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Abstract
DEVELOPMENT AND VALIDATION OF ENZYME LINKED

IMMUNOSORBENT ASSAYS FOR DETECTION OF EQUINE
ENCEPHALOSIS VIRUS ANTIBODY AND ANTIGEN

BY
JAN ERNST CRAFFORD
PROMOTER: Prof M van Vuuren
CO-PROMOTERS: Prof A J Guthrie, Mr C Hamblin
DEPARTMENT: Department of Veterinary Tropical Diseases
Faculty of Veterinary Science, University of Pretoria
DEGREE: Magister Scientiae (Veterinary Science)

The main purpose of this work was to develop rapid and reliable techniques that will
prove valuable in epidemiological studies of equine encephalosis virus (EEV), the
detection and identification of the virus for the laboratory confirmation of the clinical
diagnosis and for the differential diagnosis between EEV and African horsesickness
virus (AHSV). Two enzyme linked immunosorbent assays (ELISA) were developed. A
polyclonal antibody-based, group-specific, indirect sandwich ELISA for the detection of
EEV antigen was developed. The design of the assay was based on the methods
currently used for the detection of AHSV. The cut-off value (absorbance of 0.15) was
determined using populations of known negative specimens. No cross-reactions were
recorded with viruses from other orbivirus serogroups or from other arboviruses. The
assay proved to be sensitive and specific for the rapid detection of EEV and viral

antigens in cell culture and mouse brain preparations.

iv
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A polyclonal antibody-based, group-specific, competitive ELISA for the detection of
antibodies to EEV was developed. No cross-reactions were recorded with the reference
sera prepared against other orbivirus serogroups or other arboviruses. The cut-off
(29.5% inhibition) value was determined using populations of known positive and
negative sera. Analysis of the data showed the assay to be highly repeatable, sensitive

and specific.
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Chapter 1

GENERAL INTRODUCTION

Introduction

International movement of horses for trade, competition and breeding has increased
markedly during the last decade. Because most of these animals are now transported by
air, the risk of them either incubating or carrying exotic infectious agents has also
increased. The primary aim of this project was to develop sensitive and specific assays
for the detection of equine encephalosis virus (EEV) antigen and antibody. Provision of
such assays is important, not only to study the epidemiology of EEV but also to rapidly
differentiate EEV and African horsesickness virus (AHSV), the latter which is the only
Office International des Epizooties (The World Organization for Animal Health) (OIE) list A
disease that exclusively infects equids. Both of these virus groups belong to the family
Reoviridae, genus Orbivirus and both are believed to be transmitted by the same insect
vectors. One of the major reasons for including AHSV and EEV in this study is that, in
some cases, horses infected with either virus may exhibit clinical signs resembling
African horsesickness fever®. In the absence of rapid differential diagnostic tests to
distinguish between these two viruses, there could be a delay in the laboratory

confirmation, which could also delay the implementation of appropriate control
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measures, particularly in countries where neither disease has been previously

encountered.

African horsesickness (AHS) is considered the most lethal and economically important
viral disease affecting horses and as such has been included in the OIE’s A list of
important trans-boundary diseases. Mortality can exceed 95 % in naive horses. Live
attenuated vaccines prepared against different AHSV’s are available and are regularly

used to help control the spread of AHSV in endemic and epizootic areas.

Before 1997, the occurrence of AHS in South Africa had precluded the export of horses
into the European Union (EU) and other countries that conformed to the EU
regulations. However, these restrictions were lifted in 1997 by Commission Decision
97/10/EC, when the principle of regionalization was applied and part of the Western

Cape Province in South Africa was identified as an AHS-free zone®.

Equine encephalosis (EE), on the other hand, is perceived as an emerging disease,
having first been identified in 1967¢). Unlike AHS, the epidemiology and clinical
diagnosis of EE are pootly documented. According to the available literature, mortality
in endemic regions is usually less than 5 % although morbidity can be in excess of

74%0(20),

Limited serological and virological surveys have shown that EEV is prevalent in South

Africa, Botswana, Namibia, Zimbabwe and Kenya®820. However, since the suspected
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midge vectors are widely distributed between latitudes 40° N and 35° S, it is highly likely

that EEV has a much wider distribution.

The exact status of EEV in the Western Cape Province is currently unknown although
the virus has been isolated from animals within this region. In addition, vector
surveillance studies have identified the presence of the suspected Cw/icoides vectors. Since
no control strategies have been implemented to help eradicate or control EEV in the
Western Cape, it is likely that these viruses are circulating freely. Although the
quarantine restrictions, which are applied to AHSV, would equally apply to EEV, the
continual presence of EEV in the AHS-free zone does increase the risk of exporting

EEV from the Western Cape to countries free of the virus.

The EU requires horses to be tested for antibodies against EEV before export from
South Africa, but the OIE nevertheless does not recognise EE as a disease of concern.
Horses from AHSV infected areas are allowed into the United States of America
provided they complete 60 days postarrival quarantine in the vector protected animal
facility in New York. Furthermore, no control strategies are practised and there are no
vaccines available. The possibility that this virus can spread to EEV-free countries
cannot be excluded and needs further investigation. In addition, the consequences of
importing this disease into EEV-free countries remain unknown and warrant further

investigation.
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The virus neutralisation test (VNT) used for the serotyping of EEVs is time consuming
and requires each virus isolate to be tested with antisera against each individual virus
serotype. In addition, the VNT is serotype-specific and will not identify any new EEV
serotypes. Therefore, there is a need for rapid, reliable, sensitive, group-specific assays

for detection of virus and antibody.

A group-specific, indirect sandwich enzyme linked immunosorbent assay (ELISA) has
already been developed and the methods published for the detection of AHSV and viral
antigen. This assay has been shown to be rapid, sensitive and specific for the
identification of AHSV with experimental and field specimens(-'®), and with pools of
processed insect vectors(”). Similar assays have also been developed for bluetongue
virus (BTV) and epizootic haemorrhagic disease of deer virus (EHDV)GD, both of which
are members of the genus Orbivirus. Applying the same methodologies for EEV antigen
detection would have distinct advantages particularly for the differential diagnosis

between EEV and AHSV.

Competitive ELISAs have also been developed for the detection of antibody against
AHS19_ bluetongue (BT)® and epizootic haemorrhagic disease of deer (EHD)®0.32)
viruses. Hach of these assays has been shown to be serogroup-specific and sensitive,
providing a reliable assessment of the antibody status of an animal within three hours.
Application of similar ELISA methodologies for the detection of EEV antibodies would
offer significant advantages in terms of performance, rapidity, and standardisation of the

various tests, especially when comparative tests for AHSV and EEV are required.
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Objectives

The main objective of this project was to design, develop and validate two different
ELISA assays for the rapid detection of EEV antigen and antibody and that are reliable

and relatively simple to perform.

The assays were validated using panels of known positive and negative specimens, and

thereafter specimens obtained from the field.

The ELISA assays for EEV that are described in this dissertation, were based on
standardised methods that have already been accepted internationally by regulatory
authorities and Ministries of Agriculture for use in the detection of viral antigen and
antibody, for example AHSV, BTV and EHDV. Some of these assays are already listed
in the OIE “Manual of Standards for Diagnostic tests and Vaccines”® as either

designated or recommended tests for international trade.

Application

On completion of the validation, these assays will be used to:

1. Determine the geographic and host species distribution of EEV in Africa and
elsewhere throughout the world

2. Study the epidemiology of EEV in vertebrate and invertebrate hosts

3. Rapidly differentiate between field isolates of EE and AHS viruses

4. Rapidly test sera from animals destined for international trade

5. Study EE virus/antibody interactions (multiple serotype infections) in equids.
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Chapter 2

REVIEW OF THE LITERATURE

SECTION A: EQUINE ENCEPHALOSIS

Introduction

Equine encephalosis (EE) is an acute arthropod-borne viral infection that causes a mild
or subclinical disease in horses. Contrary to the name, the most common clinical signs

include inappetence, fever and congestion to mild icterus of the mucous membranes.

The virus was first isolated in March 1967 from a 13-year old Thoroughbred mare
(Cascara) on a stud farm near Kimbetley in the Northern Cape Province. The mare
presented with signs of acute nervous system involvement and frenzy. Congestion and
oedema were the only pathological changes observed in the brain. Although no other
microscopic changes consistent with viral encephalitis were observed, the isolated agent
was named equine encephalosis virus (EEV). The same virus was also isolated from
horses that died during the same year in other parts of South Africa. These animals were

reported to have shown similar clinical signs and lesions.

Results of a small serological survey carried out at that time suggested that EEV
(Cascara) infection had been widespread during the first 3 months of 1967¢). With the

exception of the relatively large epidemics that occurred in the former Transvaal between
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1976 and 1978 and in the Cape Province in 1990, only sporadic cases or limited

outbreaks of EE were diagnosed in South Africa between 1967 and 1994®).

Aetiology
EEV is classified in the genus Orbivirus of the family Reoviridae'?. The morphology of

EEV and the cytopathic effects it produces in cell cultures are usually indistinguishable
from those of African horsesickness (AHSV). The virus may be isolated from tissue
homogenates, washed lysed blood and homogenated insect suspensions by intracerebral
inoculation of day-old mice or by inoculation of baby hamster kidney (BHK) cell
cultures. The inoculated mice usually show signs of encephalitis on the first passage and
die from the seventh day postinoculation (p.i.). However, on subsequent mouse brain
passages the mice become sick and die as early as 48 hours p.i. The BHK cell cultures
show a distinct cytopathic effect that results in an increased refractivity and shrinking of
cells from the third day p.. Initially these changes are seen as discrete foci but by the
sixth day p.i. they progress to complete destruction of the cell monolayer®). EEV may
also be propagated in Aedes albopticus C6/36 cell monolayers®d and in African green

monkey (VERO) cell monolayers@0.

The virions are 73 nm in diameter@®?. The virus genome comprises 10 linear segments
of dsRNA. Each of these segments represents a single gene that codes for a different
viral protein. ‘The EEV dsRNA profiles are different from those of epizootic

haemorrhagic disease of deer virus (EHDV) and bluetongue virus (BTV) but EEV and
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AHSV dsRNA profiles are very similar. It is therefore necessary to distinguish between
the two viruses by another method. The assembly of the viral proteins (VP) appears to
be typical for orbiviruses with four major capsid proteins (VP2, VP3, VP5, and VP7) and
at least three minor protein components (VP1, VP4 and VP0) that vary in size with
relative molecular weights (Mr) of 36 000 to 120 000 Daltons.®¥. The virus particle is
made up of three concentric layers of proteins (the outer capsid, comprising VP2 and
VP5, the core, comprising VP3 and VP7 and the subcore, comprising VP3) that are

regarded as two distinct capsid shells (outer capsid and core).

Early hybridisation studies using probes for genomic segments three and five of the
Cascara serotype, suggested that EEV is more closely related to BTV and EHDV than
to AHSV. However, since most of the probes used were not full-length DNA copies,

the results were not necessarily a true reflection of the full genome®4.

To date, seven serotypes of EEV have been reported in the literature. The serotypes
were originally named after either the horse or the location within South Africa from
which the virus was isolated. The first EEV serotype isolated, Cascara, was obtained
from the liver, spleen, brain and blood of a mare of that name, which was euthanased
after showing severe nervous signs®. In 1971, the second serotype was isolated from
the blood of a horse named Gamil that exhibited a febrile reaction, inappetence and

slight depression. The horse subsequently recovered uneventfully(0.
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The third EEV serotype, Kaalplaas, was named after a farm just north of the
Onderstepoort Veterinary Institute. The virus was isolated in 1974 from the blood of a
mare that developed a febrile reaction that lasted four days, severe conjunctivitis and

swelling of the eyelids(9.

The fourth serotype, Bryanston, was named after a suburb situated north of
Johannesburg. This virus was isolated in 1976 from the spleen, liver and lung of a horse
that died acutely with signs of cardiac failure. The Bryanston strain of EEV was also
isolated from the internal organs, but not the placenta, of three aborted foetuses at about
six months gestation. Two of these foetuses were from the Colesberg district in the

Northern Cape Province and the third was from Kimberley(9).

The fifth serotype, Kyalami, was isolated in 1974 but only identified positively as a new
serotype of EEV in 1976. The original isolate was made from a horse from
Onderstepoort that exhibited acute liver atrophy. The virus was named in 1976 when

isolations of the same serotype were made from a number of horses in the Kyalami area

that were febrile and showed mild icterus®0.

In 1991, five isolations of the sixth serotype, named Potchefstroom, were made from
blood taken from febrile horses at a military base near Potchefstroom. Infected horses

showed signs of depression inappetence and jaundice(D.
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A seventh serotype, E21/20 was recovered from blood collected in 2000 from a 6-year
old gelding at St Lucia, KwaZulu Natal. This horse had a high fever (41.6 °C) but no

other clinical signs were reported9).

All the available isolates of the Langeberg virus, originally reported as a strain of EEV®),

were shown to be AHSV type 5 by Howell 7 a/ (2001)19.

In 1978, Erasmus e a/ reported cross-reactions between serotypes Cascara, Gamil,
Kaalplaas and Bryanston in a complement fixation test (CFT) adapted from Mclntosh
(1956)@3. These serotypes did not react with other orbiviruses such as BTV, AHSV,
corriparta virus, palyam viruses (d'aguilar and abadina), warrego virus (CH 9935),
Mitchell river virus (MRM 10434) or EHDV®:10). Later, Gerdes and Pieterse (1993) also

used this CFT to aid in the identification of the Potchefstroom serotype(D.

In a recent study, Howell ¢ a/ (2001)(19 confirmed the identity of the seven distinct
serotypes by serum-virus cross-neutralisation tests incorporating all seven antigens and
their homologous antisera. They also proposed that the serotypes be assigned a
numerical identity with the original isolates as prototypes. New isolates should be

identified with sequential numbers.

The proposed numerical identities of all the named serotypes are represented in Table

2.1 and will be used throughout this dissertation when referring to the various serotypes.
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Table 2.1 Serotype numbers that were assigned to each
of the prototype EEV isolates in alphabetical order.

Prototype virus name Serotype no.

Bryanston 1
Cascara

Gamil

Kyalami

2
3
Kaalplaas 4
5
Potchefstroom 6

7

E21/20

Epidemiology

Several serological surveys have been carried out in recent years. Although often limited
in the numbers tested, the results do suggest that EEV is endemic in equids in most
parts of South Africa, in Botswana, Namibia, Zimbabwe and in Kenya 820, Horses of

all age groups and of both sexes appear to be susceptible to infection.

Virus neutralising antibodies against EEV type 1 and EEV type 5 have been found in
the sera of zebra (Equus burchelli) from Namibia®. Group-specific, indirect, enzyme-
linked immunosorbent assay (ELISA) antibodies against EEV have also been reported in
sera from zebra in the Kruger National Park (KNP)©. In a later survey, in which sera
from twenty-four species of southern African wildlife were tested, group-specific

antibodies against EEV were found in zebra (28/117) and elephant (4/49)0.
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Williams ez a/ (1993)3 used an ELISA to test a small number of South African horse,
donkey and zebra sera. The donkey sera were collected in the former Eastern Transvaal
and the zebra sera in the KNP. Antibodies against both AHSV and EEV were detected
in horse (1/12) and zebra (2/9) sera. Most of the donkey sera (10/13) wete also positive

for antibodies to both of the viruses.

In another survey, 74% of horse sera (449/604) tested in South Africa between 1994 and
1997 were positive for antibodies to EEV®0.  Similarly, 85% (164/193) of the donkey

sera received from Zimbabwe in 1995 tested positive for antibodies to EEV0).

Virus isolates from Culicordes biting midges collected during the summer months of 1969
were reported to have cross-reacted with the EE virus group®) in a CFT adapted from
Mclntosh (1956)@3. Isolates of EEV were also reported from Culicoides imicola between
January 1979 and May 1985@5. None of these isolates were serotyped. Experimental
studies have shown that C. iwicola can become infected, and will support the replication
of EEV type 1 following i vitro feeding on virus-infected blood®3. Infections of EEV,
like AHSV and BTV, usually occur in late summer and autumn in years when the

climatic conditions favour an abundance of Culicoides.

The epidemiology of EEV is poorly understood. However, because AHSV and EEV
belong to the same virus genus and are believed to circulate between the same vertebrate
and invertebrate hosts, it is possible that much of the epidemiology of AHSV and EEV

is similar. Obviously there may be significant differences that will need to be addressed,
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for example: a) the duration and level of the viraemia in different equid species — this
will influence the transmission of the virus to the vectors; b) the absence of any EEV
vaccine and the consequential spread of the uncontrolled virus — there is no interference
of vaccine-induced antibodies on the geographic distribution of seropositive animals; c)

possible vertebrate and invertebrate host differences — unidentified hosts and vectors.

Pathogenesis

Very little is known about the pathogenesis of EE. Experimental infection of horses
usually produces a febrile reaction, with or without depression, but no serious illness.
Although all isolations of the original serotypes were made from clinically sick horses or
from fatal cases, it appears difficult to fulfil Koch’s postulates. In fact, fatal disease has
only been reproduced successfully on one occasion(”). In this case study, a horse was
inoculated intravenously with the original EEV type 2 (Cascara) that had been passaged
once in suckling mice and twice in BHK cells. The horse developed a febrile reaction
that lasted from the second to the seventh day pi. Apart from slight inappetence, no
clinical signs were evident. However, during the afternoon of the tenth day the animal
became hyperexcitable and reacted violently. After about 30 minutes, it was completely
comatose and died four hours later. The necropsy findings closely resembled those
observed in field cases of the disease from which EEV type 2 had been isolated. Virus
could be isolated from the blood from the first day after inoculation until the day of

death, and from most of the organs and lymph nodes(. Further studies on the
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pathogenesis of EE are therefore required to determine the duration and level of

viraemia as well as the tissue tropism of the virus.

Clinical signs

Published and field reports of the clinical signs associated with EEV infections are
inconclusive. Coetzer et a/ (1994)®) have described clinical signs that ranged from a mild

febrile disease to abortion and death with few preceding signs. Most affected horses

showed either a slightly elevated rectal temperature (39 °C) that persisted for one or two

days or a high fever (40 to 41 °C) with increased respiration and pulse rates that lasted

for between one and five days.

Other clinical signs that have been observed less frequently included varying degrees of
swelling of the eyelids, the supraorbital fossa and even the entire face. Signs of central
nervous system involvement such as mild to severe ataxia, reluctance to walk and
stiffness, a wild expression in the eyes, and changes in temperament and/or convulsions
have also been attributed to EEV infections.  Respiratory distress sometimes
accompanied by a frothy, clear or slightly blood tinged nasal discharge, petechiae in the
conjunctiva and signs of acute heart failure have also been reported. Many of these

observations were cited by Erasmus as personal communication®).

In a retrospective study of 59 EEV isolations made since 1983, it was suggested by
Paweska ez a/ (1998)0 that the disease could be divided into four “groups” according to

the clinical signs. These were abortion, acute death, AHS-like syndrome and febrile
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cases. These authors also suggested that EEV should not be implicated as a significant

cause of nervous system disease in the horse.

A recent serological survey of 518 horse sera from well-managed stud farms in South
Africa showed that 56.9% of the sera were positive for neutralizing antibodies to EEV
(Howell ez a/ 2001)(19. These authors concluded that most EEV infections were either

mild or subclinical and that if clinical signs were evident they would closely resemble

what has been described by Theiler (1921)@% as AHS fever.

Pathology

The lesions described in the first ever reported case of EE (the mare Cascara, 1967,
Kimberley) included venous congestion, particularly of the liver, kidneys and sub-
cutaneous tissues. The liver also showed signs of fatty degeneration.  Sharply
demarcated areas of catarrhal enteritis were observed in the distal half of the small
intestine. 'The brain was congested and oedematous with an excessive amount of

cerebrospinal fluid®.

Other lesions that have been associated with fatal cases of EE include, varying degrees
of lung oedema and hydropericardium, slight hepatomegaly and splenomegaly,
hyperaemia of the glandular part of the stomach and petechiae in serosal surfaces

(particulatly of the small intestine)®.
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The pathological changes reported in cases with liver involvement include a diffuse
cloudy swelling and hydropic degeneration of hepatocytes, which is evident
microscopically and mild to moderate infiltration predominantly of lymphocytes in the
portal triads. Reported cases with nervous involvement have exhibited congestion,
oedema and perivascular lymphocytic infiltration in the periventricular areas of the brain.
Extensive fibrosis of the myocardium has also been described in horses that died of

acute heart failure®. No descriptions of foetal lesions are available.

Because of the high prevalence of infection and the apparent subclinical nature of this
disease, it is possible that some virus isolations made from sick animals were, and could

be purely coincidental.

Diagnosis
Virus detection

The OIE Manual of Standards for Diagnostic Tests and Vaccines identifies several tests
for the detection of AHSV and viral antigen®. These include the isolation of virus in
cell culture and by intracerebral inoculation of day-old mice, ELISA and the polymerase
chain reaction (PCR)?7. No procedures or assay methods are described in the manual

for the isolation and identification of EEV.

Currently, only laboratories from the Onderstepoort Veterinary Institute (OVI), South
Africa, the Department of Veterinary Tropical Diseases (DVTD) in the Faculty of

Veterinary Science, University of Pretoria, South Africa and the Institute for Animal
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Health (IAH), Pirbright, United Kingdom (UK) routinely attempt the isolation of EEV.
These laboratories are using conventional methods that are used for AHSV isolations,
namely cell cultures and intracerebral inoculation of day-old mice. Currently EEV
identification is only being carried out in southern Africa. Isolated viruses are
subsequently identified using a group-specific CFT. Thereafter, the virus serotype is
determined using the serum-virus neutralisation test (VNT)©®. The VNT method used
for serotyping EEV is time consuming and requires each virus isolate to be tested with
antisera produced in sheep against each of the individual virus serotypes. This test will

however, not identify new or emerging EEV serotypes.

Group-specific genomic probes for the detection of EEV have been described®¥ but
there are no reports of this technology having been implemented in diagnostic

laboratories.

The indirect sandwich ELISA (S-ELISA) described for AHSV18) has been successtully
applied to other orbiviruses including BTV and EHDVGY. However, this methodology

has not yet been applied to the detection of EEV and viral antigen.

Antibody detection
The CFT and ELISA are both recommended by the OIE as approved tests for the

detection of serogroup specific antibodies to AHSV@). Agar gel immunodiffusion
(AGID), CFT, ELISA and VNT are routinely used for the detection and identification

of antibodies to AHSV at the World Reference Centre for AHS, OVI®, in Regional
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Reference laboratories around the world and at the DVTD. Similar tests are routinely

used for the detection and identification of antibodies against EEV.

Although the agar gel diffusion test has been used successfully for many years for the
detection of AHS, BT and EHD virus antibodies, the test is now considered not
sensitive enough for international trade. In addition, there are some doubts about the

specificity of the test.

The CFT has been used for many years but it is well known that the interpretation of
CFT results from different laboratories are subject to variation. The assay primarily
detects IgM and is therefore ideal for the detection of a primary antibody response.
However, the anti-complementary effects of some animal sera can affect the assay. T