
Random amplified polymorphic DNA assay
differentiated S. neurona from S. cruzi and S.
campestris, as well as T. gondii and five Eimeria
spp. (Granstrom et al. 1994).

Pathology

Gross lesions in protozoal myelo(meningo)-
encephalitis consist of multifocal haemorrhages
possibly in conjunction with malacia within the
brainstem, pons, and spinal cord usually visible on
cross-sections. Microscopically, multifocal necro-
haemorrhagic areas are seen with gliosis and
inflammatory infiltrates composed of gitter cells,
lymphocytes, histiocytes, plasma cells, and fewer
eosinophilic and neutrophilic granulocytes. The
meninges are usually involved. Perivascular
mononuclear cuffs admixed with eosinophils are
present. The spinal cord white matter may show
demyelinating features such as axonal swelling,
spheroid formation, and digestion chambers (Jubb
et al. 2007).

Management/Treatment

Clinical improvement has been shown following
treatment of cases of EPM due to N. hughesi with
ponazuril (5 mg/kg BW PO sid for 30-60 days), an
antiprotozoal drug (Finno et al. 2007). Other
antiprotozoal drugs available to treat EPM are
nitazoxanide (25 mg/kg BW PO sid for days 1-5 and
50 mg/kg BW PO sid for days 6-28), and the
combination of pyrimethamine (1 mg/kg BW PO sid)
and sulfadiazine (20 mg/kg BW PO sid). It should be
realized that serum antibody titres with reference to
N. hugbesi are not a reliable indicator of disease
progression (Finno et al. 2007). Vaccination is used
to control EPM, as vaccination with rSnSAG-1
produced antibodies in horses that neutralized S.
neurona merozoites and significantly reduced clinical
signs (Ellison & Witonsky 2009). Furthermore,
intermittent administration of ponazuril (at 20
mg/kg BW PO sid every 7 days, but not every 14
days, for 12 weeks) may have application in the
prevention of EPM due to S. neurona (MacKay et al.
2008). Eradication of the sporocysts shed in the
faeces of opossums from the environment is an
important but difficult part of EPM control.

Public health significance
Not convincing yet.
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Cryptosporidium parvum:
CRYPTOSPORIDIOSIS

Definition/Overview

Cryptosporidium species are protozoan parasites
able to cross host species barriers that cause
diarrhoeic disease (cryptosporidiosis) in humans and
neonatal animals (Chalmers et al. 2005).

Aetiology
Among the enteric equine protozoan parasites
(besides  Eimeria leuckarti, Giardia, and

Tritrichomonas spp.) Cryptosporidium parvum is
associated with cryptosporidiosis. C. parvum is a
potentially important pathogen in immunologically
normal and normoglobulinaemic equids (Chalmers
& Grinberg 2005). While the host range of C.
parvum genotype 1 (synonymous with C. hominis) is
largely restricted to humans, genotype 2 has a broad
host range including farm animals and man (Fayer
et al. 2000). The domestic horse was established as
a further host of C. parvum genotype 2 (Chalmers
& Grinberg 2005) subtype VIaA14G2 (Burton et al.
2010). In addition, foal C. parvum isolates were
genetically diverse, markedly similar to human and
bovine isolates, and carried GP60 [IaA18G3R1
alleles, indicating a zoonotic potential (Grinberg et

al. 2008).

Epidemiology

Asymptomatic carriage can occur, but even small
numbers of oocysts shed in faeces can pose a health
risk to humans and animals alike, since the infectious
dose is low and the organism can survive in the
environment (Dupont et al. 1995). Cryptosporidium
infection rates of 15-31% have been reported in
foals in Ohio and Kentucky, USA. Chronological
study of infection in 35 healthy foals showed that
foals started to excrete Cryptosporidium oocysts
between 4 and 19 weeks of age. The cumulative
infection rate of Cryptosporidium in foals was 71%.
Some foals were concurrently infected with both
Cryptosporidium and Giardia and excretion of
oocysts or cysts was intermittent and long lasting.

The longest duration of excretion was 14 weeks for
Cryptosporidium. Excretion of Cryptosporidium
oocysts stopped before weaning and infected foals
were deemed the major source of Giardia infection
in foals (Xiao & Herd 1994). Furthermore, the
prevalence of Cryptosporidium species in mid-Wales
was higher in foals (6% positive symptomless foals)
compared with older horses (0%) (Chalmers et al.
200S5). In comparison, the estimated maximum true
prevalence of faecal shedding of C. parvum was
2.3% in horses used in the backcountry, USA (Atwill
et al. 2000), 18% of faecal specimens from foals in
New Zealand (Grinberg et al. 2009), and 8% for
Cryptosporidium in Italy. Distribution of
Cryptosporidium prevalence was statistically related
to farms and age of animals, but was unrelated to
the presence of diarrhoea. Risk factors for shedding
included residence farms and age older than 8 weeks
(Veronesi et al. 2010).

Pathophysiology

The oocysts of Cryptosporidia spp. sporulate within
the enteric host cell thereby causing maldigestion and
malabsorption leading to diarrhoea.

Incubation period
Not established in the equine species yet.

Clinical presentation
Cryptosporidium-positive foals were significantly
older (13-40 days, median age of 28 days) than
negative foals (4-67 days, median 18 days). The
number of foals with diarrhoea or soft faeces was
not significantly different between positive and
negative foals (Burton et al. 2010). It should be
realized that C. parvum oocysts can be found in the
faeces of foals without clinical signs. On the other
hand, the protozoan parasite is associated with self-
limiting diarrhoea in foals ranging in age from 5 days
to 6 weeks (Gajadhar ez al. 1985).

Differential diagnosis

The differential diagnosis includes various causes of
diarrhoea in foals (see p. 262). Overall,
C. perfringens, rotavirus, and large numbers of
Cryptosporidium spp. or S. westeri were isolated
from 80% of foals with diarrhoea without statistical
interactions between any of the pathogens associated
with diarrhoea (Netherwood et al. 1996).
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251 Cryptosporidiosis. Small intestinal crypt of a Fell pony foal
(suffering from the congenital immunocompromising Fell pony
syndrome rendering it susceptible to opportunistic infections)
contains several small pale basophilic dot-like apicomplexan
coccidian organisms attached to the enterocyte microvillous
brush border (arrows). Cryptosporidium parvum. (H&E stain.

Bar 50 um.)

Diagnosis

The oocysts can be detected in the faeces by
microscopic examination following Ziehl-Neelsen
staining. However, the use of microscopy on faecal
samples during diagnosis permits identification only
to the genus level, since many species are
morphologically similar. The application of
molecular  tools  (mainly investigation  of
polymorphisms within various genes by PCR and
restriction enzyme digestion, and DNA sequence
analysis) has enabled identification of the infecting
species/genotype (Chalmers & Grinberg 2005).
Furthermore, use of loop-mediated isothermal DNS
amplification (LAMP) is proposed as an efficient and
effective tool for epidemiological survey studies
including screening of healthy animals in which
Cryptosporidium oocyst shedding is characteristically
low and probably below the detection limit of PCR in
conventional sample concentrates (Bakheit et al.
2008).

In comparison, on direct immunofluorescence
assay, 7.4% of foal samples and 1.7% of
mare samples were designated positive for
Cryptosporidium spp., whereas on small-subunit
rRNA-based PCR 5.1% of foal samples were
positive (Burton et al. 2010).

252, 253 Cryptosporidiosis. Higher magnifications of the small
intestine crypt with several developing stages of cryptosporidia
embedded in the microvillous border. These protozoa are
located extracytoplasmically yet are intracellular, enclosed by

a host’s parasitophorous vacuole. Slight differences in diameter
(ranging from 2-6 um) and internal structures can only just

be observed in these light microscopic photographs.
Cryptosporidium parvum. (H&E stain. Bar 20 um.)

Pathology

On histological examination organisms are generally
encountered in the distal portion of the small
intestine, where they are associated with villous
atrophy (villous blunting and fusion) and
compensatory crypt hyperplasia. Mild mixed
inflammatory hypercellularity can be observed in the
associated mucosal lamina propria (251-253).

185
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Management/Treatment

Treatment of diseased horses (254) is supportive, as
the efficacy of nitazoxanide as a therapeutic agent
against Cryptosporidium spp. in foals is unknown.

Public health significance

C. parvum has a wide mammalian host range,
including humans, for whom exposure to farmed
animals is a known risk factor for acquisition of
cryptosporidiosis (Hunter et al. 2004, Smith et al.
2010, Burton et al. 2010, Veronesi et al. 2010). The
average sample prevalence of Cryptosporidium
infection on farms was highest in cattle, sheep, and
pigs (approximately 40-50%), in the mid-range in
goats and horses (20-25%), and lowest in
rabbits/guinea pigs, chickens, and other birds
(approximately 4-7%) (Smith er al. 2010).

C. parvum shed by infected foals may therefore
be infectious for man, based on anecdotal data
according to which veterinary students acquired
cryptosporidiosis following exposure to infected
foals (Cohen & Snowden 1997).

254 A lethargic dehydrated diarrhoeic foal due to
cryptosporidiosis.

Eimeria leuckarti

Definition/Overview

The equine species is regarded as a natural host of
Eimeria leuckarti, which predominantly develops in
the cytoplasm of hypertrophic host cells in the
lamina propria of the small intestine. E. leuckarti is
considered to be nonpathogenic.

Aetiology

Infection with Eimeria species (E. leuckarti,
E. solipedum, and E. uniungulsti) is seen worldwide
in horses (Barker & Remmer 1972, Hirayama et al.
2002). E. leuckarti occurs in the small intestine of
horses and asses (Soulsby 1968, Barker & Remmer
1972, Hirayama et al. 2002). Its oocysts are some of
the largest in the genus Eimeria, at 80-87.5 x 55-59
pm oval, flattened at the narrower end, the oocyst
wall 6.5-7 pm thick, dark brown with distinct
micropyle. Sporulation time is 20-22 days at 20°C
(Soulsby 1968).

Epidemiology

The prevalence of oocysts of E. leuckarti in faeces of
foals in central Kentucky ranged from 36 to 100%
(Lyons & Tolliver 2004, Lyons et al. 2007)
compared to 0.5% in adult horses in Brazil (De
Souza et al. 2009).

Pathophysiology

The gametocytes develop in the cytoplasm of
hypertrophic host cells in the lamina propria of the
small intestine. It has been suggested that the host
cell of Eimeria species is possibly derived from
intestinal epithelial cells and then displaced into the
lamina propria of the small intestine (Hirayama et
al. 2002). However, E. leuckarti is considered to be
nonpathogenic.

Early gametocytes are found in host cells in the
lamina propria of villi in the small intestine at 14
days post-inoculation. By 23 days post-inoculation,
macrogametes and microgametes can be
distinguished microscopically in the host cells. At
28 days post-inoculation, macrogametes start to
develop an oocyst wall in the cytoplasm of host
cells. As a consequence, the lifespan of host cells
parasitized by E. leuckarti is at least 28 days, even
though the lifespan of normal intestinal epithelial
cells may be 2-3 days (Barker & Remmer 1972).
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255 Intestinal coccidiosis. Subacute enteritis with villous
blunting and enterocyte exfoliation. Intraepithelial protozoal
coccidian parasites are present within the superficial lamina
propria of the villous tips (arrows). Eimeria leuckarti. (H&E stain.
Bar 100 um.)

Clinical presentation

The true clinical significance of this parasite is poorly
understood. The equine species is regarded as the
natural host of E. leuckarti.

Differential diagnosis
Not appropriate.

Diagnosis

Diagnosis of infection is routinely based on finding
the oocysts of E. leuckarti in faeces by coprological
examination. Furthermore, various stages of E.
leuckarti can be found in the tips of villi of the
duodenum following endoscopically-guided biopsy.

Pathology

Although Eimeria organisms at various stages
(mainly microgametes and macrogametes) can be
found in the cytoplasm of hypertrophied host cells
in the lamina propria at the tips of villi of the
jejunum and ileum (Hirayama et al. 2002), their
presence is merely found incidentally during post-
mortem examination (255-259).

Management/Treatment
Not appropriate yet.

Public health significance
Not convincing yet.

blunting and enterocyte exfoliation. Two large protozoal
coccidian parasites are present within the superficial lamina
propria located at the base of the villi (arrows). Eimeria leuckarti.
(H&E stain. Bar 100 um.)

developmental stages present within hypertrophied host cells
in the superficial lamina propria. Two medium swollen
infected host cells each contain a macrogamete surrounded
by a pale parasitophorous vacuole (arrows). Large single
vacuoles are present in hypertrophic host enterocytes with
swollen crescent-shaped nuclei (arrowheads). Eimeria leuckarti.
(H&E stain. Bar 50 um.)
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258 Intestinal coccidiosis. Higher magnification depicting two
large macrogametes surrounded by a pale parasitophorous
vacuole. Note the single basophilic protozoan nuclei (arrows)
and a swollen nucleus of the hypertrophic host cell (bottom left).
Eimeria leuckarti. (H&E stain. Bar 20 um.)

259 Intestinal coccidiosis. Higher magnification of a relatively
small intraepithelial schizont containing numerous small
basophilic elongated merozoites. Eimeria leuckarti. (H&E stain.
Bar 20 um.)

Babesia caballi/Theileria equi:
BABESIOSIS/PIROPLASMOSIS

Definition/Overview

Babesiosis is a tick-transmitted intraerythrocytic
parasitic disease of horses associated with fever,
haemolytic anaemia, and haemoglobinuria caused by
either Babesia caballi or Theileria equi (formerly
Babesia equi).

Aetiology

Piroplasms of the genus Babesia, along with their
relatives in the Theileriidae, comprise a genetically
and antigenetically diverse group of tick-transmitted
intraerythrocytic pathogens (Persing & Conrad
1995). The small piroplasm of horses, long known as
Babesia equi, is already commonly designated
Theileria equi. The classical differences between the
main genera of nonpigment-forming haemoparasites
are the absence or presence of extra-erythrocytic
multiplication (schizogony) and in the cycle in the
vector tick, which includes transovarial transmission
in Babesia, but only transstadial transmission in
Theileria. Also, the multiplication in the red cell of
Babesia, by budding, most often results in two
daughter cells (merozoites), while that of Theileria
gives four merozoites, often as a ‘Maltese cross’.
However, on molecular grounds, it may be necessary
to create a new genus for T. equi and similar
parasites (Uilenberg 2006). The name ‘piroplasm’
originally comes from the fact that the parasites after
multiplication are often pear-shaped. The old name

Piroplasma still survives in this way, and also in the
fact that both babesiosis and theileriosis are
commonly grouped together under the designation
‘piroplasmoses’. It is now generally accepted that
formerly used genus names are synonyms of Babesia
or Theileria (Uilenberg 2006). It has been shown that
twelve distinct T. equi 18S rRNA sequences and six
B. caballi 18S rRNA sequences occur in South
Africa, which form three and two phylogenetic
clades, respectively (Bhoora et al. 2009).

B. caballi and T. equi are present in temperate as
well as in tropical regions. Fourteen species of
ixodid ticks of the genera Dermacentor,
Hyalomma, and Rhipicephalus have been identified
worldwide as vectors of either T. equi or B. caballi.

T. equi was identified in 80% of horses suffering
from piroplasmosis in France and B. caballi in only
1.2%. Of interest, T. equi was also detected in 19%
of dogs suffering from piroplasmosis and B. caballi
in 0.6%, whereas B. canis canis was identified in
10% of horses suffering from piroplasmosis as well
as B. canis rossi in 0.9% of horses (Fritz 2010).

Epidemiology

Piroplasmosis, a disease endemic to most tropical and
subtropical areas, appears to be spreading to more
temperate zones (Butler et al. 20035). A seroprevalence
of 68% was found with reference to piroplasmosis in
Italy; 12% of the horses had anti-T. equi antibodies,
18% anti-B. caballi antibodies, and 38% had
antibodies against both species (Moretti ez al. 2010).
The overall seroprevalence in Switzerland was 7.3 %,
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260 Clinical signs associated with babesiosis include icterus.

261-263 The differential diagnosis of various causes of fever
and anaemia includes pemphigus foliaceus as seenin a
2-year-old Warmblood gelding.

T. equi being the most important pathogen (Sigg et al.
2010), whereas a higher overall prevalence of B.
caballi (54%) than of T. equi (22%) was found in
Brazil (Kerber ef al. 2009).

Pathophysiology

Natural transmission occurs via ticks that become
infected by ingesting infected host erythrocytes.
However, the pathogen can be transmitted
mechanically. Ticks may also act as vectors of co-
infections such as A. phagocytophilum.

Incubation period
About 12-19 days for T. equi and 10-30 days for B.
caballi (Butler et al. 2005).

Clinical presentation

Equine piroplasmosis occurs in acute, subacute, and
chronic forms. Clinical signs include fever,
depression, anorexia, weakness, icterus (260),
anaemia, mucosal petechiae, ventral oedema, and
haemoglobinuria. Horses surviving clinical infection
may remain inapparent carriers. Disease due to B.
caballi is less severe than that caused by T. equi and
mortality rate is lower. Death may occur within 24—
48 hours after onset, preceded by lateral
recumbency. It is not possible to differentiate
between B. caballi and T. equi infections based solely
on clinical signs (de Waal 1992, Briining 1996,
Butler et al. 2005).

Differential diagnosis
The differential diagnosis includes various causes of
fever and anaemia (261-263) (see p. 263).
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Diagnosis

Identification of parasites in blood smears is the
diagnostic mainstay (264-267), but this has certain
limitations, particularly when parasitaemia is low
(Krause et al. 1996). B. caballi infections especially
tend to be associated with extremely low
parasitaemias, often due to the early elimination of
most parasites after a short period of infection, thus
making diagnosis almost impossible (Frerichs et al.
1969). Serodiagnosis by use of the CF test alone may
give false-negative test results, especially in horses
that are parasite carriers, and has been shown to be
less sensitive than the IFAT (Weiland 1986). PCR
proved very wuseful for the detection of
haemoparasites (Caccio et al. 2000), and combined
with reverse line blot (RLB) offers the possibility of
simultaneous detection and identification of different
species infecting horses (Nagore et al. 2004).
However, it has been shown that quantitative real-
time PCR assays are more sensitive than the RLB
assay for the detection of T. equi and B. caballi
infections in field samples (Bhoora et al. 2010).
TagMan real-time PCR detected DNA of piroplasms
in 31% of samples, while serological methods found
antibodies in 36% of horses (Jaffer et al. 2010).

Although the CF test has been recommended for
detecting the presence of antibodies to Babesia spp.,
it has been shown to have several disadvantages,
including false-positive results and low sensitivity
for detecting latent infections (false-negative
results). The CF test may therefore not be a suitable
test for pre-import testing (Butler e al. 2008).

In vitro cultivation of both parasite species and
the identification of parasite proteins for diagnostic
use have facilitated the development of a highly
sensitive and specific ELISA (Brining 1996).
Recently, a highly sensitive and specific quantitative
TagMan real-time PCR assay, based on the 18S
rRNA gene, was developed for the detection of T.
equi infections in horses (Kim et al. 2008).

It has also been shown that even high-dose
treatment with imidocarb may not be capable of
eliminating B. caballi and T. equi infections from
healthy carriers (Butler ez al. 2008).

Pathology

Pathology might reveal jaundice, splenomegaly,
haemorrhagic fluid within the pericardium,
kidney  degeneration, = haemorrhages, and
haemoglobinuria. Bone marrow should not be
excluded as a potential reservoir site for T. equi and

B. caballi in infected asymptomatic horses (Pitel et
al. 2010).

Management/Treatment

Management of tick-transmitted parasitic diseases
relies on eradicating the vector tick and the
development of effective vaccines. Treatment of
diseased horses should include supportive treatment,
especially with regard to anaemia.

There are a number of effective babesiacides:
imidocarb dipropionate, which is often the only
available drug on the market, and diminazene
aceturate are the most widely used (Vial &
Gorenflot 2006). For instance, diminazene
aceturate has been mentioned to be effective in the
chemosterilization of B. caballi and in the
elimination of clinical signs in T. equi infections.
Antitheilerial drugs such as buparvaquone have
been shown to be effective in combatting disease
due to T. equi (Bruning 1996).

Imidocarb dipropionate (a carbanilide derivate)
should be administered at a dosage of 2 mg/kg BW
IM sid for 2 days in cases of B. caballi infection, and
at a dosage of 4 mg/kg BW IM four times with a 72-
hour interval in cases of T. equi infection (Meyer et
al. 2005, Butler et al. 2005). However, treatment
with five consecutive doses of imidocarb
dipropionate (4.7 mg/kg BW IM q 72 h) turned out
to be unable to eliminate spontaneous B. caballi and
T. equi infections from healthy carriers (Butler ef al.
2008). Nevertheless, a high-dose regimen (4.0
mg/kg BW IM four times at 72-h intervals) of
imidocarb dipropionate cleared B. caballi infection
following inoculation with 1052 B. caballi parasites
(Schwint et al. 2009). It should be mentioned that
imidocarb dipropionate crosses the equine placenta
(Lewis et al. 1999). Cholinergic side effects of
imidocarb may be alleviated by treatment with
atropine.

Public health significance

Some Babesia spp. can infect humans, particularly
B. microti, B. divergens, and related species; human
babesiosis is a significant emerging tick-borne
zoonotic disease. Clinical manifestations differ
markedly between European and North American
diseases. In clinical cases, a combination of
clindamycin and quinine is administered as the
standard treatment, but also administration of
atovaquone-azithromycin is successful (Vial &
Gorenflot 2006).
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264, 265 Equine piroplasmosis. Cytology specimens of blood smears depicting a close-up of equine erythrocytes. 264: One erythrocyte
in the centre contains two relatively large paired elongated ‘pear-shaped’ bluish intracytoplasmic merozoites or daughter cells (arrow),
typical for Babesia caballi; 265: few erythrocytes contain small bluish intracytoplasmic merozoites of Theileria equi, positioned in a
typical ‘Maltese cross’ formation by four clustered merozoites (arrow). (May-Griinwald-Giemsa stains.) (Courtesy of Dr C.M. Butler.)

266, 267 Micrographs of equine blood smears with numerous intraerythrocytic irregular dark bluish merozoites of Theileria equi.
(May-Grunwald-Giemsa stains.)
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Giardia duodenalis

Definition/Overview

Although Giardia duodenalis (previously known as
Giardia lamblia) has been incriminated as a cause of
diarrhoea, the true pathological significance of this
protozoan is poorly understood.

Aetiology

G. duodenalis is a protozoan parasite with a two-
stage life cycle consisting of trophozoite and cyst.
The cysts are ovoid and refractile, 8-14 x 6-10 um
in size. Reproduction is by binary fission (Soulsby
1968).

Epidemiology

The prevalence of Giardia sp. was found to be
highest among foals of 5-8 weeks of age and
lactating mares in Ohio and Kentucky. Giardia
infection was found in all age groups, although the
infection rates for foals were higher (17-35%).
Chronological study of infection in 35 foals showed
that foals started to excrete Giardia cysts between 2
and 22 weeks of age. The cumulative infection rate
of Giardia in foals was 71%. Some foals were
concurrently infected with both Cryptrosporidium
and Giardia and excretion of oocysts or cysts was
intermittent and long lasting. The longest duration
of excretion was 16 weeks for Giardia. Excretion of
Giardia cysts continued after weaning and infected
mares were deemed to be the major source of
Giardia infection in foals. The high infection rate of
Giardia in nursing mares suggests a periparturient
relaxation of immunity (Xiao & Herd 1994).
Furthermore, 4.6% of packstock was found to be
shedding G. duodenalis cysts in their faeces, with
herd-level prevalences of 0-22% (Atwill et al. 2000).

Incubation period
Not established in the equine species yet.

Clinical presentation

Although the presence of Giardia spp. in horses with
diarrhoea has been reported (Kirkpatrick & Skand
1985), horses infected with Giardia spp. rarely show
any associated clinical signs of diarrhoea, colic,
lethargy, and anorexia (268) (Bemrick 1968,
Manahan 1970). However, Giardia infection was
associated with chronic diarrhoea, weight loss,
lethargy, inappetence, and dermatitis in a 4-year-old
Thoroughbred (Kirkpatrick & Skand 1985).

Differential diagnosis
The differential diagnosis includes various causes of
acute diarrhoea (269, 270) (see p. 263).

Diagnosis

The diagnosis should be based on the demonstration
of faecal cysts combined with the presence of
diarrhoea and response to treatment. Faecal cysts
can be detected by the zinc sulphate centrifugal
flotation method (Soulsby 1968, Kirkpatrick &
Skand 1985). Usually only cysts are passed but in
some cases the free flagellates may be found (Soulsby
1968). In addition, detection of Giardia antigen in
stool samples is possible by means of a
semiquantitative  enzyme immunoassay  test
(Wienecka et al. 1989).

Pathology

On histological sections the flattened pyriform
Giardia trophozoites are usually seen with their
concave ventral surface facing and attaching to the
enterocyte brush border. Increased amounts of
intraepithelial lymphocytes are common, without
other considerable histopathology. The archetypal
binucleated ‘face-like’ or ‘owl-like’ appearance of
trophozoites is more commonly encountered in
mucosal smears.

Management/Treatment

Clinical signs resolved following treatment with
metronidazole suspension (5 mg/kg BW PO tid for
10 days) in a 4-year-old Thoroughbred (Kirkpatrick
& Skand 1983).

Public health significance

It has been shown that horses can be infected with
assemblage Al and AIl genotypes of G. duodenalis.
They therefore constitute a potential zoonotic risk to
humans, as genotypes in assemblage Al and AIl
provide the greatest zoonotic risk to humans either
directly or via watersheds (Traub et al. 2005).
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268 Treatment of diseased horses is supportive especially with
regard to dehydration as reflected by red mucous membranes.
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269, 270 Micrographs of ciliates: colon mucosa-associated ovoid ciliated protozoal trophozoites with a single excentric large basophilic
macronucleus (arrows). Balantidium coli. (H&E stain. Bar 50 um.)
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Trypanosoma brucei evansi/T. b.
equiperdum: TRYPANOSOMOSIS

Definition/Overview

Trypanosomosis is caused by Trypanosoma brucei
evansi, a salivarian trypanosomatid (‘surra’) or T. b.
equiperdum (‘dourine’). These trypanosomes are not
monophyletic clades and do not qualify for species
status. They should be considered two subspecies
strains of T. brucei, which spontaneously arose
recently (Lai et al. 2008). Dourine is a venereal
reportable disease in horses and donkeys found only
in Africa, South and Central America, and the
Middle East. Serological testing using CF is
recommended for diagnosis (Metcalf 2001, Menezes
et al. 2004, Gillingwater et al. 2007). However, no
definitive diagnosis of dourine can be made at the
serological or molecular level vyet, whereas
oedematous cutaneous plaques are regarded as
pathognomonic (Claes ef al. 2005). Surra (or mal de
Cadeiras) is mainly a (wasting) disease affecting
equids, camels, and cattle as well as other domestic
and wild animal species (in total eight mammal
orders spread over America, Europe, and Asia)
(Menezes et al. 2004). In horses, infection may cause
severe neurological abnormalities (Berlin et al.
2009). Chemotherapy appears to be the most
effective form of control for T. b. evansi, whereas
infections caused by T. b. equiperdum are considered
incurable (Gillingwater ez al. 2007). Furthermore, in
horses as well as in donkeys, trypanosome infections
may be due to T. congolense and T. vivax. T. brucei
is rare and often found in mixed infections with T.
congolense or T. vivax (Faye et al. 2001).

Aetiology

T. brucei is a kinetoplastid flagellate, the agent of
human sleeping sickness and ruminant nagana in
Africa. Kinetoplastid flagellates contain their
eponym kinetoplast DNA, consisting of two types of
interlocked circular DNA molecules: scores of
maxicircles and thousands of minicircles.
Maxicircles have typical mitochondrial genes, most
of which are translatable only after RNA editing.
Minicircles encode guide RNAs, required for
decrypting the maxicircle transcripts. The life cycle
of T. brucei involves a bloodstream stage in
vertebrates and a procyclic stage in the tsetse fly
vector. T. equiperdum and T. evansi are actually
strains of T. brucei, which lost part or all of their
kinetoplast DNA. T. b. equiperdum is the only
trypanosome not transmitted by an invertebrate
vector and it is primarily a tissue parasite that rarely
invades the blood (Claes et al. 20035, Lai et al. 2008).
T. b. evansi and T. vivax exhibit a very high
immunological cross-reactivity, and antigens from T.
b. evansi responsible for this phenomenon are three
cross-reacting antigens with molecular masses of
approximately 51, 64, and 68 kDa (Uzcanga et al.
2002, Camargo et al. 2004).

Epidemiology
In  Venezuela, two non-tsetse transmitted
trypanosomes, T. b. evansi and T. vivax, are the
major aetiological agents of animal trypanosomosis
(Camargo et al. 2004). Donkeys when exposed to a
similar tsetse challenge are significantly less infected
with trypanosomes than horses. The prevalence and
the average monthly incidence of trypanosome
infections in horses (45.5 and 16%, respectively)
were significantly higher than in donkeys (6.2 and
9%, respectively) in the Gambia (Faye et al. 2001).
The trypanosome prevalence was 18% and
T. congolense was the most common species,
accounting for 66% of the overall infections in
donkey populations naturally infected with
trypanosomes in southern Ethiopia (Assefa & Abebe
2001). The average apparent prevalence of dourine
was 8.3% in Namibia (Kumba et al. 2002). An
outbreak of animal trypanosomosis (T. b. evansi) has
been reported in the Aveyron department of France
(Watier-Grillot 2008). There is no known natural
reservoir of T. b. equiperdum other than infected
equids and transmission is via semen. Carriers are an
important source of infection (Metcalf 2001,
Menezes et al. 2004, Gillingwater et al. 2007).

T. b. evansi outbreaks in mainland Spain
occurred after the introduction of dromedary
camels (Tamarit et al. 2010).
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Pathophysiology

The outcome of the infection is defined by both host
genetic background and peculiarities (virulence
factors) of the distinct T b. evansi isolates (Menezes
et al. 2004).

Incubation period

Equines inoculated intravenously with 10°¢
trypomastigotes of T. b. evansi developed motor
incoordination of the pelvic limbs 67-124 days after
inoculation (Lemos et al. 2008). T. b. evansi was
detected in blood smears of a susceptible stallion 13
days after infection with the parasite via the CSF of
the subarachnoid space by lumbosacral puncture,
demonstrating the ability of T. b. evansi to cross the
blood-brain barrier (Barrowman 1976). The
incubation period of T. b. equiperdum is 1-2 weeks,
and starts with oedema, tumefaction, and damage to
the genitalia including paraphimosis (Brun et al.
1998, Claes et al. 2005).

Clinical presentation

The clinical course of surra ranges from 2 to 20 days
with clinical signs including marked progressive
ataxia, nystagmus, cranial nerve deficits including
blindness, head tilt and circling, hyperexcitability,
obtundity, proprioceptive deficits, head pressing, and
paddling movements (Berlin ez al. 2009, Rodrigues et
al. 2009). Dourine in horses is chronic, persists for
1-2 years and is generally divided into three phases,
although the clinical course can vary considerably
under different conditions. The first period is
characterized by oedema, tumefaction, and damage
to the genitalia including paraphimosis, and begins
1-2 weeks after infection. The second stage is
pathognomonic for dourine. In this period, typical
cutaneous plaques (5-8 cm in diameter and 1 cm
thick) or skin thickness can occur. The third phase is
characterized by progressive anaemia, disorders of
the nervous system, mainly paralysis of the
hindlimbs and paraplegia, and finally death (Brun et
al. 1998, Claes et al. 2005).

Differential diagnosis

The differential diagnosis predominantly includes
various causes of acute neurological disease (see p.
262).

Diagnosis

No definitive diagnosis of dourine can be made at
the serological or molecular level. Only clinical signs
are pathognomonic (typical cutaneous plaques), and
international screening relies on an outdated cross-
reactive serological test (the CF test) from 1915,
resulting in serious consequences at the practical
level (Watson 1915, Claes et al. 2005).

A competitive ELISA method has been developed
for the serodiagnosis of dourine infection in horses.
Apparent test specificity for the cELISA was 98.9%.
Concordance and kappa value between the CF test
and the cELISA in experimentally exposed horses
were 97% and 0.935, respectively (Katz et al. 2000).
Furthermore, the protozoa might be demonstrated
in exudate and oedematous fluid. Incidentally, the
causative protozoan is found in the blood.

Examination of Giemsa-stained blood smears
detected 41% of surra infections; the mouse
inoculation test detected 47% infections, whereas
an in-house ELISA detected antitrypanosomal
antibodies in 66% of infections in clinically ill
horses suffering from the salivarian trypanosomatid
T. b. evansi (Laha & Sasmal 2009). Using PCR, the
number of detected cases was seven times higher
than using the buffy coat method for the detection
of trypanosomes in the blood, confirming the
superiority of the PCR technique for the diagnosis
of trypanosomosis (Faye et al. 2001).

The IFAT detected antibodies 15.7 days post-
inoculation with 3 x 10° T. b. evansi parasites
intravenously. The microhaematocrit centrifugation
test was the most sensitive, first detecting parasites
between 1 and 3 days post-inoculation (Wernery et
al. 2001). Ante-mortem detection of T. b. evansi in
the CSF of a horse using PCR identification of the
parasite DNA has been reported (Berlin et al. 2009).

195
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Pathology Relapse/breakthrough infections due to
Histopathology showed that the brain, spinal cord, T. congolense were reported following a
and kidneys are the main affected tissues (Berlin et al. prophylactic dose of 1.0 mg/kg BW of

2009). Lesions in the CNS of experimentally induced
surra were those of a widespread nonsuppurative
encephalomyelitis and meningomyelitis (Lemos et al.
2007, Berlin et al. 2009). Asymmetric leuco-
encephalomalacia with yellowish discoloration of
white matter and flattening of the gyri were observed
in the brain of horses suffering from surra.
Histologically, a necrotizing encephalitis was most
severe in the white matter, with oedema,
demyelination, and lymphoplasmacytic perivascular
cuffs. Mild to moderate meningitis or meningo-
myelitis was observed in the spinal cord. T. b. evansi
was detected immunohistochemically in the
perivascular spaces and neuropil (Rodrigues et al.
2009). Lymphoid perivascular cuffs and meningeal
infiltrations were predominantly composed of T and
B cells (Lemos et al. 2007). Furthermore,
histopathology might reveal a membrano-
proliferative glomerulonephritis. PCR analysis has
indicated the presence of parasite DNA in the
cerebellum, brainstem, spinal cord, and bone
marrow but not in other organs (Berlin ez al. 2009).
The characteristic gliosis observed suggests the
ability of these cells as mediators of immune
response (Lemos et al. 2008).

Management/Treatment

Because dourine is considered to be incurable, the
disease is reportable and seropositive horses should
be eradicated. Treatment of surra diseased horses is
supportive and diminazene aceturate at 3.5 mg/kg
BW IM appears to be effective in the first treatment
of horses and mules infected with T. b. evansi. One
study showed that parasites were cleared from the
peripheral blood of horses on days 1 and 7 and from
mules on days 1 and 14. Thereafter the number of
positive animals increased. After the second
treatment, 50% of horses and 25% of mules were
still positive to surra 24 h after treatment,
demonstrating that diminazene had no protective
effect (Tuntasuvan et al. 2003). Treatment with
diminazene (3.5-7 mg/kg BW IM) has been
suggested to have a prophylactic effect (about
18 days of protection) in horses (Faye et al.
2001). However, bis (aminoethylthio) 4-melamino-
phenylarsine dihydrochloride was found to be quite
effective in curing horses with acute as well as
chronic forms of dourine due to T. b. equiperdum at
a dose rate of 0.25-0.5 mg/kg BW IM. Parasitaemia
was cleared within 24 hours post-treatment and
without relapse throughout the 320 days of
observation (Hagos et al. 2010).

isometamidium chloride (Assefa & Abebe 2001).

Public health significance

Non-tsetse transmitted trypanosomosis (T. b. evansi
and T. lewisi) has zoonotic potential (Kaur et al.
2007, Watier-Grillot 2008). T. brucei is the agent of
human sleeping sickness and ruminant nagana in
Africa (Lai et al. 2008).
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INVASIVE MYCOSES

Definition/Overview

Opportunistic fungi are most commonly seen in
immunocompromised hosts affecting predominantly
the skin (Chaffin ef al. 1995) and the respiratory
tract, especially the guttural pouches (271) and the
lungs (272-275) (King et al. 1962, Thirion-
Delalande et al. 2005) and rarely other systems such
as the digestive tract (276-285) (de Bruijn &
Wijnberg 2004). Of importance, guttural pouch

271 Endoscopic photograph of the normal right guttural
pouch with the tympanic bulla (1), the stylohyoid bone (2), the
occipital condyle (3), the internal carotid artery (4), the
maxillary artery (5), the maxillary vein (6), and the hypoglossal
nerve (7).

mycosis can lead to fatal haemorrhage. In addition,
a wide variety of dermatophytes have been isolated
from animals, but a few zoophilic species are
responsible for the majority of cases: Microsporum
canis, Trichophyton mentagrophytes, Trichophyton
equinum, and Trichophyton verrucosum, as also the
geophilic species Microsporum gypseum (Chermette
et al. 2008) with T. equinum being the most
prevalent. Equine dermatophytosis (‘ringworm’) has
public health significance.
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272 Multifocal mycotic granulomatous pneumonia. Note the 273 Mycotic pyogranulomatous pneumonia. On the left is a
pale miliary granulomatous foci (arrows) within the pyogranuloma centred on intense PAS-positive staining fungal
hyperaemic lung. Aspergillus fumigatus. organisms (arrow), on the right is a large intravascular thrombus

(asterisk) also containing fungal hyphae (not discernible at this
magnification). Aspergillus fumigatus. (PAS stain. Bar 1 mm.)

central fungal hyphae within necrotic tissue remnants surrounded by neutrophils, macrophages, lymphocytes, and plasma cells;
275: close-up of the pyogranuloma centre containing the branching fungal hyphae that focally exhibit larger bulbous swellings in
their otherwise long slender hyphae. Aspergillus fumigatus. (PAS stain. Bars 200/50 um, respectively.)

T WAL Bz DR 0 S
276, 277 Mycotic colitis. Necrosuppurative and histiocytic colitis (276). The ulcerated mucosa (top right) and submucosa are
distended due to a severe diffuse pyogranulomatous inflammation, oedema, and haemorrhage. Note the intense PAS-positive

staining foci of fungal spores demarcated by neutrophils at higher magnification (277). Aspergillus sp. (PAS stain. Bars 1 mm/50 um,
respectively.)
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278, 279 Mycotic colitis. Black-stained fungal hyphae exhibit extensive invasion of a medium sized submucosal artery
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(angioinvasiveness). Higher magnification (279) clearly depicts the black-stained fungal hyphae within the vessel wall (arrow) and
lumen (top half). Aspergillus sp. (Grocott-Gomori's methanamine silver stain. Bars 200/50 um, respectively.)
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280 Mycotic rhinitis. Biopsy specimen from a nasal
passageway containing several septate and branching
pigmented hyphae amid a suppurative exudate. (H&E stain.
Bar 50 um.)

281 Keratomycosis. Fungal hyphae infiltrate the corneal
stroma and destructively penetrate Descemet’s membrane
(arrow). The anterior eye chamber also contains fungal hyphae
amid a suppurative exudate (top right). Most commonly this
represents an opportunistic infection of a corneal laceration.
Aspergillus sp. (H&E stain. Bar 50 um.)

282, 283 Uterine candidiasis. Smear from uterine exudate contains large numbers of round to ovoid yeast forms which
occasionally display budding amid mucus, degenerate neutrophils, macrophages, and fragments of endometrial mucosa. Note that
few yeasts are phagocytosed by inflammatory cells (arrows). Candida sp. (May-Griinwald-Giemsa stain. Bar 10 um.)
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284, 285 Fell pony syndrome. Focal extensive lingual hyperkeratosis (thrush). A thick light greenish hyperkeratotic plaque or
pseudomembrane on the dorsal aspect of the tongue in a young Fell pony. This lesion is frequently encountered in the Fell pony
syndrome in which a hereditary congenital immunodeficiency can give rise to opportunistic infections of several organ systems
(especially pneumonias) including a hyperkeratotic glossitis due to yeast infection. Candida albicans.

Aetiology

Aspergillus  species are globally ubiquitous
saprophytes found in a variety of ecological niches.
Almost 200 species of aspergilli have been identified,
fewer than 20 of which are known to cause human
disease. Among them, A. fumigatus is the most
prevalent and is largely responsible for the increased
incidence of invasive aspergillosis in the
immunocompromised patient population (Dagenais
& Keller 2009). A. fumigatus is also the major
organism found in the guttural pouch (auditory tube
diverticulum) of horses affected with mycosis
(Lepage et al. 2004, Ludwig et al. 2005) besides A.
versicolor, A. nidulans, and A. niger (Ludwig et al.
2005). In comparison, in ocular flora of clinically
normal horses fungi included A. nidulans (56%),
Cladosporium spp. (32%), and A. fumigatus (22%)
(Gemensky-Metzler et al. 2005). There were no
significant differences between the number or type
of organisms cultured during the sampling seasons
in ocular flora of clinically normal horses in Florida,
whereas the likelihood of detecting an organism
depended on the horse’s age (Andrew et al. 2003).

Epidemiology

Emericella nidulans from bedding materials in the
equine environment has been associated with
guttural pouch mycosis (Kosuge et al. 2000).

Pathophysiology

Invasive mycoses pose a major diagnostic and
therapeutic challenge. Many fungal pathogens occur
almost exclusively in opportunistic settings such as in
the immunocompromised host (Patterson 2005).

Incubation period
Not established in the equine species yet.

Clinical presentation

The presenting signs of guttural pouch mycosis were,
in order of frequency, epistaxis at rest, nasal catarrh,
pharyngeal  paralysis, ipsilateral laryngeal
hemiplegia, swelling of the submandibular/parotid
region, extension of the head and neck, and
dyspnoea; cases that presented with pharyngeal
paralysis were usually fatal (286-296) (Church et al.
1986). A 6-month-old filly suffering from the
condition was presented with unilateral epistaxis
(Millar 2006). Of horses with guttural pouch
mycosis, 31 horses were identified with unilateral (n
= 25) or bilateral (n = 6) guttural pouch mycosis. The
37 guttural pouches had lesions on the left (n = 20)
and right (n = 17) sides. Circumscribed or diffuse
mycotic lesions affected the medial compartment
alone (n = 28), lateral compartment alone (n = 2), or
both compartments (n = 7) (Lepage & Piccot-
Crézollet 2005). Sequelae included acquired
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unilateral laryngeal paralysis (Dixon et al. 2001),
lingual hemiplegia (Kipar & Frese 1993), atlanto-
occipital arthropathy (Walmsley 1988), headshaking
(Lane & Mair 1987), visual disturbances leading to
blindness (Hatziolos et al. 1975), mycotic

encephalitis (McLaughlin & O’Brien 1986), and
sudden death due to excessive blood loss. Some cases
of pharyngeal hemiplegia can make a complete
recovery although it may take 12-18 months (Greet
1987).

Differential diagnosis

The differential diagnosis includes causes of
(unilateral) epistaxis without fever such as trauma,
e.g. haemorrhage into the guttural pouch associated
with rupture of the longus capitis muscle (Sweeney et
al. 1993), and progressive ethmoidal haematoma.

286, 287 A predominant presenting sign of guttural pouch mycosis is unilateral epistaxis (286), which should be regarded as an
emergency given the fact that sudden death due to excessive blood loss is not unusual. Aspergillus fumigatus is the major organism

found in the guttural pouch of horses affected by mycosis (287).

288, 289 Fresh blood oozing from the left guttural pouch via the left auditory tube (288). Aspiration of blood in the same horse as
visualized in the trachea (289).
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290, 291 Specific treatment options of guttural pouch mycosis include medical treatment involving local administration of
antifungal preparations such as enilconazole via a specially designed catheter as seen via the auditory tube (290) and
percutaneously (291).

292 The differential diagnosis of guttural pouch mycosis 293 Guttural pouch mycosis. A seropurulent exudate occupies
includes trauma as illustrated here by fresh blood oozing from the guttural pouch. Aspergillus fumigatus.
the apertura naso-maxillaris following sinus trauma.

294 Guttural pouch mycosis. Intensely bright purple-staining
fungal organisms lining the guttural pouch mucosa (arrow).
Multifocal extensive neutrophilic infiltrates surround the
guttural pouch and embed the facial nerve (arrowhead).
Aspergillus fumigatus. (PAS stain. Bar 200 um.)
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295, 296 Guttural pouch mycosis. 295: Close-up of fungal hyphae (arrows) invading and destroying the pouch mucosa. On the top

half the purulent exudate (asterisk) is noticeably present (empyema); 296: higher magnification of the fungal septated and sharp-
angled dichotomatously (i.e. into two evenly sized daughter hyphae) branching hyphae. Aspergillus fumigatus. (PAS stain. Bars

100/20 um, respectively.)

Diagnosis

Guttural pouch mycosis can be visualized by means
of endoscopy. Furthermore, reactivity to 22 and
26 kD A. fumigatus antigens, as measured by
immunoblot analysis, seems to be diagnostic for
guttural pouch mycosis in horses (Guillot et al.
1997).

Pathology

Microscopic examination is necessary to identify the
intralesional fungal organisms. Typically fungi-
induced inflammations are suppurative and histiocytic
or granulomatous with epithelioid and/or
multinucleated macrophages; lymphoplasmacellular
infiltrates are variable. In many cases fungi induce
tissue necrosis, and fungal angioinvasion may be
present in various systemic infections. Cleistothecia
and/or Hulle cells have been observed in guttural
pouch mycosis (Ludwig et al. 2005).

Management/Treatment

Treatment of horses with guttural pouch mycosis is
initially supportive, aimed at possible haemorrhagic
shock. Specific treatment options include: medical
treatment involving local administration of various
antifungal preparations via a specially designed
catheter and/or the oral administration of
benzimidazole drugs (Church et al. 1986, van
Nieuwstadt & Kalsbeek 1994, Davis & Legendre
1994); inserting a transarterial coil into the internal
carotid, external carotid, and maxillary arteries
(transarterial coil embolization or TCE), which is
effective in occluding the arteries and in inducing
regression of the mycotic lesions without adjunctive
medical treatment (Lepage et al. 2004, Freeman
2006); and ligation of the internal carotid artery on
the cardiac side of the lesion, also an effective means
of reducing the chance of fatal epistaxis in cases of
guttural pouch mycosis (Greet 1987).
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Dermatophytosis (297-305) is usually self-
limiting, but topical fungicidal administration
might be considered. Furthermore, an inactivated
vaccine against ‘ringworm’ is available. However,
the scientific literature is sparse, making it difficult
to conclude on efficacy and appropriate use
(Lund & Deboer 2008).

Public health significance

The aetiology of human invasive mycoses has shown
a shift from Candida albicans to Aspergillus spp. and
other moulds, perhaps due in part to effective
control of C. albicans with azole prophylaxis,
particularly with fluconazole (Patterson 2005).

Invasive aspergillosis is rare in immunocompetent
people (Brooks et al. 2011) and is regarded as a
devastating human illness, with mortality rates in
some patient groups reaching as high as 90%
(Dagenais & Keller 2009). In comparison, the
zoophilic dermatophyte species Microsporum canis
belonging to the Arthroderma otae complex is
associated with moderately inflammatory tinea
corporis and tinea capitis, but highly inflammatory
‘ringworm’ as well in humans. Human infections are
likely to be acquired from the fur of cats, dogs, and
horses with isolates from horses not showing a
monophyletic clustering (Sharma et al. 2007).
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301 Dermatophytosis. Chronic mild dermatitis with epidermal
hyperplasia and hyperkeratosis. The epidermis is thickened
with superficial crusting and scaling. The superficial dermis
contains mild to moderate amounts of perivascular to
interstitial mixed cellular inflammatory infiltrates. Trichophyton
sp. (H&E stain. Bar 200 um.)

304, 305 Dermal eumycotic mycetoma. Focal pyogranulomatous panniculitis. Within the subcutis is an inflammatory nodule
centred on compacted intense staining fungal hyphae surrounded by neutrophils, large epithelioid macrophages, and
multinucleated giant cells. At higher magnification (305) numerous individual hyphae (small arrows) are discernible as well

as multinucleated giant cells (arrowheads). Most commonly involved are Curvularia spp. and Scedosporium spp. (PAS stain. Bars
500/50 um.)
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Histoplasma capsulatum var, farciminosum:
EQUINE EPIZOOTIC LYMPHANGITIS/
HISTOPLASMOSIS/PSEUDOFARCY

Definition/Overview

Equine epizootic lymphangitis (EL) (also called
equine histoplasmosis or pseudofarcy) is a relatively
common infectious disease of horses and other
equids in certain parts of the world, and
histoplasmosis is the most common endemic mycosis
causing human infection. The disease is
characterized by a cord-like appearance of the
subcutaneous lymphatic and cutaneous
pyogranulomas, the discharge from which contains
spherical or pear-shaped bodies of the causal agent,
Histoplasma capsulatum var. farciminosum (Al-Ani
1999).

Aetiology

H. capsulatum var. farciminosum is a dimorphic
fungus. Genetically distinct geographical populations
or phylogenetic species should be recognized, with
phylogeny suggesting that the radiation of
Histoplasma started between 3 and 13 million years
ago in Latin America (Kasuga et al. 2003).

Epidemiology

An overall prevalence of 18.8% was recorded in
Ethiopia. EL was prevalent in hot and humid towns
with an altitude ranging from 1500-2300 m above
sea level, but was nil or low in cold and in dry and
windy towns (Ameni 2006a). The organism can be
found in apparently healthy horses (Randall ez al.
1951).

Pathophysiology

Similar to the other fungi in this category, initial
exposure to H. capsulatum is by way of the
respiratory tract, but once inhaled into the alveoli,
the organism readily spreads in macrophages
throughout  the reticuloendothelial ~ system
(Kauffman 2009). Furthermore, the pathogen
disseminates via the lymphatic vessels producing

nodules with a characteristic corded appearance
(Scantlebury 2008).

Incubation period

In one study of EL, two horses were experimentally
infected. Following injection into the pre-scapular
and pre-femoral lymph nodes, with scarification of
the skin of the left hindlimb, conjunctiva of the right
eye, and the nasal membrane of the right nostril,
nodular lesions of EL appeared during the fourth
week of infection at all sites in the horse infected with
the yeast form, whereas lesions only appeared in the

lymph nodes and skin scratches of the horse infected
with the mycelial form after 3 months. Both forms
were recovered from the lesions of infected horses
(Ameni 2006b).

Clinical presentation

Four disease presentations have been described,
although combinations of these may occur within the
same host. The cutaneous form is characterized by
pyogranulomatous nodules occurring on any part of
the body. The other forms of the disease are ocular
(keratitis), respiratory, and asymptomatic carriers
(Richter et al. 2003, Scantlebury 2008). Newborn
foals died from severe granulomatous pneumonia
within a few days of birth, and a weanling
Thoroughbred developed granulomatous pneumonia
and lymphadenitis at 5 months of age. EL also
caused granulomatous placentitis and abortion in the
7-10th months of gestation (Hall 1979, Rezabek et
al. 1993). Clinical signs in a 2-year-old Trakehner
filly with pulmonary histoplasmosis included weight
loss, intermittent fever, dyspnoea, and depression
(Cornick 1990). Abdominal histoplasmosis was
reported in Thoroughbred mares (Katayama et al.
2001, Nunes et al. 2006).

Differential diagnosis

Differentials include glanders/cutaneous farcy,
ulcerative lymphangitis associated with
C. pseudotuberculosis and M. hemolytica (Miller &
Dresher 1981), sporothricosis, strangles (Scantlebury
2008), R. equi (associated with skin penetration by
S. westeri), melioidosis, and botryomycosis.

Diagnosis

The diagnosis is based on clinical signs, a positive
reaction to the skin hypersensitivity (histofarcin skin)
test, combined with demonstration of typical
organisms in stained smears of aspirated pus from
unruptured nodules, culture, and tissue sections.
Serological tests have been described (Al-Ani 1999,
Ameni et al. 2006) such as an IFAT (Fawi 1969) and
ELISA (Gabal & Mohammed 1985). The
concentration of histofarcin that caused an optimum
skin hypersensitivity reaction was 0.2-0.4 mg/ml in
a 0.1 ml dose and this was attained 24-48 h post-
injection. The sensitivity and specificity of the
histofarcin test were 90.3% (95% CI =73.1,97.5%)
and 69% (95% CI = 48.1, 84.9%) in disease-
endemic districts. On the other hand, specificity was
100% (95% CI = 94.8, 100%) in disease-free
districts. Positive and negative predictive values of
the histofarcin test were 77.8% (95% CI = 60.4,
89.3%) and 85.7% (95% CI = 62.6, 96.2%),
respectively. However, a large proportion (31%) of
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“false positives’ was recorded in endemic districts,
which could be due to the pre-clinical stage of the
disease (Ameni et al. 2006).

Diagnosis in a 2-year-old Trakehner filly with
pulmonary histoplasmosis was based on thoracic
radiography, transtracheal wash cytology, and lung
aspirate cytology (Cornick 1990).

Pathology

Cutaneous lesions begin as papules or nodules that
later ulcerate into crateriform lesions. In the lung and
other tissues multiple granulomas or pyogranulomas
are found. The fungal yeast form is abundantly
found intralesionally and in exudates. Freely present
or within macrophages it is round to ovoid and
measures 2—-3 pm in diameter (Jubb ef al. 2007).
Abdominal histoplasmosis in a 4-year-old female
Thoroughbred race horse suffering from acute
peritonitis was considered secondary to granulomas
formed in the duodenum, lung, liver, and abdominal
lymph nodes primarily caused by Yersinia
enterocolitica (Katayama et al. 2001).

Management/Treatment
Preference should be given to eradication, although
amphotericin B is the drug of choice for the
treatment of clinical cases (Al-Ani 1999). A 5-week
regimen of amphotericin B administered
intravenously to a 2-year-old Trakehner filly with
pulmonary histoplasmosis resulted in clinical
recovery and return of the animal to normal activity
(Cornick 1990).

An attenuated vaccine and a killed formalized
vaccine are available and can be used in endemic
areas to control the disease (Al-Ani 1999).

Public health significance

Histoplasmosis is the most common endemic
mycosis causing human infection. Large outbreaks
have been ascribed to histoplasmosis, but most
infections are sporadic. Improvements in diagnostic
tests have made it feasible to establish a diagnosis of
histoplasmosis more quickly, thus allowing
appropriate antifungal therapy to be started
promptly (Kauffman 2009). Classical histoplasmosis
caused by H. capsulatum var. capsulatum, and
African histoplasmosis caused by H. capsulatum var.
duboisii are both endemic in Africa. H. capsulatum
var. capsulatum is known to occur naturally in caves
inhabited by bats. Outbreaks of histoplasmosis have
been reported in cave explorers. Surveys of
histoplasmin skin sensitivity carried out in Africa
have shown the rate of positive reactors to be 0-28%
(Gugnani 2000).
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Ectoparasitical diseases

Gasterophilus spp.

Definition/Overview

Bot flies (Gasterophilus spp.) commonly infect
horses with second- and third-stage larvae found
attached to the mucosa of the stomach and
duodenum. Sometimes larvae are noticed in the oral
cavity.

Aetiology

The two species predominantly involved are
G. intestinalis (two rows of spines on each segment)
and G. nasalis (one row of spines on each segment)
(Soulsby 1968). G. pecorum has been reported in the
soft palate of a 4-year-old British pony (Smith ez al.
2005). The latter has complete rows of spines only
on segments two to five (Soulsby 1968). G. nasalis
specimens from different geographical areas display
a level of genetic diversity (Pawlas-Opiela et al.
2010). Abundant microorganisms are observed in
the endoperitrophic space of the anterior midgut in
G. intestinalis instars (Roelfstra et al. 2010).

Epidemiology

The infection rate in equids 1-year-old or older
at necropsy in central Kentucky was 12% for second
instars and 14% for third instars for G. intestinalis,
and for G. nasalis it was 2% for second instars and
14% for third instars (Lyons et al. 2000). In
comparison, a low prevalence of G. intestinalis
infection was detected (1.4%) in the Czech Republic
(Bezdekova et al. 2007).

Pathophysiology

It has been shown that the stage L, is more
immunogenic than the stage L,, most probably as an
effect of the higher enzymatic production of L, while
migrating through the host tissues (Roelfstra et al.
2009).

The life cycle wusually involves one
generation per year in temperate regions. Adult G.
intestinalis  botflies lay their yellow eggs
predominantly on the hairs of the forelimbs of the
horse in autumn and they are licked off the hair
during grooming. The eggs are ready to hatch in 5-
10 days. After hatching, the larvae spend about 4
weeks in the oral cavity followed by migration to
the stomach/duodenum, where they attach to the
mucosa for about 10-12 months and then pass out
through the intestine. G. intestinalis is usually
found attached to the gastric squamous mucosa
(306-309), whereas G. nasalis is found attached to
the glandular mucosa of the stomach, pylorus, and
duodenum. When mature in spring or early summer
they are passed out in faeces to pupate and develop
to the adult bot fly 4-5 weeks later (Soulsby 1968).

Clinical presentation

The clinical significance of bot larvae in the stomach
is not well understood, but they have been associated
with gastric ulceration, peritonitis secondary to
gastroduodenal perforation, gastroesophageal reflux
(310), splenitis (Dart et al. 1987) and pleuritis (van
der Kolk et al. 1989). Furthermore, colonic
perforation has been associated with aberrant
migration of a G. intestinalis larva (Lapointe et al.
2003).
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306 Third-stage Gasterophilus intestinalis larvae attached to
the gastric squamous mucosa, as visualized by endoscopy.

307, 308 Gastric gasterophilosis. Numerous fly larvae (bots) firmly attached to the stomach mucosa. Gasterophilus intestinalis is
preferentially located on the pale squamous nonglandular fundus of the stomach (307). Gasterophilus nasalis is typically located at
the pinkish glandular fundus part of the stomach (308). Although severe infestations with these bots can lead to gastric
ulcerations, it usually is a coincidental necropsy finding.

309 Close-up of several fixed fly larvae. Note the two rows of 310 Gastroesophageal reflux is associated with Gasterophilus
backward oriented cuticular spines per circumferential band. intestinalis infestation, as visualized by endoscopy of the
Gasterophilus intestinalis. (Scale in mm.) oesophagus.
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Diagnosis

The eggs can be found by examining the sites in
which they are deposited, and larvae in the oral
cavity can be seen on direct inspection (Soulsby
1968). Botfly larvae attached to the mucosa of the
digestive tract can be visualized by means of
endoscopy. Furthermore, an ELISA based
on excretory/secretory antigens of second instar
Gasterophilus for the diagnosis of gasterophilosis in
grazing horses has been developed (Sdnchez-Andrade
et al. 2010).

Pathology

Predominantly associated with gastric mucosal
erosion and ulceration (311-316). Additional
pathology depends on sequelae.

311 Chronic multifocal gastritis. Multiple grey-blue slightly
prominent foci composed of chronic haemorrhage, fibrosis,
and scant mononuclear infiltrates within the squamous
nonglandular fundus. Scars probably due to a former fly larvae
Gasterophilus intestinalis infection are seen. Note the several
small crateriform ulcerations near the margo plicatus (arrow),
consistent also with fly larvae scars.

Management/Treatment

Avermectin anthelmintics preferably administered in
late autumn are highly effective against botfly larvae.
In addition, treatment with 0.4 mgkg
BW moxidectin orally also had a very high activity
against both G. intestinalis and G. nasalis up to 34
days after treatment of ponies (Coles et al. 1998).
Furthermore, removing the eggs from the hairs of the
forelimbs should be considered as a preventive
measure.

Public health significance

Botflies have public health significance and their
zoonotic risk should be minimized. Although it
rarely infests man, larvae may cause a cutaneous
swelling at the point at which the first larva
penetrates the skin. More rarely the larvae reach the
human stomach and cause irritation there (Soulsby
19638).

312 Multifocal to coalescing chronic hyperplastic gastritis. The
glandular fundus is hyperplastic and thickened due to poorly
circumscribed pale proliferative lesions mainly composed of
hyperplastic gastric glands and scant lymphocytic infiltrates.
For gasterophiliasis differential diagnoses include infection
with the nematodes Trichostrongylus axei and Draschia
megastoma.
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313, 314 Chronic catarrhal gastritis in a donkey. 313: Contrary
to the chronic multifocal ulcerative gastritis in gasterophiliasis,
this glandular fundus is diffusely thickened and hyperaemic
due to a nematode infection; 314: the corresponding
micrograph depicts the hyperaemic inflamed gastric mucosa
with intralesional nematodes (arrows). Trichostrongylus axei.
(H&E stain. Bar 200 um.)

i A ¥% 5 Y i
315, 316 Chronic catarrhal gastritis in a donkey. Close-up micrographs of T. axei embedded within the gastric mucosa on partial
longitudinal section (315) with accompanying lymphoplasmacytic infiltrates. On cross section (316) note the multiple longitudinal
cuticular ridges (arrows). Trichostrongylus axei. (PAS stain. Bars 50 um.)
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MITES Unlike the species of the Sarcoptidae and
Chorioptidae, Psoroptidae (genus Psoroptes (Acari:
Definition/Overview Psoroptidae)) are specific to their hosts (Soulsby

In equids, chorioptic mange is a common dermatitis
(Rendle et al. 2007) and in horses, Chorioptes bovis
mites were mainly found in the Belgian and Friesian
breeds (40% and 62% infected, respectively)
(Cremers 1985).

Aetiology

Chorioptes (317) resembles Psoroptes, but the tarsal
suckers have unjointed pedicles. The life history is
completed in 3 weeks and resembles that of
Psoroptes. Psoroptes eggs are laid on the skin at the
edges of the lesion and hatch normally in 1-3 days.
The larvae feed and, 2-3 days after hatching, moult
to the nymphal stage, passing the last 12 hours in a
state of lethargy. The nymphal stage lasts 3—4 days,
including a lethargic period of 36 hours before the
moult occurs. The smaller nymphs usually become
males. As a rule the pubescent females appear before
the males, sometimes as soon as 5.5 days after
hatching, while the males do not appear before the
6" day. As a rule the proportion of males to females
is 1-2:4. The pubescent female moults 2 days after
commencement of copulation and the ovigerous
female begins to lay 1 day later, or 9 days after
hatching from the egg. The shortest period observed
is 8 days. The female lives 30-40 days and lays about
five eggs daily and a total of 90 or more. In Sarcoptes
mites development from the time the eggs are laid
lasts about 17 days.

1968) and are believed to have a central African
origin (Fain 1975). Furthermore, it is suggested that
the ear mite, P. cuniculi, and the sheep scab mite, P.
ovis, are variants of the same species (Bates 1999).
Within the genus Chorioptes two phenotypes can be
distinguished, designated as C. bovis and C.
texanus.

Epidemiology

The apparent lack of host specificity of both species
suggests that mites are dispersed freely in a wide
range of hosts, and this might have contributed to
the wide geographic distribution of these species
(Essig et al. 1999).

Clinical presentation

Distribution of lesions varies according to the type of
mite. Chorioptic mange has been detected in para-
anal fold, distal portion of legs (318-320) and tail
lesions. Psoroptic mange has been detected in withers,
mane, shoulder, and flank lesions, whereas sarcoptic
mange has been isolated mainly from lesions on the
head and neck (Osman et al. 2006).

Differential diagnosis
The differential diagnosis includes various causes of
pruritus (see p. 263).

Diagnosis

Adult mites and eventually smaller nymphs or larvae
and eggs can be found by microscopic examination
of skin scrapings.

317 Chorioptic mange. Micrograph of adult Chorioptes bovis
(C. equi) mite (itchy leg mite) measuring approximately

0.4 mm in length. As an arachnid it is composed of a relative
large abdomen and a smaller fused head and thorax. Note the
four pairs of jointed legs covered with small chitinized hairs or
setae, whilst in addition the backward-facing hind legs
harbour lengthy curved hairs. No antennae are present.
Psoroptidae, Chorioptes bovis (C. equi). (Bar 200 um.)
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318-320 Chorioptic mange is a common dermatitis, especially in draught horses.
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Pathology
Predominantly associated with chronic superficial

dermatitis and epidermal hyperplasia and
hyperkeratosis (321-323).

Management/Treatment

The treatment of the superficial Chorioptes mite
is challenging as treatment failure and relapse
are very common. Oral moxidectin (0.4 mg/kg BW
given twice with a 3 week interval) in combination
with environmental insecticide treatment (4-chloro-
3-methylphenol and propoxur) was ineffective in the
treatment of C. bovis in feathered horses (Riifenacht
et al. 2011). Treatment with sulphurated lime dip as
a 5% solution four times at 7-day intervals with
most horses clipped and/or shampooed prior to

322 Chorioptic mange, leg mange. Close-up of two cross-
sectioned mites embedded within the scaling stratum
corneum. Histologically, mites are characterized by an
eosinophilic ridged chitinous exoskeleton and striated
muscles attached to jointed appendages (arrow). Chorioptes
bovis (C. equi). (H&E stain. Bar 100 um.)

treatment resulted in elimination of chorioptic
infection (Paterson & Coumbe 2009).

There was no significant difference between the
effectiveness of doramectin (0.3 mg/kg BW SC on
two occasions 14 days apart) or fipronil (all limbs
of the horses sprayed with fipronil 0.25% solution)
in the treatment of equine chorioptic mange (Rendle
et al. 2007). However, topical eprinomectin pour-on
solution treatment (at a dose of 500 pg/kg BW once
weekly for four applications) was effective and safe
therapy against natural infestations of psoroptic
mange (Ural ez al. 2008). It has been suggested that
moxidectin oral gel is an effective and good
alternative for the treatment of chorioptic mange in
horses to avoid drug resistance that may develop as
a result of the intensive use of ivermectin alone for
long periods (Osman et al. 2006).

Public health significance
Sarcoptic mange has public health significance, and
is a reportable disease.

321 Chorioptic mange, leg mange. Chronic superficial
lymphohistiocytic and eosinophilic dermatitis with epidermal
hyperplasia and hyperkeratosis. Numerous chorioptic adult
mites, including smaller nymphs or larvae and eggs, on the
skin surface interspersed within the scaling and crusting
stratum corneum incite a superficial dermal mixed
inflammatory infiltrate, as well as a hyperplastic thickening
of the epidermis with formation of epidermal papillae or

rete ridges (arrows). Chorioptes bovis (C. equi). (H&E stain.

Bar 500 um.)

323 Chorioptic mange, leg mange. Close-up of a sectioned
mite. Note the small spines or ridges (arrow) on the chitinous
cuticle, which shows birefringence when viewed under
polarized light, and striated musculature (arrowhead).
Chorioptes bovis (C. equi). (H&E stain. Bar 100 um.)



Ectoparasitical diseases

LICE

Definition/Overview

Pediculosis in equids is associated with either
Werneckiella (chewing louse, formerly Damalinia)
equi (324), or blood sucking lice Haematopinus equi
or H. asini. Both types of louse can cause skin
irritation and pruritic automutilated alopecic areas.
Pediculosis is usually an indication of underlying
predisposing factors such as overcrowding, poor
hygiene, and possibly debilitating disease.

Aetiology

The operculated eggs are cemented, without stalks,
to the hairs of the host. There is no metamorphosis.
The egg hatches into a form which resembles the
adult and is called the first nymph. There are three
ecdyses, the first nymph becoming the second
nymph, which becomes the third nymph and this
becomes the adult. As a consequence, the whole life
history is passed on the host.

Epidemiology

Uninfected hosts are infected by close contact with
infected ones, but lice may also be spread by
equipment and personnel (Soulsby 1968).

324 Pediculosis. Micrograph of adult Werneckiella (Damalinia)
equi louse dorsoventrally flattened measuring approximately
2 mm in length. Note the three pairs of jointed legs with
terminal clinging hooks set on the mid section (thorax) and
two antennae sprouting from the broad head; small hairs or
setae cover most of the body. Werneckiella (Damalinia) equi.
(Bar 200 um.)

Clinical presentation

Clinical signs present in the head and the neck/mane
area were found to be an indication of lice
infestation in horses. Focal alopecia was the main
clinical sign in Icelandic horses (84%) on lice-
positive horses, while scaling and crusts occurred in
11% and 10% of cases, respectively (Larsen et al.
20085). In another report no correlation between lice
burden and clinical signs was detected (Mencke et
al. 2005). However, it should be realized that in
clinically healthy horses pediculosis is very rare,
consequently signs of the primary disease might
predominate and obscure the clinical presentation of
pediculosis.

Differential diagnosis
The differential diagnosis includes various causes of
pruritus (see p. 263).

Diagnosis
Pediculosis can be assessed by visual inspection of
the hair coat (325).

325 Pediculosis. The peri-ocular haired skin is infested with
numerous small light brown lice. This biting louse Werneckiella
(Damalinia) equi can be found in areas such as the head, neck,
flanks, and tail base, as the females prefer to lay their eggs in
finer hair. It feeds on skin debris.

215
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Pathology
Especially associated with secondary skin lesions due
to pruritus.

Management/Treatment

A double application of 4 ml and 8 ml 10%
imidacloprid spot-on on days 0 and 28 induced a
drop in lice counts 2 days after either treatment, with

all animals free of live lice on day 56 with
dermatological lesions decreased significantly
(Mencke et al. 2005).

Public health significance
As species-specific ectoparasites, lice from horses
may cause a minimal transient pruritus.



Fasciola hepatica

Phylum Platyhelminthes/Class
Trematoda/Order Echinostomida/Suborder
Fasciolata/Family Fasciolidae/Genus Fasciola

Definition/Overview

Fasciola bhepatica is the most common liver fluke,
with worldwide distribution. It is of economic
importance in sheep and cattle, but horses are
infrequently infected. Prenatal infections are
reported in foals. Chronic fascioliasis is the most
common form of the infection in sheep, cattle, and
other animals (including man) (Soulsby 1968, Owen
1977).

Aetiology

Although fluke disease can be caused by species from
three different groups (liver, lung, and intestinal) E
hepatica is the most important fluke parasite in
domesticated animals, along with E gigantica
(Soulsby 1968, Keiser & Utzinger 2009). The bodies
of trematodes or flukes are dorso-ventrally flattened
and, unlike those of tapeworms, they consist of one
piece only. Their reproductive system is
hermaphroditic. E bepatica may reach a size of 30 x
13 mm. The eggs measure 130-150 x 63-90 pm.
The Fasciola egg (326A, B) has a yellow shell with an
indistinct operculum (Soulsby 1968). Sequence-
related amplified polymorphism (SRAP) revealed
four major clusters indicating the existence of genetic
variability within the examined E hepatica samples
from Spain. These four clusters were not related to
particular host species and/or geographical origins
of the samples (Alasaad et al. 2008).

326 A, B Fasciola hepatica eggs obtained from a faecal
sample. The ovoid thin-shelled uni-poled operculated eggs
measure approximately 130 x 70 um and are typically filled
with granular yellowish-brown contents. The operculum is
indicated by an arrow. (Bars 100/50 um, respectively.)
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The life cycle of Echinostomida usually requires
one, two, or more than two, intermediate hosts
(327). Important host snails for E hepatica are
Galba (formerly Lymmnaea) truncatula in Europe
and Galba bulimoides in the USA. The term
metacercaria is given to the cercaria after it has

encysted either inside the second intermediate host
or on herbage or elsewhere (Soulsby 1968, Owen
1977).

E hepatica develops to the adult stage in the bile
ducts of the host. Their eggs pass through the bile
ducts (328-331) and are excreted via the faeces.

327
G
Adult fluke in liver
F
Metacercariae ingested
by sheep, cattle, and
other hosts like horses
A
Eggs passed in faeces
E

Cercariae swim until they
encyst on vegetation,
forming metacercariae

D
Cercariae leave snail

“—

C

B
Miracidia released

O

i

Miracidia invade Lymnaeid snail
(intermediate host) and develop and
multiples as a sporocyst

327 Schematic representation of the infection cycle of Fasciola hepatica. F. hepatica develops to the adult stage in the bile-ducts of
the host. Their eggs pass the bile ducts and are excreted via the faeces. Development of the eggs generates miracidia, which
actively invade the host snail either via penetration of its skin or via ingestion by the snail, where they hatch in its gut, leaving the
host as cercariae. The cercariae encyst into metacercariae on plants and are ingested by the final host. Following ingestion by the
final host the metacercariae penetrate the intestinal wall and migrate through the peritoneal cavity to the liver. After invasion of
the liver the cycle ends in the bile ducts.
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328 Fasciola hepatica eggs are excreted via the bile and
subsequently in the faeces. Shown (dorsally) is the major
duodenal papilla on which both the common hepatic duct
and the pancreatic duct open into the duodenum. Opposite to
the major duodenal papilla is the minor duodenal papilla, on
which the accessory pancreatic duct opens into the
duodenum.

330 Hepatic fascioliasis, distomatosis. Photomicrograph of an
inflamed bile duct containing a fluke embedded in cellular
debris and brownish bile pigments. Note the hyperplasia of
the ductal epithelium on the right and erosion of the
epithelium on the left. (H&E stain.)

intrauterine ovoid thin-shelled eggs of Fasciola hepatica. Being
trematodes, adult flukes are hermaphroditic and can produce
up to several thousands of eggs each day. The unipoled
operculated eggs measure approximately 130 x 70 um. Galba
truncatula, an aquatic snail, serves as intermediate host in the
development of the cercariae. Note also the fluke's spined
tegument. (H&E stain. Bar 100 um.)

331 Hepatic fascioliasis, distomatosis. Cut section of the head
of a Fasciola hepatica fluke. Note the two (oral and ventral)
inverted cup-shaped suckers with which the fluke adheres to
the inside of bile ducts. (H&E stain. Bar 1 mm.)
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Development of the eggs generates miracidia,
which actively invade the host snail (332) either via
penetration of its skin or via ingestion by the snail,
where they hatch in its gut and leave the host snail
as cercariae. The cercariae encyst into metacercariae
on plants and are ingested by the final host.
Following ingestion by the final host the
metacercariae penetrate the intestinal wall and
migrate through the peritoneal cavity to the liver.
After invasion of the liver the cycle ends in the bile
ducts (Soulsby 1968, Owen 1977). The flukes
usually live about 9 months in sheep and in one case
a survival time of 11 years has been recorded
(Soulsby 1968). In unusual hosts, such as man and
the horse, the fluke E hepatica may be found in the
lungs, under the skin, or in other locations (Soulsby
1968).

Epidemiology

In 4,399 faecal samples from horses, coprological
examination revealed 0.04% positive samples for E
hepatica (Epe et al. 2004). In Egypt, zoonotic
fascioliasis in donkeys is increasing and post-mortem
examination revealed hepatic fascioliasis in 17% of
cases (Haridy et al. 2007).

Pre-patent period

The pre-patent period is defined as the period
between infection of the host and the earliest time at
which the parasite can be recovered from either
faeces or urine as eggs or larvae.

Eggs of Fasciola hepatica can be observed 14-15
weeks post-infection in horses (Soulé er al. 1989).
Experimental data show that the horse exhibits a
pronounced resistance to the establishment of a
liver fluke infection. With oral doses of up to 800
metacercariae a patent infection was established in
one study in only one out of ten horses, with the
majority of parasites eliminated or immobilized at
an early stage of the infection, presumably before
reaching the liver. This hypothesis was supported by
the finding that about 15% of excysted larvae
implanted intraperitoneally in two horses,
succeeded in reaching maturity in the bile ducts
(Nansen et al. 1975).

Clinical presentation

Although subclinical infection is quite common,
clinical signs include fever, icterus, photodermatitis
(333-335), coagulation disorders, hepatoen-
cephalopathy, and weight loss. Infections may go
undetected (Alves et al. 1988, Gorman et al. 1997),
as horses have a high level of resistance to both E
hepatica and E gigantica (Nansen et al. 1975, Alves
et al. 1988).

Differential diagnosis
The differential diagnosis comprises various causes
of icterus and fever (see p. 262).

Diagnosis

Diagnosis of infection is routinely based on finding
the fluke eggs in faeces by coprological examination.
However, this method is not sensitive, and infections
where the parasite burden is low or when the host is
harbouring immature flukes in the liver parenchyma
or the bile ducts during the pre-patent phase of the
infection may go undetected (Gorman et al. 1997).
Moreover, in some species such as horses, an
intermittent fluke egg elimination has been described
(Owen 1977). Furthermore, some of the
hepatocellular enzymes may be increased in activity
like sorbitol dehydrogenase (SDH), aspartate
aminotransferase (AST), alkaline phosphatase (AF),
lactate dehydrogenase (LDH), and y-glutamyl-
transferase (y-GT) associated with increased
concentration of conjugated (or direct) bilirubin.
Plasma glutamate dehydrogenase and y-GT levels
increased 3-5 months post-infection (Soulé et al
1989). Horses infected by 1,000 metacercariae and
more showed 18% of positive samples by counter-
electrophoresis, 49% by ELISA, and 76 % by passive
haemagglutination (Soulé et al. 1989). Against the
criteria of high sensitivity and specificity, the 22-30
kDa polypeptides would appear to be the most
suitable candidate antigens for wuse in the
immunodiagnosis of fascioliasis in horses, as they
were recognized by sera from all infected horses, but
not by sera from uninfected horses (Gorman et al.
1997).
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332 An empty shell of Galba truncatula, the important host
snail for F. hepatica in Europe, among other freshwater snails
of the family Lymnaeidae. (Scale in mm.)

333-335 Photodermatitis in a 3-year-old Warmblood mare.
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Pathology

Macroscopic evaluation of affected livers can reveal
dark red necrohaemorrhagic tortuous migration
tracts due to peripatetic larvae. These acute lesions of
hepatocellular necrosis develop into pale, possibly
contracted, streaks and foci due to infiltrating
eosinophils and scarring fibrosis. Mature flukes
(336) reside in bile ducts and incite a chronic
cholangitis with inherent (peri)ductular fibrosis and
cholestasis. Both acute and chronic lesions may be
present concurrently. Dilation of bile ducts in horses
is mainly due to obstruction of bile flow.
Microscopically there may be intraluminal papillary
projections of hyperplastic bile duct epithelium, an
additional obstructing factor. The left liver lobe is
generally more gravely affected than the right,
indicated by atrophy and fibrosis potentially
combined with compensatory hyperplasia of the
right lobe (337). Further possible lesions include
peritonitis and hepatic abscesses and in severe
chronic infections a debilitating state of the animal,
icterus, photosensitive dermatitis, and (rarely)
bilateral laryngeal paralysis (338).

Management/Treatment

In foals with an adult infection and a presumed
immature infection with E hepatica 12 mg
triclabendazole/kg BW orally is a treatment option.
The absence of eggs from samples of faeces
examined at intervals of up to 110 days after
treatment showed that all the animals were cured
(Rubilar et al. 1988). Eradication of the host snails
from the environment is an important but difficult
part of fluke control.

Public health significance

An estimated 750 million people are at risk of
infections with food-borne trematodes, which
comprise liver flukes (Clonorchis sinensis, E. gigantica,
E hepatica, Opisthorchis felineus, and Opisthorchis
viverrini), lung flukes (Paragonimus spp.), and
intestinal flukes (e.g., Echinostoma spp., Fasciolopsis
buski, and the heterophyids) (Keiser & Utzinger
2009). Metacercarial viabilities of donkey (and pig)
isolates were similar to the viabilities of metacercariae
of sheep and cattle isolates, suggesting that donkeys
also have a high transmission potential capacity with
regard to human fascioliasis (Valero & Mas-Coma
2000).

Measurements of FE hepatica and E gigantica
eggs originating from humans and animals from
sympatric areas overlap, and, therefore, they do not
allow differential diagnosis when within this
overlapping range. In this sense, the classic egg size
range in human samples may lead to erroneous
conclusions (Valero et al. 2009).
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336 Cross-section of liver with mature flukes (arrows) causing
chronic cholangitis. (Courtesy of Dr G. C. M. Grinwis.)

337 Hepatic fascioliasis, distomatosis. Equine liver,
diaphragmatic surface, chronic cholangitis and hepatitis due
to a severe infection with the common liver fluke, Fasciola
hepatica. As a result the left lobe (right side of photograph)
has diminished in size and is pale and firm because of atrophy
and replacement fibrosis. The right lobes show compensatory
hyperplasia. (courtesy of Dr G.C.M. Grinwis.)

338 Bilateral laryngeal paralysis as a very rare neurological
sequela of liver failure in a 9-year-old Warmblood gelding.
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Anoplocephala spp.

Phylum Platyhelminthes/Class Cestoda/Subclass
Eucestoda/Order Cyclophyllidea/Suborder
Anoplocephalata/Family Anoplocephalidae/Genus
Anoplocephala

Definition/Overview

Tapeworm (genera Anoplocephala) of horses are
found near the ileocaecal valve and are associated
with spasmodic colic and various intussusceptions.

Aetiology
Anoplocephala  perfoliata, A. magna, and
Anoplocephaloides mamillana (formerly

Paranoplocephala mamillana) (339, 340) are the
common tapeworm species of horses, with infection
following ingestion of grass mites containing the
intermediate cysticercoid stage. All equine tapeworms
require grass mites as an intermediate host in which
the intermediate cysticercoid stage is produced. A.
perfoliata is regarded as the most important species.
Tapeworms are hermaphrodite, endoparasitic worms
with an elongate, flat body and without a body cavity
or an alimentary canal. The body consists of a head
or scolex, usually provided with suckers and hooks,
and a strobilum, which consists of a number of
segments or proglottides. Each proglottid usually
contains one or two sets of male and female
reproductive organs. The life cycle is indirect,
requiring one or more intermediate hosts. The eggs
have a pyriform apparatus and measure 50-60 pm
(341). A. magna occurs in the small intestine and
occasionally in the stomach of equines. It measures
up to 80 ¢cm in length and 2 cm wide. A. perfoliata
occurs in the small and large intestine of equines. A.
perfoliata frequently localizes near the ileo-caecal
valve, which may show ulceration, oedema, and
occasionally a marked excess of granulation tissue
(342, 343). It measures up to 8 x 1.2 cm (344-346).
The eggs measure 65-80 pm. A. mamillana occurs in
the small intestine and occasionally the stomach of
the horse. It measures only 6-50 x 4-6 mm. The eggs
measure about 51 x 37 pm (Soulsby 1968).

Epidemiology

In one study, A. perfoliata prevalence was 52%,
whereas A. magna was seldom found in weanlings
(Lyons et al. 2000). Frequent use of ivermectin might
induce tapeworm superinfestation.

339
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339 Cestodiasis, equine tapeworms. Anoplocephala magna
(middle), A. perfoliata (top and bottom). Anoplocephaloides
mamillana (not shown) is the third and smallest tapeworm in
the horse, like A. magna it usually inhabits the small intestines.
A. perfoliata is preferentially found at the ileocaecal junction or
proximal caecum. Note the small round scolices (arrows) and
short neck from which the proglottid segmented body or
strobilum starts. (Formalin fixed specimens. Scale in mm.)

340
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340 Cestodiasis, Anoplocephala perfoliata tapeworm. It can
grow up to 8 cm in length and 1.5 cm in width. (Formalin fixed
specimen. Scale in mm.)

341 Cestodiasis, Anoplocephala perfoliata tapeworm. Eggs
mature in the proglottides, which are shed with the faeces.
Once in the environment oribatid mites (grass or soil mites)
ingest the ova and serve as intermediate hosts in which larvae
(cysticercoids) develop. These infective mites are arbitrarily

taken up by foraging horses.
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342, 343 Cestodiasis. Several typical ribbon-like tapeworms attached to the intestinal mucosa of the ileocaecal junction by means

of their suckers located on the head or scolex. Mucosal erosions and ulcerations can occur in severe infections. Anoplocephala
perfoliata.

344, 345 Cestodiasis, micrograph of Anoplocephala perfoliata.
Note the extensive segmented body. The segments or
proglottides are each a fully functional element and contain

a digestive system and both male and female reproductive
organs with developing eggs. New proglottides grow
continuously and when fully mature they break off at the
posterior end and are shed in the faeces. No single central
gastrointestinal tract is present; nutrients are taken up directly
from the host’s gut. (PAS stain. Bar 1 mm.)

346 Cestodiasis, close-up micrograph of Anoplocephala
perfoliata. Note the round scolex with two oval suckers visible
(four in total). From the short neck down the proglottides are
generated. (PAS stain. Bar 500 pm.)
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Pathophysiology

As adult equine tapeworms are found near the
ileocaecal valve it is suggested that they may interfere
with the motility of the region, thereby inducing
intussusceptions (347-349).

Pre-patent period

Adult tapeworms are found 4-6 weeks after
ingestion of infected mites with herbage (Soulsby
1968).

Clinical presentation

The majority of tapeworm infestations do not cause
clinical signs. However, A. perfoliata is considered a
likely risk factor in horses with colic and ileal
impaction (Proudman ef al. 1998, Proudman &
Holdstock 2000). A. perfoliata has also been found
in association with other intestinal disorders,
especially those affecting the ileocaecal region,
including peritonitis and caecal abscessation (Beroza
et al. 1983), caecal rupture (Cosgrove et al. 1986),
and ileocaecal, caecocolic, and caecocaecal
intussusceptions (Edwards 1986).

Differential diagnosis

The differential diagnosis includes various causes of
colic. Only three common parasitisms of horses are
likely to be manifested as colic: Strongylus vulgaris,
Parascaris equorum, and A. perfoliata (Reinemeyer
& Nielsen 2009).

Diagnosis

Tapeworm  proglottides may  be  visible
macroscopically in the faeces. The detection of eggs
of A. perfoliata in faeces is hampered by the necessity
for there to be a ruptured proglottides in the faeces
(French et al. 1994). The tapeworm eggs are
characterized by the presence of a hexacanth
embryo. The sensitivity of the faecal identification of
the eggs of A. perfoliata in horses is therefore low
and allows only a qualitative assessment of the
infection. A combination of centrifugation and
flotation can improve the sensitivity of the method
(Beroza et al. 1983, Rehbein et al. 2011), but it has
been shown to have a sensitivity of only 61%
(Proudman & Edwards 1992). A serum ELISA for
the diagnosis of A. perfoliata is commercially
available measuring the concentration of a serum
antibody that is specific for a 12/13 kDa
excretory/secretory antigen, and its concentration
has been shown to be correlated with the intensity
of the infection (Proudman et al. 1998). Diagnosis
based upon faecal egg counts of horses with known
numbers of worms was least accurate in detecting
WwOrm presence.

Detection of circulating antibodies to the cestode
was most sensitive using Western blot analysis
(100%), but had lower specificity (87%). A serum-
based ELISA had a lower sensitivity (70%) for the
detection of antibodies. A coproantigen ELISA had
74% sensitivity and 92% specificity, and there was
a positive correlation  between  antigen
concentration and tapeworm intensity (Skotarek et
al. 2010). Furthermore, a nested PCR assay
represents a valid method for the specific molecular
detection of A. perfoliata in faecal samples collected
from naturally infected horses and may have
advantages over coprological and serological
approaches for diagnosing A. perfoliata infection
(Traversa et al. 2008).

Pathology

Injury to intestinal nervous elements at the ileocaecal
junction in horses with moderate to high parasitism
supports a correlation between colic and A.
perfoliata infestation in the horse (Pavone et al.
2010), possibly leading to obstructions and
intussusceptions.

Management/Treatment

It is recommended to dose less frequently than every
6 months to remove tapeworm infections with either
1.5 mg/kg BW praziquantel or pyrantel. The optimal
time for blood sampling to monitor for effective
tapeworm treatment using a serum ELISA appears
to be 5 months after treatment (Abbott et al. 2008).
Pyrantel at twice the normal dose rate (for normal
strongyles) is regarded as effective.

Public health significance
Not convincing yet.
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347-349 Caecocolic intussusception, cestodiasis. The opened
colon (intussuscipiens) reveals the darkened incarcerated
necrotic caecum (intussusceptum), which shows a thickened
congested wall on the cut surface with extensive yellowish
fibrinous depositions on the serosa. This is a lesion attributed
to intestinal dysperistalsis due to either massive tapeworm or
cyathostome infections.

227



228

Helmintic diseases

Echinococcus equinus

Phylum Platyhelminthes/Class Cestoda/Subclass
Eucestoda/Order Cyclophyllidea/Suborder
Taeniata/Family Taeniidae/Genus Echinococcus

Definition/Overview

Equine cystic echinococcosis can be caused by
various Echinococcus taxa, but only Echinococcus
equinus (the ‘horse strain’) is known to produce
fertile cysts.

Aetiology

E. granulosus consists of the following
groups: E. granulosus sensu stricto (the sheep strain),
E. equinus (the horse strain), E. ortleppi (the cattle
strain), and E. canadensis (the human strain), with E.
granulosus sensu strico having the widest global
distribution (Nakao et al. 2007).

E. equinus infects dogs, red foxes, arctic
foxes (experimentally), cats (experimentally),
humans, sheep, goats, horses, donkeys, pigs, cattle,
roe deer, and reindeer (in Scotland). Attempts to
transmit E. equinus to badgers and domestic ferrets
were unsuccessful. Of 123 cats infected with
protoscolices of horse origin, one gravid adult
parasite was recovered from one animal.
E. granulosus sensu stricto does not mature either in
foxes or in horses, E. equinus will mature in either
(Cook 1989).

After the eggs have been ingested by the
intermediate host they hatch in the intestine and the
embryos migrate to the bloodstream, which carries
them to various organs. The embryo grows into a
large vesicle, 5-10 cm or more in diameter, known
as an echinococcus or ‘hydatid’ cyst. The hydatid
cyst (350, 351) has an internal germinal layer which
produces numerous small vesicles or brood capsules
about 5-6 months after infection. Each brood
capsule may contain up to 40 scolices. The final
host acquires the infection by ingesting fertile
hydatids.

E. granulosus sensu stricto is 2.1-5.0 pm long
and usually has only three proglottides. The
sexually mature segment is the penultimate one and
the gravid one is the last segment. The scolex has
two rows of hooklets varying from 30 to 60 in
number (352-354). The eggs are the typical Taenia
eggs and they measure 32-36 x 25-30 pm (Soulsby
1968).

Epidemiology

In Europe, E. equinus appears to be endemic in
Great Britain, Ireland, Spain, and Italy and has
sporadically been reported in Belgium, Germany, and
Switzerland (Blutke et al. 2010). Equine cyst
echinococcosis in Italy had a prevalence rate of 0.3%
(Varcasia et al. 2008).

Pre-patent period

The pre-patent period of E. granulosus sensu stricto
in the definitive host is about 42 days while that of
E. equinus is about 70 days (Cook 1989).

Clinical presentation

Equine cyst echinococcosis is usually an accidental
finding and clinical presentation largely depends on
localization of cyst(s).

Diagnosis
Ultrasonographic examination can be helpful in the
(accidental) detection of cyst echinococcosis.
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350, 351 Hepatic echinococcosis. Intact (350) and incised (351) unilocular hydatid cyst of Echinococcus granulosus, the intermediate
stage of the cestode E. equinus in dogs and foxes.

352, 353 Close-up micrographs of three protoscolices that each harbours the typical rostellar keratinized hooklets especially
discernible because of their birefringence when viewed under polarized light (353). Note also the pale to dark basophilic
calcareous corpuscles (arrowheads) and inverted suckers (arrows). Echinococcus equinus. (H&E stain. Bars 50 pm.)

354 Fresh unstained wet mount of a hydatid cyst’s contents
depicting two typically invaginated protoscolices with

a central rostellar pad set with a double crown of hooks and
lining calcareous corpuscles (arrows). Note the presence of
several free-lying hooklets (arrowheads). Echinococcus equinus.
(Bar 50 ym.)
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355, 356 Hepatic echinococcosis. 355: Cut section of a formalin-fixed liver sample with a thick-walled hydatid cyst containing
several small white brood capsules (arrow); 356: corresponding micrograph depicting several protoscolices clustered in a brood
capsule (arrow). Note the smaller spherical pale basophilic calcareous corpuscles (arrowheads) lining the germinal membrane of
the thick hyaline laminary layer of the hydatid cyst wall. Echinococcus equinus. (H&E stain. Bar 100 pm.)

Pathology

Macroscopic evaluation might reveal a thick-walled
hydatid cyst containing several small white brood
capsules (355-358).

Management/Treatment
If necessary, therapy should be directed towards
(ultrasound-guided) surgical removal of the cyst(s).

Public health significance

E. granulosus sensu stricto (the former ‘sheep strain’)
is still common and a public health problem in many
parts of the Mediterranean region, and re-emergence
after failed control campaigns is observed or
suspected in Bulgaria and Wales. No recent data on

the cattle-transmitted E. ortleppi are available, but
their relevance for human health seems to be minor
(Romig et al. 2006). Cyst echinococcosis is one of
the most important zoonoses in Chile. The surgical
incidence of cyst echinococcosis in humans ranged
between 2.3 and 8.5 cases per 10° people. Highest
prevalence of cyst echinococcosis was detected in
cattle (24%), followed by swine (14%), sheep
(11%), equines (9%), and goats (6%) (Acosta-
Jamett et al. 2010). In comparison, human
cyst echinococcosis incidence rates in the range
of 1.1-3.4 cases per 10° inhabitants coexist with
ovine/bovine cyst echinococcosis prevalence rates of
up to 23% in Spain (Carmena et al. 2008).
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357, 358 Hepatoserosal cysticercosis. 357: Hepatoserosal thin-
walled semitranslucent fluid-filled cysticercus cyst containing

a single pale large scolex. It is the intermediate stage of Taenia
hydatigena, the adult cestode (tapeworm) in dogs;

358: corresponding micrograph displaying the invaginated
cysticercus lined by the intense eosinophilic corrugated
tegument (arrow). Cysticercus tenuicollis. (H&E stain. Bar 1 mm.)
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Strongyloides westeri

Phylum Nemathelminthes/Class Nematoda/Order
Rhabditida/Suborder Rhabditata/Superfamily
Rhabditoidea/Family Strongyloididae/Genus
Strongyloides

Definition/Overview

Strongyloides westeri is a small nematode found as
an adult in the small intestine of foals (Lyons et al.
1993). Diarrhoea is the most common sign of
infection with S. westeri in neonatal foals to
4 months of age, sometimes preceded by episodes of
frenzy. The parasite has no clear relationship with
so-called foal heat diarrhoea.

Aetiology

The genus Strongyloides contains species that are
parthenogenetic and their eggs may give rise, outside
the host, directly to infective larvae of another
parasitic generation or to a free-living generation of
minute males and females. S. westeri occurs in the
small intestine of the horse, pig, and zebra. It is up
to 9 mm long and 0.08-0.095 mm thick. The eggs
measure 40-52 x 32-40 pm (359, 360). The first-
stage larvae may develop directly to become
third-stage infective larvae (homogonic cycle) or
they may develop to free-living males and females
that subsequently produce infective larvae
(heterogonic cycle). In the homogonic cycle, the first-
stage larvae metamorphose rapidly to become
infective larvae, as little as 24 hours being required
for this at 27°C. Infection of the vertebrate host is
mainly by skin penetration (Soulsby 1968).

The main source of infection in foals is believed
to be from parasitic stages (L,) in mares’ milk
acquired by foals while nursing (Lyons et al. 1993)
or by skin penetration (Soulsby 1968). As a
consequence, an important source of infection
appears to be larvae in the tissues of the mare.
Probably, to a lesser degree, infections in foals also
occur from free-living third-stage larvae that are
ingested in feed (Lyons et al. 1993).

Epidemiology
An association had already been noted between
climate, behaviour of mares and foals best described
as frenzied, subsequent high faecal egg counts of S.
westeri in foals, and the development of abscesses in
peripheral lymph nodes from which Rbhodococcus
equi can be isolated (Dewes 1972). The probability
of sighting episodes of frenzy increased by a factor of
three when within 24 hours there was 0.2 mm or
more of rain, a maximum air temperature of 16.7-
26.6°C and a soil temperature of 16.3-23.9°C at 30
cm (Dewes 1989).

Eggs of S. westeri were found in 6% of foals

(ranging in age from 7-63 days and none of them
treated with an antiparasitic compound) on 78% of
farms in central Kentucky, USA, considered to have
overall excellent deworming programmes (Lyons et
al. 1993). Tt appears that foals develop a resistance
to S. westeri by the age of 15-23 weeks and the
infection then disappears (Russell 1948).

Pathophysiology

Intraoral and percutaneous (intra-aural)
administration of infective larvae resulted in suitable
test infections in contrast with administration by
stomach tube (Drudge et al. 1982). Infection causes
inflammation of the proximal part of the jejunum
associated with diarrhoea in some cases.
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359 Larvated-thin shelled Strongyloides westeri egg.
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360 Strongyloides westeri egg (right-upper part) and
Cyathostomum egg (left-lower part).
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Pre-patent period

The pre-patent period is 5—7 days (Soulsby 1968). In
accord, high egg counts of S. westeri appeared in
faeces 4-5 days following episodes of frenzy and
persisted for several days. The youngest foal in which
eggs were first detected (20,000 eggs per gram [epg])
was 12 days old, the highest faecal egg count was
94,700 epg in a foal 20 days old, and the oldest foal
in which eggs were detected for the first time was
104 days old (Dewes 1989). Milk may contain larvae
for 47 days post-partum and the shortest pre-patent
period after nursing on infected milk is given as 8
days (Lyons et al. 1973).

Clinical presentation

Percutaneous invasion by infectious larvae in foals
was associated with the appearance of small spots of
hair of darker hue on the face, neck, and limbs of
subjects with light coloured coats, and occasionally
a mild dermatitis (Dewes & Townsend 1990). The
attack of frenzy occurred shortly after rain in warm
humid conditions among mares and foals confined
to yards surfaced with soil. Onset was sudden,
affected every horse in the yard simultaneously and
occupied about 35 minutes. Foals started by first
scratching the face, ears, and neck with their hind
feet, stamped, walked quickly, circled, and rolled in
the mud. Mares stamped, rolled, sweated profusely,
and breathed rapidly through nostrils flared by
distress (Dewes 1989). Patent infection without
clinical signs is not uncommon in foals. It is
proposed that the percutaneous invasion of foals by
third-stage larvae of S. westeri facilitated invasion of
R. equi, an ubiquitous saprophytic opportunist
pathogen (Dewes 1989).

Overwhelming  strongyloidosis  has  been
suggested in a 6-month-old foal evaluated because
of weakness, weight loss, and inappetence of 3
weeks’ duration. Strongyloidosis might have
occurred when it was first exposed to other foals at
5 months of age, because it had not been naturally
exposed to the organism at a younger age and was
immunologically naive (Brown et al. 1997).

Differential diagnosis

The differential diagnosis includes various causes of
diarrhoea in foals (see also p. 262) such as
Clostridium perfringens (significantly associated
with foal diarrhoea [OR = 3.0] as well as
significantly associated with fatal diarrhoea [OR =
4.5]), rotavirus (OR = 5.6), Cryptosporidium spp.
(OR = 3.2), and Salmonella spp. (OR = 14.2).
Overall, C. perfringens, rotavirus, and large numbers
of Cryptosporidium spp. or S. westeri were isolated
from 80% of foals with diarrhoea without statistical
interactions between any of the pathogens associated

with diarrhoea. Thermophilic Campylobacter spp.,
Yersinia enterocolitica, Escherichia coli, and other
parasites were not associated with diarrhoea.
Carriage of C. perfringens, rotavirus and
Cryptosporidium spp. was significantly greater in
healthy foals in contact with cases of diarrhoea than
in foals that were not in contact with diarrhoea
(Netherwood et al. 1996).

Diagnosis

Diagnosis of infection is routinely based on finding
S. westeri eggs in faeces by coprological examination
combined with the occurrence of yellowish
diarrhoea.

Pathology

Massive infection can cause eosinophilic enteritis
with villous atrophy of the proximal part of the
jejunum with intramucosal nematodes and ova.

Management/Treatment

Ivermectin at a dosage of 200 pg/kg BW IM revealed
a greater than 99% reduction in S. westeri egg output
during the 21 days following treatment of foals
(Mirck & van Meurs 1982). Foals from treated
mares (ivermectin at a dosage rate of 200 pg/kg BW
IM on the day of parturition) had significantly fewer
S. westeri epg faeces from 17 to 28 days post-partum.
There were no differences observed in the frequencies
of severity of foal heat diarrhoea between the treated
and control groups (Ludwig et al. 1983). Feeding
pyrantel tartrate daily, beginning at about 3 months
of age was associated with prevalence of eggs of
Parascaris equorum being low (0-31%), of
strongyles being high (at least 80%), of S. westeri
very low, and oocysts of Eimeria leuckarti medium
to high (36-85%). It is uncertain whether the low
ascarid prevalence was from activity of pyrantel
tartrate and/or the other drugs or to a limited source
of infective eggs (Lyons et al. 2007).

The numbers of free-living males and females
and rhabditiform and filariform larvae could be
reduced for at least 5 months by dressing with salt
(Dewes & Townsend 1990). Interestingly, the fungi
D. flagrans and M. thaumasium look promising for
use in the biological control of S. westeri (Araujo et
al. 2010).

Public health significance
Not convincing yet.
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Halicephalobus gingivalis

Phylum Nemathelminthes/Class Nematoda/Order
Rhabditida/Suborder Cephalobina/Superfamily
Panagrolaimoidea/Family Panagrolaimidae/Genus
Halicephalobus

Definition/Overview

Halicephalobus  gingivalis is an ubiquitous
saprophytic nematode that has been reported to
infect humans and horses (Pearce et al. 2001),
causing extensive tissue damage due to aberrant
migration of the nematodes.

Aetiology

Nematodes in the genus Halicephalobus are free-
living, saprophytic, and opportunistic parasites
commonly found in organic matter (Kinde et al.
2000). Among these, H. gingivalis (formerly known
as H. deletrix and Micronema deletrix) is the most
important equine pathogen. Eggs in the two-cell
stage embryonate to larvae in 17 hours at 28°C but
do not hatch for an additional 24 hours. First-stage
larvae are unusually large and variable in length
(136-199 pm, average 168 pm). Inactive third-stage
larvae are 180-240 um (average 203 pm) in length
(Anderson et al. 1998).

Epidemiology
Transmission of H. gingivalis from dam to foal has
been suggested (Wilkins ez al. 2001).

Pathophysiology

H. gingivalis has the ability to produce destructive
lesions and extensive tissue damage because of its
migratory behaviour. The ability of these nematodes
to reproduce parthenogenetically within the host
results in massive numbers occurring in various
tissues, thereby setting up the probability of killing
the host (Kinde ez al. 2000).

Pre-patent period
Not established in the equine species yet.

Clinical presentation

The nematode may form granulomas in the
integument or may disseminate to various organs
with a tropism for the CNS (361, 362) and kidneys
(363-366). Once clinical signs of CNS involvement
develop, the disease is rapidly fatal (Pearce et al.
2001). Clinical signs usually depend on the organs
affected.

Differential diagnosis
The differential diagnosis predominantly includes

various causes of acute neurological disease (see p.
262).

Diagnosis

Diagnosis is usually made at autopsy although
H. gingivalis has been recovered from the semen and
urine of two horses (Kinde et al. 2000).

brain tissue and not a nerve as such, is massively infected by
small thin nematode larvae and adults (arrows) that incite

a mild granulomatous inflammatory reaction and severe loss
of nervous tissue. Halicephalobus gingivalis. (PAS stain.

Bar 200 pm.)
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362 Cerebral nematodiasis. Focal extensive lymphohistiocytic
meningoencephalitis. Within the cerebrum and adjacent
meninges mononuclear inflammatory infiltrates are centred
on a nematode (arrow). Halicephalobus gingivalis. (PAS stain.
Bar 100 pm.)
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Pathology multiple  granulomatous  inflammatory  foci
Macroscopically extensive multifocal to coalescing containing huge numbers of parasites, with organs
firm pale nodular lesions may affect typically the commonly affected by H. gingivalis in horses

kidneys and other organs. Histology might reveal  including brain and meninges, kidneys, lymph nodes,
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363, 364 Renal nematodiasis. Chronic lymphoplasmacytic and histiocytic nephritis with extensive fibrosis. In the centre of the right
micrograph (364) is a pale eosinophilic necrotic and sclerotic remnant of a glomerulus surrounded by mainly lymphoplasmacytic
infiltrates within a fibrotic interstitium. Multiple invading nematodes are present (arrows). Halicephalobus gingivalis. (H&E stain.
Bars 100 pm.)

bulbous (1), the adjoining narrow isthmus (2), and anterior corpus (3); 366: typical morphologic feature of a female didelphic
Halicephalobus gingivalis; the retroflexion of an ovarian arm is depicted (arrow). (PAS stain. Bars 20 ym.)
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spinal cord, adrenal glands, and oral and nasal
cavities. Additional organs reported to be affected to
a lesser degree include eye (367), heart, stomach,
liver, ganglia, and bones (Cantile ez al. 1997, Kinde
et al. 2000, Shibahara et al. 2002, Nadler et al. 2003,
Bryant et al. 2006, Boswinkel et al. 2006, Ferguson
et al. 2008).

Management/Treatment

Although ivermectin (1.2 mg/kg BW PO every
2 weeks for three treatments (Pearce et al. 2001))
might be effective, results of treatment may be
variable due to the presence of enormous numbers
of parasites in granulomatous tissue, even
intracerebrally (Ferguson et al. 2008). Similarly, oral
administration of moxidectin and local application
of an ointment containing prednisolone and
moxidectin revealed a poor clinical response in a 24-
year-old Warmblood horse (Muller et al. 2008).

Public health significance
Halicephalobus sp. has been reported to have
infected human beings (Gardiner et al. 1981).

367 Granulomatous verminous endophthalmitis. On the left a
cross-sectioned eye globe shows a diffuse thickening of the
uvea (arrow). Note the opacity of the vitreous body (asterisk)
compared with the nonaffected eye on the right. This horse
suffered from an infection with the free-living rhabditiform
nematode Halicephalobus gingivalis. It can spread systemically
after penetration of nasal mucosa and skin, and has a tropism
for the CNS and the kidneys in the horse.

Strongylus spp.

Phylum Nemathelminthes/Class Nematoda/Order
Strongylida/Suborder Strongylata/Superfamily
Strongyloidea/Genus Strongylus

Definition/Overview

Intermittent colic predominantly seen in young
horses due to infestation with the large strongyle
Strongylus wvulgaris is regarded as uncommon
nowadays due to common use of anthelmintics.

Aetiology

The strongyle nematodes have a direct life cycle. The
large strongyles of the genus Strongylus migrate
through the body of the host and are also known as
redworms, associated with the presence of blood
from the host in their digestive tract. Following
ingestion via the intestinal tract, S. vulgaris larvae
migrate via the arteries in the intestinal tract (368,
369) to the cranial mesenteric artery. After spending
several months in the cranial mesenteric artery
mature larvae travel to the caecum and colon
ascendens via the arterial system. The large strongyle
larvae of S. edentatus penetrate the intestinal wall
and travel via the portal vessels to the liver where
they stay for about 4 weeks. Subsequently, they use
the hepatorenal ligament to reach the subperitoneal
tissues, where they remain, prior to the last part of
their journey to the large colon and caecum. The
migratory route of the large strongyle larvae of
S. equinus differs from that of S. edentatus in that
they migrate to the pancreas and subperitoneal
tissues subsequent to penetration of the liver
(Soulsby 1968).

S. vulgaris occurs in the large intestine of equines
(370). The male is 14-16 mm long and the female
20-24 mm long and about 1.4 mm thick. This
worm is distinctly smaller than the two preceding
species. Embryonation commences immediately but
is dependent on suitable environmental conditions
such as moisture, oxygen, and a favourable
temperature. At about 26°C a first-stage larva is
produced in 20-24 hours; this hatches from the egg
to become a free-living stage. Infective larvae
penetrate the intestinal wall where, about 8 days
after infection, fourth-stage larvae are produced.
These penetrate the intima of the submucosal
arterioles and migrate in these vessels towards the
cranial mesenteric artery. They are to be found here
from the 14" day after infection onwards,
associated with thrombi and later
(pseudo)aneurysms. Starting on about the 45" day
after infection fourth-stage larvae pass back via the
arterial system to the submucosa of the caecum and
colon, and here become fifth-stage larvae about 3
months after infection. They then enter the lumen
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368, 369 Haemomelasma ilei. Solitary or multiple dark haemorrhagic fibrovascular plaques on the ileal serosa caused by larval
penetration of the gut wall. They can be present in other parts of the intestine as well. Strongylus vulgaris.

and reach maturity, egg production occurring about
200 days after infection (Soulsby 1968).

S. equinus occurs in the caecum and colon of
equines. The male is 26-35 mm long and the female
38-47 mm long and about 2 mm thick. The eggs are
oval, thin-shelled, segmenting when laid, and
measure 70-85 x 40-47 pum. Exsheathed infective
larvae penetrate the mucosa of the caecum and colon
and enter the subserosa where they cause the
formation of nodules. Eleven days after infection,
fourth-stage larvae occur in the nodules and these
migrate to the peritoneal cavity and then to the liver
in which they wander for about 4 months. There
they moult to the fifth larval stage and leave the liver
and return to the large intestine, but the route
employed is unknown except that larvae may be
found in the pancreas during this process. After entry
into the lumen of the colon, they reach maturity, eggs
being produced about 260 days after infection
(Soulsby 1968).

S. edentatus also occurs in the large intestine of
equines. The male is 23-28 mm long and the female
33-44 mm long and about 2 mm wide. This worm
resembles S. equinus macroscopically, but the head is
somewhat wider than the following portion of the
body. The buccal capsule is wider anteriorly than at
the middle and contains no teeth. Infective larvae
enter the wall of the liver via the portal system. In the
liver, fourth-stage larvae are produced about 11-18
days after infection. They may migrate in the liver for
up to 9 weeks and then pass between the peritoneal
layers of the hepatic ligaments to reach the parietal
peritoneal region in the right abdominal flank.

370 Strongylosis. Large intestinal mucosa with blood-stained
adult S. vulgaris (arrows). Note the two prominent mucosal
nodules containing young adult nematodes. Strongylus
vulgaris.
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Late fourth- and early fifth-stage larvae are found
at this site in association with haemorrhagic nodules
that vary in size from 1 to several centimetres in
diameter. Larvae are found here up to about 3
months after infection, but they then migrate
between the layers of the mesocolon to the walls of
the caecum and colon, here again causing
haemorrhagic nodules. Eventually the young adult
worms pass to the lumen and become mature. Eggs
are produced about 300-320 days after infection
(Soulsby 1968).

Epidemiology

The epidemiology of infestation depends largely on
local climatic conditions, but mares are the main
source of infection for foals. Arterial lesions caused
by migrating S. vulgaris larvae were observed in
5.8% of equids at necropsy in central Kentucky, USA
(Lyons et al. 2000). However, several decades of
intensive anthelmintic use has virtually eliminated
clinical disease caused by S. vulgaris (Nielsen et al.
2008).

It is of interest to note that competitive
interactions have been observed between S. edentatus
and S. vulgaris in the caecum and ventral colon. When
S. edentatus is in the caecum, the favourite site of S.
vulgaris, the latter decreases especially in the caecum.
On the other hand, when S. edentatus is in the ventral
colon, its favourite site, there is no negative
relationship with S. vulgaris in the ventral colon and
the positive correlation observed is maintained
(Stancampiano et al. 2010).

Pathophysiology

The significance of transglutaminase in the early
growth and development of S. vulgaris, S. edentatus,
and S. equinus has been shown (Rao et al. 1999).
The sharply delineated but superficial attachment to
the equine caecum by the mouth of S. vulgaris leaves
behind an oval area devoid of epithelial cells.
However, attachment does not extend deeply enough
to reach the muscularis mucosa layer of the equine
intestine (Mobarak & Ryan 1999). Despite the lack
of proinflammatory cytokine induction with the
apparent inflammatory response to S. vulgaris there
is evidence of a potential role of nitric oxide (NO)
(Hubert et al. 2004). It has been stated that
S. vulgaris amphids, tooth core, intestine, excretory
gland and ducts, and hypodermis are either antigen-
producing tissues, or antigens sharing common
epitopes (Mobarak & Ryan 1998). Increased caecal
and colonic motility is an important host response
in susceptible foals exposed to S. vulgaris larvae
(Lester et al. 1989).

Pre-patent period

The pre-patent period of S. wvulgaris is about
200 days (Soulsby 1968). Following surgical
implantation peak epg values of 13-327 (S. vulgaris)
and 363-1,284 (S. edentatus) generally occurred
during the first 3 weeks post-implantation. Duration

of infections was as long as 5 years (McClure et al.
1994).

Clinical presentation

Clinical signs include intermittent fever as well
as recurrent colic. As an example, S. vulgaris
migration and cranial mesenteric arterial thrombus
formation resulted in fatal colic in a 3-month-old
Thoroughbred foal (DeLay et al. 2001). In addition,
crusting, exudative dermatitis of the coronary bands
as well as lingual and buccal ulcerations were
associated with eosinophilic gastroenteritis due to S.
edentatus in a 3-year-old Quarter Horse gelding
(Cohen et al. 1992).

Differential diagnosis
Only three common parasitisms of horses are likely
to be manifested as colic: Strongylus wvulgaris,

Parascaris equorum, and Anoplocephala perfoliata
(Reinemeyer & Nielsen 2009).

Diagnosis

The diagnosis of S. vulgaris infestation is based on
clinical signs (including enlarged and painful cranial
mesentery artery as noticed on rectal palpation
and/or ultrasound) combined with increased
strongyle faecal egg counts and the presence of
hyperbetaglobulinaemia. Larval culture is indicated
for definitive diagnosis, as small and large strongyle
eggs cannot be differentiated on microscopic
examination (Chapman et al. 1994). However, a
fluorescence-based quantitative TagMan real-time
PCR assay reliably and semiquantitatively detected
small numbers of S. vulgaris eggs in faecal samples
(Nielsen et al. 2008). In addition, an RLB assay
identified 13 common species of equine small
strongyles (cyathostomins) and discriminated them
from three Strongylus spp. (large strongyles)
(Traversa et al. 2007).

Pathology

In cases of S. vulgaris infestation, necropsy reveals
thrombosis and inflammation of the cranial
mesenteric artery with thickening of its wall
erroneously referred to as aneurysm (371-376).
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371 Verminous aneurysm. Incised saccular aneurysm with 372 Verminous aneurysm. Close-up of an incised aneurysm of

mural osseous metaplasia of the cranial mesenteric artery the cranial mesenteric artery. Note the fourth-stage larvae
(arrow), the result of a chronic arteritis due to fourth-stage (arrows) of Strongylus vulgaris.

nematode larvae of Strongylus vulgaris.

373, 374 Chronic verminous arteritis. 373: Close-up of a cross-sectioned branch of the mesenteric artery. Note the thickened
vessel wall with reddish fourth-stage larvae (arrow) embedded within a thrombus. Strongylus vulgaris; 374: a similar nearly
completely obstructing thrombus (formalin fixed specimen).

375, 376 Chronic proliferative verminous arteritis of the aorta in a donkey. Multiple intraluminal protruding inflammatory foci
have resulted from migration of fourth-stage larvae in the aortic wall. This lesion can give rise to thromboemboli which may infarct
the intestine with subsequent severe colic. Strongylus vulgaris.
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Histological examination revealed that thrombosis
and the severity of inflammation (377) varied on a
seasonal basis and were directly associated with
larval presence (378, 379). Intimal and adventitial
fibrosis were generally of greater severity than
medial fibrosis. Fibrosis of the vasa vasorum was less
frequent than fibrosis of the artery itself.

Morphometry revealed a significant increase in
intimal, adventitial, and, to a lesser extent, medial
areas in affected as compared with normal arteries.
This change was due to the accumulation of collagen
and was considered to result in decreased arterial
elasticity. The luminal area varied widely among
affected arteries (Morgan et al. 1991). Furthermore,

focal infarction in the digestive tract may also be
noticed (380). In cases of S. edentatus infection,
hepatitis and subserosal haemorrhage are seen,
whereas pancreatitis is additionally seen in cases of
S. equinus infestation. Migration of eosinophils to
the equine large intestinal mucosa appears to be
independent of exposure to parasites, indicating that
large intestinal mucosal eosinophils may have more
functions in addition to their role in defence against
parasites (Rotting ef al. 2008).

377 Verminous thromboarteritis. Cross-sectioned larva; note
the thin rim of platymyarian musculature (arrow) and the
prominent thick-walled intestine (arrowhead). Strongylus
vulgaris. (H&E stain. Bar 200 um.)
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378, 379 Fibrinonecrotizing and eosinophilic thromboarteritis of a branch of the cranial mesenteric artery with a longitudinal
section (378) and a cross-section (379) of an intralesional fourth-stage larval nematode. Note the irregular eroded arterial luminal
surface devoid of endothelial lining. Strongylus vulgaris. (H&E stain. Bars 500/200 pym, respectively.)
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Management/Treatment

In order to prevent anthelmintic resistance it is of
importance to combine prudent use of anthelmintics
with frequent monitoring of the level of herd
infestation by means of strongyle faecal egg counts.
The use of pasture rotation and removal of manure
if possible are additional important management
factors. Treatment of diseased horses is supportive,
especially with regard to the verminous arteritis with
TMP/S and NSAIDs.

The available oral anthelmintics that are effective
against adult and migrating large strongyles are the
benzimidazoles (fenbendazole at 5 mg/kg BW) and
macrocyclic lactones (ivermectin at 200 pg/kg BW

380 Arterial thromboembolus in the mesocolon, resulting in

and moxidectin at 400 pg/kg BW) (Monahan et al.
1996, Bauer et al. 1998, Costa et al. 1998). A tablet
formula of ivermectin—praziquantel showed 100%
anthelmintic efficacies on S. wvulgaris, S. equinus,
and S. edentatus (Bonneau et al. 2009). There is no
effective vaccine available yet for horses (Swiderski
et al. 1999), although protection by immunization
with irradiated larvae was associated with an
anamnestic eosinophilia and post-immunization
antibody recognition of S. wulgaris L, surface
antigens (Monahan et al. 1994).

Public health significance
Not convincing yet.

necrosis of the infarcted segment of the intestine. Strongylus

vulgaris.
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Cyathostomum spp.

Phylum Nemathelminthes/Class Nematoda/Order
Strongylida/Suborder Strongylata/Superfamily
Strongyloidea/Genus Cyathostomum

Definition/Overview

Weight loss and anaemia predominantly seen in
young horses can be due to infestation with small
strongyles (genera Cyathostomum and Trichonema
spp.), regarded as the economically most important
equine internal parasites. The term strongylosis is
used to indicate infestation with either the large
strongyles (genera Strongylus and Triodontophorus
spp.) and/or small strongyles.

Aetiology

The nematodes are free-living or parasitic,
unsegmented worms, usually cylindrical and elongate
in shape. With a few exceptions the sexes are separate.
The white adult nematodes (381, 382) belonging to
the Tribe Cyathostominea genus Cyathostomum
consisting of 52 species (Lichtenfels et al. 2002) are
found in the caecum and colon ascendens. Thin-shelled
oval strongyle eggs (383, 384) and reddish fourth-stage
(L) larvae are passed with the faeces (385, 386). The
former develop to infective third-stage larvae on
pasture as their life cycle is direct. Infestation is by
ingestion of the infective larvae. The small
strongyles do not migrate through the body of the

S T S S S R R

ris equorum egg (arrow) (384).
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host (Soulsby 1968). With reference to individual
species analysis, 28.5% of the L, were identified as C.
longibursatus, 25.7% as C. nassatus, 15.9% as C.
ashworthi, 7.3% as C. goldi, 1.7% as C. catinatum,
and 20.9% unidentified isolated from the diarrhoeic
faeces of horses. When L, within faeces from
individual horses were compared, no sample was
found to comprise parasites of one species. The least
number of species identified in a single sample was two
(Hodgkinson et al. 2003). As part of an investigation
into mechanisms involved in reactivation of mucosal
larval stages, a gene encoding a predicted LIM
domain-containing protein (Cy-LIM-1) was identified.
LIM domains are cysteine- and histidine-rich motifs
that are thought to direct protein—protein interactions.
Proteins that contain these domains have a wide range
of functions including gene regulation, cell fate
determination, and cytoskeleton organization
(Matthews et al. 2008).

Epidemiology

The epidemiology of infestation depends largely on
local climatic conditions, but mares are the main
source of infection for foals. Arrested development
by means of encystation within the intestinal wall is
a strategy employed in areas with bad winter
conditions. An unusual feature of cyathostome
biology is this propensity for arrested larval
development within the large intestinal mucosa for
more than 2 years. From limited studies it appears
that this arrested larval development is favoured by:
feedback from luminal to mucosal worms; larger size
of challenge dose of larvae, and trickle (versus single

385
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385, 386 Cyathostominae. Small reddish fourth-stage nematode larvae are passed with the faeces. Cyathostomum spp.
(Scale in mm.)

bolus) infection. During arrested larval development
cyathostomes have minimal susceptibility to all
anthelmintic compounds, thus limiting the
effectiveness of therapeutic and/or control strategies
(Love et al. 1999). Transcription of the protein
cyathostomin gut-associated larval antigen-1 (Cy-
GALA-1) was restricted to cyathostomin encysted
larvae, and the presence of native protein was limited
to developing larval stages (McWilliam ez al. 2010).

Pathophysiology

The clinical signs are due to damage to the mucosa
either from so-called plug feeding of the adult worms
and/or from inflammation caused by the
synchronous emergence of larval stages within the
wall of the digestive tract following overwintering.
As a result, fluid malabsorption in caecum and colon
ascendens might occur, inducing diarrhoea.
Furthermore, anaemia can be caused by chronic
blood loss, malabsorption of haematopoietic
nutrients, and chronic inflammation itself. It is
evident that cyathostomes are pathogenic at times of
both penetration into and emergence from the large
intestinal mucosa (Love et al. 1999).

To date there are few data available on the
molecular mechanisms of anthelmintic resistance in
cyathostomes; beta-tubulin gene is the only
anthelmintic resistance-associated gene that has
been cloned (Kaplan 2002).

Pre-patent period
The pre-patent period is 6-10 weeks (Soulsby 1968).
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Clinical presentation

Clinical signs include rough hair coat associated with
delayed shedding, pyrexia, weight loss, poor
performance, diarrhoea, and anaemia (Lyons et al.
2000). The occurrence of diarrhoea ranges from
sudden onset to chronic debilitating concomitant with
severe weight loss. Cases are most prevalent during
late winter and early spring, also known as winter
cyathostominosis. As a sequela, ventral oedema (387,
388) might develop as well as caecocaecal and
caecocolic intussusceptions (389) (Lyons et al. 2000,
Mair et al. 2000). Larval cyathostominosis due to
poor deworming during the first years of life in
individual horses has a very grave prognosis. Clinical
cyathostominosis occurs more commonly in young
horses in late winter/early spring, but there is lifelong
susceptibility to cyathostomes and they can cause
clinical disease in any age of horse during any season
(Love et al. 1999). Furthermore, clinical larval
cyathostominosis is predominantly caused by mixed-
species infections (Hodgkinson ez al. 2003).

Differential diagnosis

The differential diagnosis includes various (chronic)
causes of weight loss, diarrhoea, and anaemia (390,
391) (see p. 262).
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Diagnosis

The diagnosis is based on clinical signs
combined with increased strongyle faecal egg counts,
the presence of anaemia on haematological
assessment, hypoalbuminaemia, and hyperbeta-
globulinaemia (includes IgG(T)). Furthermore, rectal
exploration sometimes reveals white adult
nematodes and/or reddish fourth-stage larvae passed
with the faeces. However, in individual cases the
strongyle faecal egg count is not well correlated with
the number of adult nematodes present, and fails to
reveal the presence of larval stages. Furthermore, it
is not possible to differentiate between large and
small strongyles based on faecal egg morphology.
However, an RLB assay enables the accurate and
rapid identification of 13 common species of equine
small strongyles (cyathostomins) and is able to
discriminate them from three large Strongylus spp.
(S. edentatus, S. equinus, and S. vulgaris) irrespective
of their life-cycle stage (Traversa er al. 2007).
Nevertheless, despite the clinical importance of these
nematodes, diagnostic techniques for the pre-patent
stages do not exist yet although anti-25 kDa IgG(T)
levels correlated positively with mucosal and luminal
burdens (Dowdall et al. 2004). It should be noted
that for instance tetanus vaccination also induces
IgG(T) production.

387, 388 As a sequela of cyathostominosis, ventral oedema might develop due to hypoalbuminaemia associated with protein-

losing enteropathy.
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389 As a sequela of cyathostominosis, rectal prolapse might
develop due to hypoalbuminaemia associated with protein-
losing enteropathy.
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390, 391 A ruptured prepubic tendon and ventral abdominal hernia occurring during the last part of gestation due to the weight
of the gravid uterus can be compared with ventral oedema due to cyathostominosis. Note the cranial dislocation of the teats.
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Pathology

In massive emergence of larvae from the intestinal
wall, gross necropsy findings may include a catarrhal
colitis and/or typhlitis with a thickened oedematous
hyperaemic mucosa (392) and ulcerations. Inhibiting
or hypobiotic larvae may be seen as small mucosal
grey or black dots, sometimes even the coiled dark red
larvae itself may be discernible through the mucosal
surface (393-397).

Management/Treatment

In order to prevent anthelmintic resistance it is of
importance to combine prudent use of anthelmintics
with frequent monitoring of the level of herd
infestation by means of strongyle faecal egg counts.
The use of pasture rotation and removal of manure
if possible are important additional management
factors. Treatment of diseased horses is supportive,
especially with regard to diarrhoea.

The dosing interval of anthelmintics is based
predominantly on the drug used. Drug resistance on
individual farms can be monitored by assessment of
reduction in strongyle faecal egg counts 2-3 weeks
following anthelmintic treatment. A reduction rate
of less than 95% might indicate anthelmintic
resistance. The available oral anthelmintics which
are effective against adult and nonencysted
strongyles are the benzimidazoles (fenbendazole at
5 mg/kg BW and oxfendazole at 10 mg/kg BW),

heterocyclic drugs (piperazine at 88 mg/kg BW),
tetrahydropyrimidines (pyrantel at 6.6 mg/kg BW),
and macrocyclic lactones (ivermectin at 200 pg/kg
BW and moxidectin at 400 pg/kg BW).
Fenbendazole at 10 mg/kg BW for 5 consecutive
days and moxidectin at 400 pg/kg BW are also
effective against encysted strongyles overwintering
in the intestinal wall (Lyons et al. 2000, Deprez &
Vercruysse 2003). It has been shown that treatment
with either drug was efficacious against tissue
larvae of cyathostomins but in contrast to
moxidectin effects, killing of larvae by fenbendazole
was associated with severe tissue damage, which
clinically may correspond to reactions caused by
synchronous mass emergence of fourth-stage larvae,
i.e. may mimic larval cyathostominosis (Steinbach
et al. 2006).

Neither ivermectin nor pyrantel anthelmintic
resistance was detected on German horse farms in
2003 and 2004 with reference to cyathostomins, as
based on reduction of cyathostomin egg production
14 and 21 days post-treatment (Samson-
Himmelstjerna et al. 2007). However, the
widespread incidence of resistance to certain
anthelmintics is reducing treatment options
(Corning 2009).

Public health significance
Not convincing yet.
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392 Cyathostominosis. Catarrhal colitis. The mucosa is 393 Cyathostominosis. Colon containing numerous small red
hyperaemic oedematous with multiple small ulcerative fourth-stage nematode larvae. Cyathostomum spp. (Scale
lesions. Cyathostomum spp. in mm.)

:‘l.h_r: '!\1 ) s "i
394 Cyathostominosis. Colon contains numerous red and 395 Cyathostominosis. Colon containing numerous white

coiled fourth-stage (L,) larvae embedded within the mucosa adult nematodes. Cyathostomum spp.
(arrows). Note the multiple interspersed dark pinpoint
haemorrhages. Cyathostomum spp. (Scale in mm.)

T

396, 397 Cyathostominosis. L.
mild to moderate inflammation. Cyathostomum spp. (H&E stain. Bars 200/100 pm, respectively.)
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Dictyocaulus arnfieldi

Phylum Nemathelminthes/Class Nematoda/Order
Strongylida/Suborder Strongylata/Superfamily
Trichostrongyloidea/Family Dictyocaulidae/Genus
Dictyocaulus

Definition/Overview

Dictyocaulus arnfieldi is a cause of chronic coughing
in horses. The donkey is regarded as the natural host
of D. arnfieldi and may host large numbers of
lungworms without showing clinical signs. In horses,
development from fifth-stage larvae to the adult
stage in the bronchial tree is frequently prevented.

Aetiology

The equine lungworm is named D. arnfieldi.
D. arnfieldi occurs in the bronchi of the horse,
donkey, and tapir and is found worldwide. The male
measures up to 36 mm and the female measures up
to 60 mm long. The eggs measure 80-100 x 50-60
pm. Eggs usually do not hatch before being passed in
the faeces. Following infection, the larvae penetrate
into the intestinal wall and pass via the blood and
lymph vessels to the lungs. The fourth-stage larvae
are found in the lung parenchyma during their
passage from the lymph-vessels to the bronchi. The
worms grow to be adult in 39 days after infection
(Soulsby 1968). Genomic DNA from the four
Dictyocaulus species D. viviparus, D. eckerti, D.
filaria, and D. arnfieldi analysed by means of
random amplified polymorphic DNA (RAPD) PCR
revealed that lungworms from fallow deer belong to
a separate species (D. eckerti), whereas the similarity
coefficient of D. viviparus, D. eckerti, D. filaria, and
D. arnfieldi ranged from 12% to 32% (Epe et al.
1995).

Infection follows ingestion of third-stage larvae.
These larvae travel from the digestive tract
following ingestion via the lymphatic vessels and
vascular system to the lungs where they develop to
the adult stage in the bronchial tree. Adult females
produce larvated eggs which are passed in the
faeces, hatching almost immediately to first-stage
larvae (Soulsby 1968).

Epidemiology

In the majority of clinical cases of lungworm
infection in horses there has been previous contact
with donkeys. Prevalence of natural infections of the
lungworm, D. arnfieldi, was 54% for donkeys and
mules, 2% for Thoroughbreds, 2% for
Standardbreds, 0% for American Saddle Horses, 3%
for other breeds or mixed breeds, and 0% for ponies
in Kentucky, USA from 1983-1984 (Lyons et al.
1985).

Pre-patent period

Within 11 weeks of exposure both pony and donkey
foals developed patent lungworm infections (Clayton
& Duncan 1981).

Clinical presentation

Clinical signs in horses include chronic coughing,
tachypnoea, and weight loss. However, young foals
especially develop patent infection without clinical
signs. In contrast, donkeys rarely show clinical signs
in case of lungworm infection.

Differential diagnosis
The differential diagnosis includes various causes of
chronic coughing (see p. 263).

Diagnosis

Diagnosis is based on the history, clinical signs, and
the presence of first-stage lungworm larvae in the
faeces as detected by means of the Baermann
technique. Occasionally, adult lungworms may be
visualized endoscopically in the bronchi.
Furthermore, fourth- or fifth-stage larvae may be
collected via transtracheal wash or bronchoalveolar
lavage. Interestingly, eosinophilia proved useful in
detecting lungworm infections in donkeys (Urch &
Allen 1980).

Pathology

Pathological ~ examination  reveals  chronic
eosinophilic bronchitis containing lungworms,
atelectasis, and eventually emphysema mostly
evident in the caudodorsal lung regions.

Management/Treatment

Apparently normal donkeys may shed first-stage
larvae frequently via the faeces. Contact with
untreated donkeys should be avoided and donkeys
should be regularly dewormed. Ivermectin paste is
probably the drug of choice, at a dose rate of 200
pg/kg BW orally once, being highly effective against
both adult and immature or inhibited stages of the
horse lungworm, with no eggs present in faeces from
7 to 15 days after treatment (Britt & Preston 1985).
The same was true for 0.4 mg/kg BW moxidectin
orally once, with no eggs present in faeces up to 34
days after treatment in donkeys (Coles et al. 1998) in
contrast with 7.5 mg fenbendazole/kg BW
administered to donkeys (Urch & Allen 1980).

Public health significance
Not convincing yet.
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Parelaphostrongylus tenuis

Phylum Nemathelminthes/Class Nematoda/ Order
Strongylida/Suborder Strongylata/ Superfamily
Metastrongyloidea/ Family
Protostrongylidae/Genus Parelaphostrongylus

Definition/Overview

Neurological disease in the horse can be due to the
meningeal nematode Parelaphostrongylus tenuis
(formerly Odocoileostrongylus tenuis).

Aetiology

There are seven genera within the family
Protostrongylidae that produce dorsal-spined larvae.
Of these, species from both Parelaphostrongylus and
Elaphostrongylus are known to infest the host CNS
and musculature, whereas the other five genera
occupy host lungs exclusively. P. tenuis, a member of
the family Protostrongylidae within the superfamily
Metastrongyloidea, also called meningeal worm or
brain worm, is a common neurotropic parasitic
nematode of white-tailed deer throughout eastern
North America (Soulsby 1968, Anderson 2000).
Mature parasites in white-tailed deer occur in the
CNS and eggs are carried by the bloodstream to the
lungs, where they form small emboli. Larvae hatch
from such eggs, enter the alveoli, and pass out in the
faeces. Terrestrial snails serve as intermediate hosts
(Anderson 2000). P. tenuis measures 48—65 mm in
length with an undivided bursa in the male. Infection
of fawns with infected snails results in fourth- and
fifth-stage larvae in the brain and spinal cord 25 days
after infection. By 50 days immature adults are
found in the dura mater of the spinal cord and
cerebral hemispheres (Soulsby 1968).

Epidemiology

Protostrongylid nematode infection should be
included as a differential diagnosis for instances of
neurological disease in horses in endemic areas of
eastern North America (Tanabe et al. 2007).

Pathophysiology

Parasitic migratory encephalomyelitis is a rare but
important cause of neurological disease in horses.
Metazoan parasites identified from the equine CNS
include nematodes (Strongylus vulgaris, S. equinus,
Angiostrongylus  cantonensis,  Halicephalobus
gingivalis, Setaria spp., P. tenuis, and Draschia
megastoma) and fly larvae (Hypoderma spp.) (Lester
1992, Tanabe et al. 2007).

Pre-patent period
Not established in the equine species yet, but perhaps

90 days as reported in white-tailed deer (Soulsby
1968,).

Clinical presentation

Clinical examination in a 6-month-old Arabian colt
revealed marked spastic tetraparesis and ataxia in all
four limbs. The head and neck were held to the right
side (Tanabe et al. 2007). Furthermore, a 4-year-old
Hanoverian gelding was diagnosed with P. tenuis in
the right eye. Ophthalmologic examination of the
right eye upon admission revealed a white, thin,
coiled, mobile nematode, located in the ventral
portion of the anterior chamber of the eye with
vitreal strands located temporally and inferiorly near
the margin of the pupil. Results of ophthalmologic
examination of the left eye were unremarkable
(Reinstein et al. 2010).

Differential diagnosis
The differential diagnosis predominantly includes

various causes of acute neurological disease (see p.
262).

Diagnosis
CSF from a 6-month-old Arabian colt contained
mildly increased protein (1.2 g/l, normal range 0.05-
1.0 g/l) and 1200 cells/pl (58% lymphocytes, 40%
neutrophils, 2% macrophages, and a few eosinophils
and erythrocytes). CT examinations were normal
except for a mild atlanto-occipital joint subluxation
(Tanabe et al. 2007).

Diagnosis of infection may be based on finding
P. tenuis eggs (approximately 21 pm in length with
a thin shell (Tanabe et al. 2007)) in faeces by
coprological examination, combined with acute
neurological disease.

Pathology

Parasitic granulomatous eosinophilic inflammation
was observed in the CNS of a 6-month-old Arabian
colt associated with P. tenuis infection. Inflammation
was associated with eggs, larvae, and adult
nematodes in the cerebellum (Tanabe et al. 2007).

Management/Treatment

It has been reported that clinical signs persisted
following treatment with dexamethasone (Tanabe et
al. 2007). In addition, surgical extraction of an
intraocular infection of P. tenuis has been reported
associated with uncomplicated recovery from the
procedure and retained vision (Reinstein et al. 2010).

Public health significance
Not convincing yet.
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Parascaris equorum

Phylum Nemathelminthes/Class Nematoda/Order
Ascaridida/Suborder Ascaridata/Superfamily
Ascaridoidea/Family Ascarididae/ Genus Ascaris

Definition/Overview

The roundworm Parascaris equorum is common in
foals and is associated with decreased weight gain.
An important sequela is death associated with
intestinal obstruction and/or rupture associated with
subsequent peritonitis due to massive numbers of
adult parasites in the small intestine.

Aetiology

P. equorum has a direct life cycle, with a free-living
and a parasitic phase (Clayton 1986). After
ingestion, embryonated eggs hatch in the host’s small
intestine. The larvae penetrate the intestinal mucosa
and migrate to the liver and lungs. They then travel
up the bronchial tree, are swallowed, and develop
into mature adult ascarids in the duodenum and
proximal jejunum (398) (Clayton 1986, Austin et al.
1990). The males are 15-28 cm long and the females
up to 50 cm x 8 mm (399). The eggs are subglobular
with a thick, pitted albuminous layer and measure
90-100 pm in diameter (400). The worms reach
maturity in about 12 weeks after infection (Soulsby
1968).

Epidemiology
Specific examination for P. equorum indicated that

0-46% of weanlings and 10% of older horses were
infected (Lyons et al. 2000, Lyons et al. 2007).

Pathophysiology

The incidence of acute small intestinal obstruction
associated with P. equorum infection within 24
hours of anthelmintic treatment can be up to 72%
(Cribb et al. 2006). In comparison, in a previous
study 27% of horses had been administered
anthelmintics within 24 hours prior to the onset of

colic associated with ascarid impaction (Southwood
et al. 1996).

Pre-patent period
The pre-patent period of P. equorum is 72-110 days
(Clayton 1986, Austin et al. 1990).

Clinical presentation

P. equorum infection is associated with lethargy,
inappetence, unthriftiness, a rough hair coat, pot-
bellied appearance, decreased weight gain,
hypoproteinaemia, coughing, and nasal discharge in
young horses (Austin ef al. 1990). Acute small
intestinal obstruction associated with P. equorum
infection is usually seen under the age of 12 months
(median age at presentation was 5 [range 3-24|
months). Horses were four times more likely to
present in autumn with colic associated with P.
equorum infection than in any other season (Cribb et

al. 2006).

Differential diagnosis

The differential diagnosis includes various causes of
chronic weight loss in elderly foals such as
strongylosis, chronic inflammation (e.g. pneumonia,
endocarditis), Lawsonia intracellularis infection,
cardiovascular anomalies, malocclusions, renal
hypoplasia, portal vein anomaly, and congenital
hepatic fibrosis.

Diagnosis

Diagnosis of infection is routinely based on finding
P. equorum eggs in faeces by coprological
examination combined with the occurrence of
clinical signs. Ultrasound examination of the
abdomen may visualize the parasite within the small
intestine. Remarkably, adult parasites are sometimes
collected via nasogastric reflux, thereby assisting in
diagnosis.

Pathology

Apart from the obvious presence of intraluminal
intestinal ascarid nematodes, marked white spots on
the liver capsule and firm calcified subpleural lung
nodules (chalicosis nodularis pulmonis), can be

encountered at necropsy associated with larva
migrans (401-403).
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398 Several large mature roundworms encountered at
endoscopy in the stomach. The endoscope enters the
stomach via the cardia.

400 Parascaris equorum eggs are very long-lived and very
resistant to usual methods of eradication: Note a dark infertile
unembryonated egg on the right (arrow).

402 Multifocal miliary pulmonary calcified nodules. Numerous
small (1-3 mm in diameter) firm calcified white foci (arrows)
attributed to larva migrans. Parascaris equorum.

403 Chalicosis nodularis pulmonis. Micrograph of a remnant lesion in the lung of larval migration, a dark bluish-purple focus of

399 Parascaridiosis. Close-up of an individual mature ascarid
nematode; the females can reach 50 cm in length. Parascaris
equorum. (Scale in mm.)

401 Multifocal hepatocapsular fibrosis. Extensive multiple
white firm fibrous plaques and filaments are present on the
liver capsule. Such lesions are scars attributed to parasitic
migrations. Implicated are Strongylus vulgaris and S. edentatus
larvae, Parascaris equorum larvae, and Fasciola hepatica
metacercariae.

251

dystrophic calcification centred on a dead larva (mostly inapparent in sections), with concentric encapsulating fibrosis and an outer
rim of eosinophils and macrophages. These are coincidental findings at necropsy generally without clinical significance. Parascaris
equorum. (H&E stain. Bar 200 pm.)
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404, 405 Parascaridiosis. Numerous large mature roundworms encountered at necropsy in the small intestines of usually juvenile

horses. Within a fresh necropsy the worms are frequently still alive and motile. Parascaris equorum.

Management/Treatment
Of 25 cases of acute small intestinal obstruction
associated with P. equorum infection, 16 had simple
obstructive ascarid impactions and nine had
complicated obstructive ascarid impactions including
volvulus or intussusception (404-407). Ascarid
impactions that required surgical treatment had an
overall long-term survival of 27%. Formation of
adhesions was the most frequent finding associated
with death in horses that did not survive more than
1 year. On the other hand, small intestinal
obstruction associated with P. equorum infection
accounted for 0.4% of colic surgery performed on
horses less than 1 year of age. In cases of heavy
parasite burden, anthelmintic treatment should be
preceded by the administration of mineral oil via
nasogastric tube in order to reduce the risk of post-
treatment ascarid obstruction/intestinal rupture
(Cribb et al. 2006).

Horses older than 6 months develop immunity to
P. equorum (Clayton 1986). Various broad-
spectrum anthelmintics (including piperazine) are
effective against P. equorum. However, an emerging
resistance of P. equorum to ivermectin has been
reported (Boersema et al. 2002, Cribb et al. 2006,

Samson-Himmelstjerna et al. 2007, Schougaard &
Nielsen 2007). A paste formulation of pyrantel
pamoate (at a dosage of 13.2 mg/kg BW) was
97.3% effective against macrocyclic lactone-
resistant P. equorum (Reinemeyer et al. 2010).

Faecal monitoring for anthelmintic efficacy
should be an integral component of the anthelmintic
treatment programme for all foals from 3—4 months
of age (Cribb et al. 2006).

The infective eggs are very long-lived and very
resistant to usual methods of eradication. Likewise,
regular steam-cleaning of the stall environment,
removal of faeces from pasture at least twice a week
(408), and pasture rotation are additional techniques
for reducing environmental burdens of P. equorum
eggs (Cribb et al. 2006). At 45°C and 50°C, 2 log10
reduction of viability is reached after between 8 and
24 h of incubation, and it takes less than 2 h at 55°C
and 60°C to achieve a viability reduction of 2 log10
P. equorum eggs. These temperatures are potentially
encountered during horse manure composting
(Hébert et al. 2010).

Public health significance
Not convincing yet.
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406, 407 Parascaridiosis. Intestinal volvulus (approximately 720° clockwise), an exceptional associated lesion with heavy burdens

of jejunum-obstructing roundworms that most probably provokes a causative peristalsis. Other associated lesions are

jejuno-jejunal intussusceptions and perforations. Note the markedly hyperaemic congested and thickened intestinal wall.
Parascaris equorum.

g el y - U

408 Removal of faeces from pasture at least twice a week is an additional method for reducing
environmental burdens of Parascaris equorum eggs.
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Oxyuris equi

Phylum Nemathelminthes/Class Nematoda/
Order Oxyurida/Suborder Oxyurata/Superfamily
Oxyuroidea/Family Oxyuridae/Genus Oxyuris

Definition/Overview

Oxyuris equi occurs in the large intestine of equines
in all parts of the world, with pruritus in the perianal
region as a classical clinical sign.

Aetiology

The male is 9-12 mm long and the female up to 150
mm long (409, 410). The mature females have a
slatey-grey or brownish colour and narrow tails
which may be more than three times as long as the
rest of the body. The males and young females
inhabit the caecum and large colon. After

fertilization the mature females move down to the

Al

rectum and crawl out through the anal opening with
the anterior parts of their bodies. The eggs are
elongate, slightly flattened on one side, provided
with a plug at one pole (so-called operculum), and
measure about 90 x 42 pm. They are laid in clusters
on the skin in the perineal region (411, 412).
Development of the egg is rapid, reaching the
infective stage in 3—-5 days (413) (Soulsby 1968).

Epidemiology
Prevalences and intensities of O. equi adults and
larvae were reduced compared with a survey

conducted 20 years earlier in the same region in
Louisiana, USA (Chapman et al. 2002).

Pre-patent period
The sexually mature adult stage is reached about 4-
5 months after infection (414, 415) (Soulsby 1968).

410

409, 410 Infection with the horse pinworm may lead to perineal irritation and pruritus due to perianal yellow-white crusty egg
clutches deposited by female nematodes, which can be recognized in faecal examination because of their typical slender pointed

anterior end. Oxyuris equi. (Scale in mm.)
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413 Eggs of Oxyuris equi.

414, 415 Histological micrograph of the pointed rear end of a female pinworm harbouring many round to ovoid thick-shelled
embryonated eggs, magnified in 415. Note the plug at one pole (arrow). Application of cellophane tape to the perianal skin may
recover ova and possible remnants of dried female pinworms that may be used in a diagnostic microscopic wet mount. Oxyuris
equi. (H&E stain. Bars 500/50 pym, respectively.)
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Clinical presentation
The classical clinical sign is pruritus in the perianal
region ultimately leading to focal alopecia in the

perineal region and broken hairs on the tail base
(416-418).

Differential diagnosis
The differential diagnosis includes various causes of
pruritus (see p. 263).

Diagnosis

Application of cellophane tape to the perianal skin
may recover ova and possible remnants of dried
female pinworms that may be used in a diagnostic
microscopic wet mount.

Pathology

Pathology is associated with broken hairs on the tail
base and secondary skin lesions due to pruritus.
Remarkably, O. equi eggs were recovered from

haemomelasma ilei lesions on the ileal serosa of a
Thoroughbred yearling filly (Tolliver et al. 1999).

Management/Treatment

Ivermectin paste administered to horses orally
at 200 pg/kg BW (Klei et al. 2001) and moxidectin
at 300-400 pg/kg BW (Monahan et al. 1996, Bauer
et al. 1998) were highly effective against O. equi.

Following anthelmintic treatment, the perineal
region should be washed regularly. The lack of
anthelmintic treatment appeared not to affect
prevalence rates for Anoplocephala perfoliata and

Anoplocephala  magna  in  contrast  to
prevalence rates for O. equi, Strongylus
spp., Triodontophorus spp., Craterostomum

acuticaudatum, and Parascaris equorum (Torbert et
al. 1986). A recent study showed that numbers of
O. equi adults recovered post-mortem were
significantly decreased by both pyrantel pamoate
and ivermectin treatment, with efficacies of 91.2%
and 96.0%, respectively. In addition, both products
demonstrated >99% efficacy against fourth-stage
O. equi larvae, demonstrating acceptable
adulticidal and larvicidal efficacy of both pyrantel
pamoate and ivermectin against O. equi. The
existence of macrocyclic lactone or pyrimidine
resistance in the pinworm populations evaluated
could not be shown (Reinemeyer et al. 2010).

In vitro assays showed that the fungal species
Pochonia chlamydosporia had a negative influence
on eggs of O. equi and might be considered as a
potential biological control agent of this nematode
(Braga et al. 2010).

Public health significance
Not convincing yet.

416 Perineal pruritus in chronic pinworm infestation as
illustrated by broken hairs on the tail base.
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417, 418 Perineal pruritus in chronic pinworm infestation as
illustrated by perineal alopecia.
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Probstmayria vivipara

Phylum Nemathelminthes/Class Nematoda/Order
Oxyurida/Suborder Oxyurata/Superfamily
Oxyuroidea/Family Oxyuridae/Genus
Probstmayria

Definition/Overview
Subclinical pinworm infestation with Probstmayria
vivipara is found in the caecum and colon.

Aetiology

The adult pinworm P. vivipara can be found in the
caecum and colon. It measures 2-2.9 mm in length.
The females are viviparous, producing larvae almost
as large as themselves. As a result of this almost
unique method of reproduction, infections may be
enormous, but the worms are not known to be
pathogenic (Soulsby 1968).

Pathophysiology

The life cycle of this nematode is completely
endogenous, all development taking place in the
caecum and colon (Smith 1979).

Pre-patent period
Not established in the equine species yet.

Clinical presentation
Despite the large number of pinworms present,
clinical signs are usually not observed.

Diagnosis
Infected animals might constantly shed pinworms in
their faeces.

Epidemiology
Transfer is believed to be accomplished by
contamination of food and water by larvae passed

in the faeces. Prevalence ranged from 2% (Mfitilodze
& Hutchinson 1989) to 12% (Tolliver et al. 1987).

Pathology

Insignificant findings at post-mortem examination.

Management/Treatment
A single oral dose of fenbendazole paste at 7.5 mg/kg

BW was highly effective against adults of P. vivipara
(Malan et al. 1981).

Public health significance
Not convincing yet.

Thelazia lacrymalis

Phylum Nemathelminthes/Class Nematoda/Order
Spirurida/Suborder Spirurata/Superfamily
Spiruroidea/Genus Thelazia

Definition/Overview

Conjunctivitis or dacryocystitis can be due to the
spirurid nematode Thelazia lacrymalis, also known
as eye worm, predominantly seen in young horses.

Aetiology

Thelazia lacrymalis is a large ovoviviparous
nematode (10-25 mm in length) (419). The face fly,
Musca autumnalis, is the intermediate host (Soulsby
1968, Dongus et al. 2003).

Epidemiology

Thelazia lacrymalis were found in 42% of the 1-4-
year-old equids at necropsy in central Kentucky, USA
(Lyons et al. 2000), and was recovered from 10% of
horses examined post-mortem in Normandy, where
animals aged 6 months to 2 years were most
frequently infected (Collobert et al. 1995).

Pathophysiology

Lesions and tissue damage occur, particularly of the
conjunctival sac and nasolacrimal system because of
the migratory behaviour of Thelazia lacrymalis.

Pre-patent period
Not established in the equine species yet.

Clinical presentation

The presence of nematodes does not always induce
clinical signs (Collobert et al. 1995). Clinical signs
include blepharospasm, lacrimation, epiphora,
photophobia,  keratitis, corneal ulceration,
abscessation of the eyelids, and conjunctivitis.

Differential diagnosis

The differential diagnosis includes conjunctivitis and
keratitis especially due to Onchocerca cervicalis
microfilaria and aberrant adult Setaria equina and
Parelaphostrongylus tenuis nematodes.

Diagnosis

The diagnosis should be based on the demonstration of
nematodes in the eye and adnexal structures
(419-421) combined with the presence of charac-
teristic lesions and response to treatment. Active
serpentine movement of nematodes can be detected
macroscopically. In addition, a restriction fragment
length polymorphism-PCR-based assay on the first
and/or second internal transcribed spacer (ITS1 and
ITS2) of ribosomal DNA has been developed for the
detection of T. lacrymalis DNA (Traversa et al. 2005).
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Pathology
Heavy infections cause a mild conjunctivitis and
adenitis of the lacrimal gland.

Management/Treatment

Levamisole 5 mg/kg BW orally or applied as a 1%
eye lotion has proved to be highly efficient (Lyons et
al. 1981). Furthermore, fly control may prevent

recurrence.

4 -

419 Thelaziasis. Intraductal female horse eye worm, Thelazia
lacrymalis. Note numerous basophilic ovoid eggs within the
paired uterus. (H&E stain. Bar 200 pm.)

Public health significance
Not convincing yet.
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420 Thelaziasis. Multiple sections of slender spirurid
nematodes within the lacrimal duct of the nictitating
membrane (arrows). Nematode larvae in lacrimal secretions
are transmitted by flies. Horse eye worm, Thelazia lacrymalis.
(H&E stain. Bar 1 mm.)

421 Thelaziasis. Mild lymphocytic periductular conjunctivitis.

Usually infections are of no clinical significance, but in this
case there is a moderate lymphocytic inflammatory infiltrate
surrounding the infected lacrimal duct. Horse eye worm,
Thelazia lacrymalis. (H&E stain. Bar 200 ym.)
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Helmintic diseases

Setaria equina

Phylum Nemathelminthes/Class Nematoda/Order
Spirurida/Suborder Filariata/Superfamily
Filarioidea/Family Onchocercidae/Genus Setaria

Definition/Overview

Disease of eye and adnexa is associated with
aberrant Setaria equina nematodes, although the
nematode is generally nonpathogenic (Soulsby
1968,).

Aetiology

The filarioid nematode S. equina is a common
parasite of equines in all parts of the world. The male
is about 40-80 mm (422, 423) and the female 70—
150 mm long. The tail of the female ends in a simple
point. S. equina is a vector-borne filarial nematode

that causes a relatively benign infection of equids in
which the adult worms reside in the peritoneal cavity
and sometimes in the scrotum (Soulsby 1968). It has
also been recorded from the pleural cavity and the
lungs of the horse. Microfilariae develop in the
thoracic muscles of culicine mosquitoes such as
Aedes aegypti. Infective larvae are produced in 12—
16 days (Soulsby 1968).

Epidemiology

Peripheral blood samples collected randomly
revealed a prevalence of 9.2% of S. equina in
Hungary, and the level of microfilaraemia was
between 1 and 1,138 larvae in 2 ml of blood. There
was a significant association between the prevalence

of microfilaraemia and the presence of still waters
(Hornok et al. 2007).

422, 423 Abdominal punctuate (422) yielded an adult
onchocercid filarioid nematode (423); note the strongly coiled
tail (arrow), a typical male determinant. These parasites inhabit
the peritoneal cavity as end-stage in horses and generally do
not cause major lesions. Here adult females produce
microfilariae which, when present in the bloodstream, enter
blood sucking arthropod vectors in which infectious larvae
develop. Migrating larvae however can cause lesions in the
CNS and eyes. Setaria equina. (Scale in mm.)
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In Ankara, Turkey, 15% of slaughtered equines
harboured adult S. equina (Oge et al. 2003). A
Setaria sp. from the abdominal cavity and
Strongylus vulgaris, Strongylus edentatus, and
Strongylus equinus from the caecum showed
recovery rates of 7%, 8%, 8%, and 1%,
respectively, from Thoroughbreds in Kentucky, USA
during 1981-1982. Parasites recovered from the
stomach and infection rates were: immature
Habronema spp. (24%), adult H. muscae (38%),
immature Draschia megastoma (13%), adult D.
megastoma (62%), and adult Trichostrongylus axei
(4%). Lesions caused by D. megastoma were found
upon gross observation in 58% of the stomachs.
Anoplocephala perfoliata was recovered from 54%
of the horses, whereas A. magna was not found.
There was no obvious difference in infection rates
of the stomach worms and tapeworms according to
age or sex of the horses. Seasonal differences were
apparent only for immature Habronema spp. and
immature D. megastoma, for which infection rates
began increasing in June, peaking in October and
declining thereafter (Lyons et al. 1983).

Pathophysiology
S. equina might produce lesions and tissue damage
because of its migratory behaviour.

Pre-patent period
In the horse adult parasites occur 8—10 months after
infection (Soulsby 1968).

Clinical presentation

A slight fibrinous peritonitis may occur but this is
usually of no consequence (Soulsby 1968).The
presence of nematodes in the stomach usually does
not induce clinical signs, although aberrant
migration of the nematode is associated with disease
of the eye and adnexa. Clinical signs include
blepharospasm, lacrimation, epiphora, photophobia,
keratitis, corneal ulceration, abscessation of the
eyelids, and conjunctivitis.

Differential diagnosis

The differential diagnosis includes parasitic
conjunctivitis and keratitis especially due to
Onchocerca cervicalis microfilaria and adult
Thelazia lacrymalis and Parelaphostrongylus tenuis
nematodes.

Diagnosis

Blood smears may be used to detect microfilariae of
Setaria spp. When blood samples were checked for
microfilariae, using Knott’s method and a
combination of membrane filtration followed by
histochemical staining for acid phosphatase, only

4% of the equines were found to be microfilaraemic
(Oge et al. 2003). Interestingly, a standard method
used to purify and cryopreserve peripheral blood
mononuclear cells resulted in the unintended co-
isolation of Setaria equina microfilariae (Yeargan et
al. 2009).

Pathology

Setaria spp. adults generally cause no significant
peritoneal lesions. However, migrating Setaria larvae
within the CNS and eyes can incite localized
eosinophilic granulomatous inflammation. Sheathed
microfilariae can be patent in the blood (Jubb ez al.
2007).

Management/Treatment
The avermectins are macrocyclic lactones produced
by Streptomyces avermitilis. One of them has been
chemically modified and given the generic name
ivermectin. The compounds have shown efficacy
against various stages of filarial parasites including S.
equina in horses (Campbell 1982).
Diethylcarbamazine citrate is a drug that is
successful in eliminating human filariasis, possibly
via trapping larvae in organs and killing them
through cellular adherence (El-Shahawi et al. 2010).
The search for macrofilaricides remains a
research priority in man. One of the most promising
leads is treatment directed at Wolbachia, the
intracellular bacterial symbiont of filarial parasites
(Stolk et al. 2005). Depletion of Wolbachia by
doxycycline kills most adult worms, without causing
severe side effects. As a consequence, doxycycline
indirectly kills the adult worm (Taylor et al. 2005).
The availability of a new generation of drugs
working through a different mechanism (killing the
symbiont bacteria) is good news. However, using
either PCR or DNA hybridization, Wolbachia sp.
16S rDNA was not found in S. equina (Chirgwin et
al. 2002).

Public health significance
Not convincing yet.
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APPENDIX 1

Differential diagnoses

The differential diagnosis of foal septicaemia
includes pathogens such as A. equuli, E. coli,
Clostridium spp., Salmonella spp., Klebsiella spp.,
Enterobacter spp., and Streptococcus spp.

The differential diagnosis of acute neurological
disease includes trauma, hepato-encephalopathy,
Equine herpesvirus type 1, (pseudo)rabies, Louping
ill virus, Western equine encephalomyelitis virus,
Venezuelan equine encephalomyelitis virus, Eastern
equine encephalomyelitis virus, tick-borne encepha-
litis, Borna disease virus, West Nile virus infection,
Bunyavirus infection, Japanese encephalitis virus,
Lyme disease, equine protozoal myeloencephalitis,
parasitic migratory encephalomyelitis (due to
Strongylus vulgaris, S. equinus, Angiostrongylus
cantonensis, Setaria spp., Parelaphostrongylus
tenuis, Draschia megastoma, and fly larvae
Hypoderma spp.), Clostridium botulinum, bacterial
meningoencephalitis, hypoglycaemia, malignant
hyperthermia, acute selenium toxicity, myco-
toxicosis (rye grass), various neoplasms, and
neoplasia-like cholesteatoma.

The differential diagnosis of blood clotting
disorders includes disseminated intravascular
coagulation/sepsis, anthrax, rodenticide toxicity,
myelophthisis, equine infectious anaemia,
thrombocytopenia purpura, immune-mediated
anaemia, arsenic toxicity, hepatic failure, snakebite,
factor VIII deficiency, and von Willebrand’s disease.

The differential diagnosis of various (chronic)
causes of weight loss, diarrhoea and anaemia
includes malnutrition, internal abscessation/
peritonitis, tuberculosis, piroplasmosis, liver
cirrhosis, EIA, chronic proliferative enteritis, and
various neoplasms.

The differential diagnosis of sudden death
includes lightning strike, malignant hyperthermia,
ionophore toxicity, snakebite, clostridiosis,
digestive tract rupture, taxus poisoning, anthrax,
aortic rupture, anaphylactic drug reaction, African
horse sickness, acute selenium toxicity, atypical
myopathy, third degree heart block, and retentio
secundinarum.

The differential diagnosis of icterus and fever
includes piroplasmosis, Theiler’s disease, neoplasms
such as haemangiosarcoma, lymphosarcoma, and
hepatic carcinoma, onion and red maple leaf
poisoning, snakebite, sepsis, immune-mediated
anaemia, gall stones, Tyzzer’s disease, leptospirosis,
reactive hepatitis (for instance due to duodenitis-
proximal jejunutis), as well as various viral diseases
including Hendra, Getah, equine infectious
anaemia, and equine viral arteritis.

The differential diagnosis of various causes of
diarrhoea in foals includes Clostridium perfringens,
C. difficile, Y. enterocolitica, S. westeri,
Cryptosporidium spp., and Salmonella spp.

The differential diagnosis of various causes of
internal abscessation (without characteristic stellate
scars in the nasal septum as seen in B. muallei)
includes S. equi subsp. zooepidemicus, S. equi
subsp. equi, C. pseudotuberculosis, R. equi, and
melioidosis.

The differential diagnosis of various causes of
fever and dyspnoea includes bacterial and mycotic
pneumonia, pleuritis, thromboembolism,
endo/myo/pericarditis, influenza, EHV (including 5),
VSV, EIA, WNV, AHS, EVA, EAV, Hendra virus,
anthrax, C. pseudotuberculosis, Burkholderia
mallei-infection, tuberculosis, leptospirosis, B.
bronchiseptica, piroplasmosis, histoplasmosis/EL,
rhinitisvirus, adenovirus, digestive tract rupture,
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smoke inhalation, snakebite, strangles,
pseudorabies, Hendra virus, sarcoidosis, heat stress,
acute selenium toxicity, septicaemia/disseminated
intravascular coagulation, and various neoplasms
such as malignant lymphoma.

The differential diagnosis of various causes
of abortion and fever includes EHV, EIA, EVA,
piroplasmosis, anaphylaxis, T. equigenitalis, C.
pseudotuberculosis, salmonellosis, tularaemia,
brucellosis, R. equi, EPM, trypanosomiasis, B.
pseudomallei, N. risticii, leptospirosis, histo-
plasmosis, Chlamydophila, and, anthrax.

The differential diagnosis of various causes of
acute diarrhoea includes strongylosis, cyathosto-
minosis, clostridiosis (C. perfringens and difficile),
C. pseudotuberculosis, equine idiopathic colitis X
syndrome, acute selenium toxicity, antibiotic-
induced diarrhoea, salmonellosis, arsenic toxicity,
NSAID toxicity, peritonitis, piroplasmosis, N.

risticii, Rhbodococcus equi infection, sand
accumulation, chronic proliferative colitis, and
lymphosarcoma.

The differential diagnosis of various causes of
chronic weight loss and (intermittent) fever includes
strongylosis, internal abscessation, chronic
adhesions, pneumonia, pleuritis, meningoen-
cephalitis, osteomyelitis, gastroduodenal ulcers,
endo/peri/myocarditis, chronic proliferative en-
teritis, sinusitis, steatitis, temporohyoid
osteoarthropathy, hepatitis, dermatophilosis,
pemphigoid/pemphigus, piroplasmosis, glanders,
tuberculosis, dourine, brucellosis, arsenic toxicity,
wooden tongue, ATHA, EVA, rabies, and neoplasm.

The differential diagnosis of various causes of
fever and limb oedema includes rhinitis virus,
influenza, EIA, EHV, Getah virus, EVA, WNV,
piroplasmosis, snakebite, A. phagocytophilum, and
purpura haemorrhagica/thrombocytopenia purpura.

The differential diagnosis of various causes of
polyuria and polydipsia includes psychogenic,
sepsis/fendotoxaemia, chronic renal failure, diabetes
mellitus,  diabetes insipidus (central or
nephrogenic), iatrogenic (sedation with a2-
agonists, triamcinolone administration), Klossiella
equi infection, and vitamin D toxicity.

The differential diagnosis of various causes of
fever and anaemia includes strongylosis, chronic
inflammation, anti-coagulant toxicity, EIA, EVA,
purpura haemorrhagica, anthrax, kidney disease,
snakebite, guttural pouch mycosis, squamous cell
carcinoma, lymphosarcoma/myelophthisis, haem-
angiosarcoma, Theiler’s disease, leptospirosis,
pemphigus foliaceus and vulgaris, piroplasmosis,
trypanosomiasis, red maple leaf poisoning,
Anaplasma phagocytophilum-(co)infection, auto-

immune-mediated anaemia, chronic proliferative
enteritis, gastric ulceration, and arsenic toxicity.

The differential diagnosis of various causes of
chronic coughing includes heaves, pleuritis,
diaphragmatic hernia, pneumothorax, (follicular)
pharyngitis, exercise-induced pulmonary haem-
orrhage (EIPH), glanders, interstitial pneumonia,
tracheal foreign body, ascarids, (aspiration)
pneumonia, congestive heart failure, (metastatic)
neoplasm, metastatic endocarditis, and laryngeal
disorders (like epiglottic entrapment, epiglottitis,
and dorsal displacement of the soft palate).

The differential diagnosis of verminous
conjunctivitis includes Thelazia lacrymalis,
O. cervicalis microfilaria, and (aberrant) adult
Setaria equina and Parelaphostrongylus tenuis
nematodes.

The differential diagnosis of various causes of
pruritus includes shedding of hair coat, food
allergy/intolerance, atopy, insect (Culicoides,
Dermanyssus  gallinae)  bite  or  contact
hypersensitivity, mites, pediculosis, pemphigus
foliaceus, epidural drug administration (e.g.
morphine), vertebral bone fracture, exercise-
associated (cholinergic) pruritus and associated
with terminal disorders (e.g. paraneoplastic pruritus
associated with malignant lymphoma).
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APPENDIX 2 Listeria monocytogenes
Methicillin-resistant Staphylococcus aureus
(Potential) Zoonoses Microsporum canis

Actinobacillus equuli
Actinobacillus lignieresii
Actinomyces pyogenes
Adenovirus

African horse sickness virus
Anaplasma phagocytophilum

Microsporum gypseum
Mycobacterium bovis
Nipah virus

Nocardia asteroides
Pasteurella multocida
Rhinitis virus

Bacillus anthracis Rabies

Bartonella spp. Rhodococcus equi
Bordetella bronchiseptica Rotavirus

Borna disease virus Ross River virus
Borrelia burgdorferi sensu lato complex Salmonellosis

Brucella spp.
Burkholderia cepacia complex

Burkbholderia mallei

Burkholderia pseudomallei
Campylobacter jejuni

Chlamydopbhila (previously Chlamydia) psittaci
Clostridium botulinum

Clostridium difficile

Clostridium perfringens

Clostridium piliforme

Corynebacterium pseudotuberculosis
Coxiella burnetii

Cryptosporidium spp.

Dermatophilus congolensis

Eastern equine encephalomyelitis virus
Echinococcus equinus

Erysipelothrix rhusiopathiae
Escherichia coli

Fasciola hepatica and E gigantica
Francisella tularensis

Gasterophilus intestinalis and G. nasalis
Giardia duodenalis

Halicephalobus gingivalis

Hendra virus

Histoplasma capsulatum var. farciminosum

Sarcoptic mange
Streptococcus equi subsp. equi

Streptococcus equi subsp. zooepidemicus
Trichophyton equinum

Trichophyton mentagrophytes
Trichophyton verrucosum

Trypanosoma brucei evansi

Venezuelan equine encephalitis virus
Vesicular stomatitis virus

West Nile virus

Western equine encephalomyelitis virus
Yersinia enterocolitica

Reportable (nonzoonotic) diseases
Aujeszky’s disease

Babesia caballi

Equine infectious anaemia

Equine influenza

Equine rhinopneumonitis (EHV)
Equine viral arteritis

Taylorella equigenitalis

Theileria equi
Trypanosoma brucei equiperdum

Underlined = Office International des Epizooties
(OIE) listed diseases. Note that this OIE list may
not comply with national legislations fully.

Japanese encephalitis virus
Leptospira interrogans
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APPENDIX 3
Clinical pathology
Haematology (424-436)
The morphology of erythrocytes and white blood
cells is most readily observed by examination

of smears. The most suitable anticoagulant for
haematological investigations is ethylenediamine
tetra-acetic acid (EDTA). The majority of equine
lymphocytes are of the small type with a small
amount of cytoplasm and a dark-staining nucleus.

425

424, 425 Close-up cytology specimens from a blood smear displaying a juvenile neutrophil characterized by an unsegmented
nucleus (424) and a mature segmented nucleus (425). The embedding anucleated cells are erythrocytes. (May-Griinwald-Giemsa
stain. Bars 10 pm.)

426-428 Cytology specimens from blood smears displaying a
mature hypersegmented neutrophil (426), a lymphocyte with
a dark round nucleus and scant cytoplasm (427), and a larger
histiocytic cell with pale cytoplasm and an ovoid indented
nucleus (428). In the background are erythrocytes. (May-
Griinwald-Giemsa stain.)
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429, 430 Cytology specimens from the buffy coat of blood samples containing several smaller lymphocytes with dark round nuclei
and somewhat larger monocytic cells with larger amounts of cytoplasm and less intensely stained and indented nuclei. (May-

Griinwald-Giemsa stain.)

"82,
e

431 Blood smear depicting, in the centre, a close-up of an
eosinophilic granulocyte packed with round to ovoid reddish
cytoplasmic granules and an excentrically placed horseshoe-
shaped nucleus, and on the right a neutrophilic granulocyte
with a blunt lobed nucleus and indistinct cytoplasmic granules,
amongst erythrocytes. (May-Griinwald-Giemsa stain.)

Occasionally larger lymphocytes may be
observed. The nucleus of the equine monocyte is
most commonly bean-shaped and not often folded.
As with monocytes of the blood of other animal
species, the nucleus has a lacy appearance and
stains poorly. A regenerative left shift is charact-
erized by an absolute increase in neutrophils
accompanied by the appearance of immature
neutrophils in the peripheral circulation. A

432 Blood smear depicting a close-up of, centrally on the left,
a basophilic granulocyte packed with round to ovoid dark
blue cytoplasmic granules and a blunt-lobed nucleus
clustered on the right with a monocyte containing a central
irregular nucleus and fine cytoplasmic vacuoles, surrounded
by erythrocytes. (May-Griinwald-Giemsa stain.)

degenerative left shift is one in which there is a
normal, low, or falling total leukocyte count
accompanied by a moderate to marked shift to the
left, with the absolute number of immature
neutrophils frequently exceeding the number of
mature neutrophils (Coles 1986, Taylor & Hillyer
1997, Cowell & Tyler 2002). Pancytopenia is
defined as an absolute decrease in erythrocytes,
leukocytes, and platelets.
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433 Blood smear depicting rouleaux formation of erythrocytes 434 Blood smear depicting, centrally, a loose cluster of
typical for equine blood, i.e. clustering of erythrocytes in a thrombocytes with vague cytoplasmic dark granules. On the
‘roof-tile’ fashion thus forming cell strands of variable lengths. right are several neutrophilic granulocytes and a few

On the left is a small lymphocyte with a rounded compact dark erythrocytes. (May-Griinwald-Giemsa stain.)

nucleus and scant cytoplasm. A few scattered thrombocytes
are indicated by arrows. (May-Griinwald-Giemsa stain.)

435, 436 Blood smear from a 4-year-old Friesian horse reveals several large neoplastic lymphoblasts (centre of both micrographs)
with several atypical large nucleoli (arrows) consistent with a chronic lymphoid leukaemia. (May-Griinwald-Giemsa stain.)
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Bronchoalveolar lavage (BAL) (437-445)

This technique samples fluid and cells from the
alveoli and distal airways. BAL is undertaken in the
standing, sedated horse and may be performed using

an endoscope or a ‘blind’ technique (Taylor &
Hillyer 1997).

437 Cytology smear of a bronchoalveolar lavage, depicting different cell types: a neutrophilic granulocyte with a polymorphic
hypersegmented nucleus (centre); an eosinophilic granulocyte with relative large reddish cytoplasmic granules (middle left); a
mast cell with intense purple-staining cytoplasmic granules (bottom right); several spread large macrophages with abundant
amounts of vacuolated cytoplasm; and a lymphocyte with a dark rounded nucleus and a small rim of cytoplasm (top right). (May-
Grunwald-Giemsa stain. Bar 10 ym.)

438, 439 Cytology smears of a bronchoalveolar lavage, depicting clustered high columnar ciliated epithelial cells from the respiratory tract
that contain a basally located rounded nucleus and apical lining of cilia. (May-Griinwald-Giemsa stain. Bars 10 pm.)

440, 441 Cytology smears of a bronchoalveolar lavage depicting several large macrophages laden with abundant amounts of variably
sized haemosiderin granules. Haemosiderin is an iron metabolite of haemoglobin degradation; therefore this finding is indicative of a
pulmonary haemorrhage. These granules vary in colour from light greenish (often still reminiscent of the phagocytosed erythrocytes)
to dark brown respectively, inherent to the stage of iron metabolism. (May-Griinwald-Giemsa stain. Bars 10 um.)
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442 Cytology smear of a bronchoalveolar lavage depicting
abundant mucus with several embedded yeasts (middle right).
Note also a few bacteria at top left. (May-Grinwald-Giemsa
stain. Bar 10 pm.)

o 'i“'-'w.

443 Cytology smear of a bronchoalveolar lavage, depicting
several large macrophages with excentric nuclei and
abundant cytoplasm that contains a phagocytosed ovoid
yeast (centre), several accompanying eosinophils, a mast cell,
and lymphocytes. (May-Griinwald-Giemsa stain. Bar 10 pm.)

444 Cytology smear of a bronchoalveolar lavage at low
magnification depicting an increased cellularity and
hypereosinophilia; accompanying the readily observed bright
reddish eosinophils are increased numbers of dark purple
mast cells and abundant numbers of large macrophages.
Hypereosinophilia can be associated with Dermanyssus
gallinae infestations. (May-Griinwald-Giemsa stain. Bar

50 pm.)

445 Cytology smear of a bronchoalveolar lavage
hypereosinophilia at higher magnification depicting several
eosinophils with intense reddish cytoplasmic granules, a
central mast cell with intense purple cytoplasmic granules
amongst larger macrophages with abundant cytoplasm, and
smaller lymphocytes with rounded dark blue nuclei and scant
cytoplasm. (May-Griinwald-Giemsa stain. Bar 10 pm.)
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Bone marrow aspiration/biopsy (446-462)
When a peripheral blood count indicates the
presence of leucopaenia, nonregenerative anaemia,
or thrombocytopaenia, or if abnormal cell types
appear, a bone marrow examination should be
considered. Anaemias in the horse are usually not
accompanied by typical peripheral blood signs of
regeneration. Consequently, it may be necessary to
resort to a bone marrow examination in order to
evaluate erythropoietic response in this species. If the
anaemia is regenerative, the myeloid:erythroid ratio
is decreased, often falling below 0.5 (Coles 1986).
Study of the precursor cells of lymphocytes and
monocytes is difficult because these cells do not
contain specific cytoplasmic granules or the nuclear
lobulation that is present in the granulocytes, both of
which facilitate the distinction between young and
mature forms. Lymphocytes and monocytes are
distinguished mainly on the basis of size, chromatin
structure, and the presence of nucleoli in smear prep-
arations. As lymphocytic cells mature, their
chromatin becomes more compact, the nucleoli
become less visible, and the cells decrease in size
(Junqueira & Carneiro 1980).

Maturation of erythrocytes: proerythroblast —
basophilic erythroblast —  polychromatophilic
erythroblast — normoblast — reticulocyte —
erythrocyte.

Maturation of granulocytes: myeloblast —
promyelocyte — myelocyte = metamyelocyte —
juvenile (band-shaped nucleus) granulocyte —
mature granulocyte.

Maturation of lymphocytes: lymphoblast —
lymphocyte.

Maturation of platelets: megakaryoblast —
megakaryocyte — platelet.

Normal myeloid:erythroid ratio has been reported
as 0.71£0.11 (range 0.48-0.91) based on
24 Warmblood horses. The average bone marrow
contained 28.2+7.9% intermediate normoblasts, and
23.2+5.8% orthochromatic normoblasts within the
erythroid cells and 1.0+1.1% myeloblasts, 1.7+1.0%
promyelocytes, 3.2+1.8% myelocytes, 5.6+3.2%
metamyelocytes and 15.7£5.3% band neutrophils.
In total 0.8£0.8% mitoses were noticed. It was
shown that equine bone marrow contains a
considerable amount of iron in the normal horse
(Franken et al. 1982).

446-448 Bone marrow from the sternum can be collected
from the standing horse by insertion of a special needle at the
crossing point of an imaginary line drawn between the two
points of the elbow (Taylor & Hillyer 1997), illustrated from the
cranial (446) and lateral (447) view. The photograph (448)
illustrates the thickness of both the deep pectoral muscle and
the sternum above it in a normal Warmblood horse. (Scale in
cm.)
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9
449-462 High cellular equine bone marrow aspirates from the sternum illustrating various cells. Cells shown are; basophilic
granulocyte (1), basophilic rubricyte (2), eosinophilic granulocyte (3), juvenile band-shaped granulocyte (4), macrophage (5),
megakaryocyte (6), metamyelocyte (7), metarubricyte (8), monoblast (9), monocyte (10), myeloblast (11), myelocyte (12),
neutrophilic granulocyte (13), plasma cell (14), polychromatic rubricyte (15), promyelocyte (16), prorubricyte (17), rubriblast (18),
lymphocyte (19). (May-Griinwald-Giemsa stain.) (Courtesy of Dr E. Teske.)
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Urinalysis (463-474)

Normal equine urine is alkaline, given the vegetable
diet. If the urine is alkaline, the leukocytes are
usually swollen, ragged in appearance, and very
granular and have a tendency to adhere in clumps
(Coles 1986). It is normal to find large quantities of
amorphous phosphates and calcium carbonate
crystals in equine urine. Struvites are normally found
in very small quantities in equine urine.

463 Urine capture for cytology.
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464, 465 Urine cytology. 464: Sample contains predominantly amorphous phosphates and some round calcium carbonate crystals
(arrows); 465: a bar-like struvite crystal (arrow).

. ) / \ A A
466, 467 Equine urine. The classic form of calcium carbonate crystal, being the predominant crystal in equine urine, is round in
shape with radial striations and is yellow-brown (466); 467: the so-called dumbbell form of the calcium carbonate crystal (1) is
present, as well as a calcium oxalate crystal (2) and a bar-like struvite crystal (3). Note the leukocytes (4).

468, 469 Equine urine. Renal tubule cells (arrows) between many leukocytes (1) (468); 469: a calcium oxalate crystal (arrow) is seen
between many leukocytes.
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470, 471 Equine urine. 470: Renal tubule cell cast (arrows), leukocytes (1), erythrocytes (2), and a calcium oxalate crystal (3);
471: a calcium oxalate crystal (3), a leukocyte cast (4), erythrocytes (2), and a renal tubule cell (arrow) are seen.

LV 472

v L . RO
472, 473 Equine urine. 472: White blood cells (arrows); 474 Urolithiasis; an endoscopic photograph of a rough urolith

473: a renal tubule cell (arrow) is seen following Giemsa within the urinary bladder. Note the trigone of bladder (arrow)
staining. (464-473 Courtesy of Dr E. Teske.) and the ureteric orifices (arrowheads).
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Coprological examination (475-481)

Parasite eggs are separated from the faecal mass by
a flotation technique using solutions of high specific
gravity. The results are calculated as eggs per gram
(epg) of faeces. Oxyuris (pinworm) eggs may be
identified on the anal sphincter by pressing a strip of
transparent adhesive tape onto the mucosal folds of
the external sphincter (Taylor & Hillyer 1997). Care
should be taken to avoid the intercostal vessels and
nerve which run along the caudal part of the rib by
entering the pleural cavity just cranial to the rib
margin.

475 Examination of faeces.

The mere presence of a parasite in or on an
animal cannot be considered adequate evidence that
it is the aetiological agent of a disease that may
exist. Diagnostic aids such as coprological
examination are used to supplement, not supplant,
clinical observations (Coles 1986).
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476-481 Parasite eggs: Oxyuris equi (476), Strongylus sp. (477), Parascaris equorum (478), Anoplocephala sp. (479), Strongyloides
westeri (480) and, Fasciola hepatica (481).
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482 Abdominocentesis ideally is performed at the lowermost
point of the belly, since this forms a natural basin in which
peritoneal fluid accumulates. In all cases the point of insertion
should be approximately a handsbreadth behind the
xiphisternum to avoid damage to its cartilage (Taylor & Hillyer
1997).

483 Thoracocentesis
is generally
performed in the
ventral third of the
chest, taking care to
avoid damage to the
heart. The usual site
is the 6t"-7t
intercostal spaces on
the right, or the 8t"—
9% intercostal spaces
on the left (Taylor &
Hillyer 1997).
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Abdomino/thoracocentesis (482-484)
Abdominocentesis ideally is performed at the
lowermost point of the belly, since this forms a
natural basin in which peritoneal fluid accumulates.
In all cases the point of insertion should be
approximately a handsbreadth behind the
xiphisternum to avoid damage to its cartilage (Taylor
& Hillyer 1997).

Abdominocentesis performed within 10 days
before foaling and again 12 hours, 3 days, and
7 days after foaling indicated that there were not
any significant differences over time in specific
gravity (1.011+0.0003 (SD) prior to foaling), total
protein concentration (16.0£1.2 g/l), fibrinogen
concentration (not quantified), total nucleated cell
count (0.926+0.137 g/l), or number of small
mononuclear cells (0.126+0.034 G/L). However, in
samples collected before and after foaling there
were significantly higher mean numbers of
neutrophils (from 0.547+0.099 prior to foaling to
2.22+0.425 G/l 3 days after foaling) and large
mononuclear cells (from 0.254+0.056 to
1.032+£0.271 G/l 3 days after foaling) (van
Hoogmoed et al. 1996).

The usual site of thoracocentesis is the 6*-7%
intercostal spaces on the right, or the 8%-9%
intercostals spaces on the left (Taylor & Hillyer
1997). Care should be taken to avoid the intercostal
vessels and nerve which run along the caudal part of
the rib by entering the pleural cavity just cranial to
the rib margin.

484 Abdominocentesis smear from a 12-year-old
Thoroughbred horse that contains a cluster of large neoplastic
lymphoblasts consistent with a large cell malignant
lymphoma. (May-Griinwald-Giemsa stain.)
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abdominocentesis 278
abortion
Brucella 16
Campylobacter fetus subsp. fetus 48
Chlamydophila spp. 106
differential diagnoses 263
EAV 144
EHV-1 127, 131, 132
histoplasmosis 206
leptospiral 112, 114, 116
Mycobacterium avium complex 97
Nocardia spp. 99
Potomac horse fever 13
abscesses
Actinomyces spp. 90, 91
C. pseudotuberculosis 95-6
Corynebacterium pseudotuberculosis 946
E. coli infection 31
internal, differential diagnosis 262
R. equi 102-5
S. equi subsp. zooepidemicus 86
strangles 79, 83
submandibular 90, 91
Acanthatrium oregonense 12
acetylcysteine solution 84
Actinobacillus equuli 37, 42-3
Actinobacillus lignieresii 37, 40-1
Actinomyces spp. 90-1, 118
Actinomyces denticolens 90
Actinomyces pyogeness 91
Actinomyces viscosus 90, 91
Actinomycetales 90
adenomatosis, ileum 44, 46
adenovirus 123-5
adhesins 21
Aedes spp. 143, 176
Aeromonas hydrophila 164
African horse sickness (AHS) 158-61
AHS, see African horse sickness
AIDS/HIV 105
Alphaviruses 170
amikacin sulphate 74
aminoglycosides 15, 60
ammonia, blood 59, 60

amoebae, free-living 26, 73
amphotericin B 207
ampicillin 38, 63
anaemia
babesiosis 189
bone marrow biopsy 272-6
Cyathostomum infestation 245
differential diagnoses 263
equine infectious 162-3
Anaplasma phagocytophilum 9-12, 110
aneurysm, verminous 238-9
Anoplocephala spp. 224-7, 256, 261, 277
Anoplocephaloides mamillana 224
anthelmintics 226, 233, 243, 248, 254
large strongyles 241
resistance 241, 246, 254, 256
anthrax 70-2
antimicrobial resistance 32, 34, 57, 75-6
anus, bleeding 70, 71
arteritis
equine viral (EAV) 144-7
verminous 239
arthritis
Mannheimia (Pasteurella) haemolytica 38
rhodococcosis 105
S. equi subsp. zooepidemicus 86
Arthroderma otae 204
ascarids 250-3
ascites 161
Aspergillus spp. 198-203
Atadenovirus 123
ataxia
vestibular 182
WNV 141
atropine 74
Aujeszky’s disease 133
Australian bat lyssavirus (ABL) 168
automutilation 166, 167
autonomic dysfunction 52
avermectins 210, 261
Aviadenovirus 123
avian bornavirus (ABV) 154
azithromycin—rifampicin 105
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Babesia caballi 188-91 Campylobacter spp. 48, 164, 233
Bacillus spp. 28 Campylobacter fetus subsp. fetus 48
Bacillus anthracis 70-2 Campylobacter jejuni 48
bacillus Calmette-Guérin (BCG) 138 Candida albicans 202, 204
bacitracin zinc 57 candidiasis, uterine 199
Bacteroides spp. 38, 118-19 cardiovascular disease
Bartonella henselae 15 African horse sickness 160, 161
Bartonella vinsonii subsp. berkhoffii 15 Bartonella 15
bats 152, 166-7, 207 Brucella 17
Behget’s disease 117 see also endocarditis; myocarditis; pericarditis
benzimidazoles 241, 246 casts, urine 275
beta-lactam antibiotics 15, 55, 56 cat-scratch disease 15
bilirubin accumulation 62 cats 38, 228
birds 9, 48, 50 cefpodoxime 38
Chlamydopbhila spp. 106, 107 cefquinome 42
Lyme disease 108, 109 ceftiofur 32, 33, 84, 96, 110
WNV 141, 142 resistance 34
bis (aminoethylthio) 4-melamino-phenylarsine CEM, see contagious equine metritis
dihydrochloride 196 cerebral listeriosis 73, 74
bite wounds 42 cerebral nematodiasis 234
rabies 166 cerebrospinal fluid (CSF), equine herpesvirus infection
blood clotting disorders, differential diagnosis 262 127-8
blood smears 268-70 cervical/clitoral swabs 25
anaplasmosis 10-11 cestodiasis 224-7
anthrax 72 chalicosis nodularis pulmonis 250, 251
babesiosis/piroplasmosis 190-1 Chikungunya virus 174
Potomac horse fever 14 Chlamydiales 106
bluetongue virus 158 Chlamydophila spp. 106-7
BoaA/BoaB genes 20 Chlamydophila abortus 106
bone marrow aspiration/biopsy 270-3 Chlamydophila caviae 86, 107
Bordetella bronchiseptica 22-3 Chlamydophila pneumoniae 26, 68, 106
Borna disease virus 154-5 Chlamydophila psittaci 68, 106, 107
Borrelia burgdorferi 9, 108-11 4-chloro-3-methylphenol 214
botflies 208-11 cholangiohepatitis 118, 119
botryomycosis 120-1 cholangitis 32-3, 222-3
botulinum toxins (BoNT) 50-2 choledocholithiasis 32-3
antitoxin 54 cholelithiasis 118, 119
botulism 50-4 chondroids (pyoliths), guttural pouch 79, 84
bovine papillomavirus (BPV) 134-8 Chorioptes bovis 212-15
brain worm 249 ciprofloxacin 74
brainstem disease 182 Cladosporium spp. 200
bronchiolitis, herpesviral 131 clarithromycin 105
bronchoalveolar lavage (BAL), fluid cytology 268-9 Clostridium spp. 38, 90, 118
bronchopneumonia Clostridium botulinum 50-4
adenoviral 124-5 Clostridium difficile 55-7, 105
Bordetella bronchiseptica 22-3 NAP1/027 57
Burkholderia cepacia 21 Clostridium perfringens 58-61, 164, 233
EHV-1 130-1 Clostridium piliforme 62-3
equine influenza virus 149, 150 Clostridium tetani 64-6
S. equi subsp. zooepidemicus 86, 87 coccidiosis
Brucella abortus S19/RB51 vaccines 17 intestinal 186-8
Brucella melitensis biovar 3 16, 17 renal 178-80
brucellosis 16-17 colic
buparvaquone 190 ascarid infestation 252
Burkholderia cepacia 19, 21 Potomac horse fever 13
Burkholderia mallei 19-20 Strongylus infestation 236, 238
Burkholderia pseudomallei 20-1 tapeworm infestation 226-7
colitis
caddisflies 12 C. difficile 55-7, 106
calcium carbonate, urine 274 cyathostominosis 246—7
calcium oxalate, urine 274-5 mycotic 198-9
Callithrix jacchus 170 Potomac horse fever 14

Camelus dromedarius 156



References

Rhodococcus equi 102-5

S. equi subsp. zooepidemicus 86

Salmonella spp. 34-6
colonic obstruction/impaction

botulism 52-3

sand 36

tapeworm infestation 226-7
competition horses, influenza vaccination 151
conjunctivitis

Chlamydophila spp. 107

E. coli septicaemia 30

verminous 258-9
contagious equine metritis (CEM) 22-5
coprological examination 276-7
coronitis, spirochaetes 112-13
corvids 142
Corynebacterium spp. 28
Corynebacterium diphtheriae 94
Corynebacterium equi, see Rhodoco