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ABSTRACT

African horse sickness (AHS) is a viral disease that afflicts all equine species and has a 90%
mortality rate in unvaccinated horses. The disease has a devastating effect on the national
herd of South Africa each year and affects both the sport and racehorse industries, including
the export of prized bloodstock, as well as the rural and subsistence economies that depend
on animal traction. Transmitted by the Culicoides spp. of biting midge, the virus belongs to
the Orbivirus genus of the Reoviridae family with nine known serotypes and ten genome
segments. Segment 2 (which encodes VP2) is responsible for serotype determination while
segment 10 (which encodes NS3) is merely serotype-divergent. Knowledge of the
seroprevalence of the virus is poor. The increasing reluctance of horse owners to use the
registered vaccine due to perceived inefficacy is of concern. As a means to increase
knowledge output in this regard, and potentially provide a service to horse owners, a rapid
serotyping assay is sought based on High Resolution Melt (HRM) analysis. HRM analysis is
a powerful tool that is based on the release of a DNA intercalating dye from polymerase
chain reaction products through gradual and controlled heating. The dye is released at a
specific point that is dependent on the unique sequence of the amplicon. It can thus be used
to distinguish, very sensitively, differences in divergent amplicons. Using a range of freely
available bioinformatics software, such as Clustal X2, Primaclade, Treeview and BLAST
analysis, primers were designed based on segment 2 that sought to differentiate the
individual serotype from previously defined clades based on a pair of segment 10 primers.
Reference and field isolates of the AHS virus were obtained from the National Institute of
Communicable Disease and the Onderstepoort Veterinary Institute, South Africa, and were
propagated on Vero cell monolayers. Total RNA was extracted using guanidine-thiocyanate
and verified as containing AHSV genomic material using primers recognised by the World
Organisation for Animal Health that target the genome segment encoding VP7. Variable
amounts of total RNA did not influence the downstream analysis as individual serotypes were
easily distinguished using HRM despite wide ranging template concentrations. Through
testing the primers designed in the present study, various serotype anomalies were
discovered with regard to the isolates obtained from the Onderstepoort Veterinary Institute.
Serotype-specific primers and the segment 10 primers were used to interpret the serotype
anomalies through High Resolution Melt analysis. Sequencing confirmed the anomalies:
serotype 2 isolates were serotype 6 isolates and a serotype 5 isolate was serotype 8. A
proposed protocol for a rapid serotyping assay was investigated. This involved an initial PCR

to determine into which clade of segment 10 the sample fits. Following this, the serotype was



elucidated for each clade using segment 2 clade-specific primers. These reactions were
performed in the Corbett Rotor-Gene™ 6000 and its in-built software was used. However,
limitations of the software soon became apparent, as it was not able to completely
distinguish the serotypes. Alternate methods were sought and included ScreenClust HRM®
Software, principal component analysis (PCA) and discriminant analysis (DA). The use of
normalised HRM fluorescence curves for PCA and DA was effective in standardising the
template concentrations. These methods were successful in determining the serotype and
rendered results with greater statistical confidence. Finally, a phylogenetic analysis was
performed of all the available AHS virus sequences to determine the degree of possible
genetic drift in the virus that may give rise to a new serotype. Minimal to no genetic drift could
be found comparing sequences from the 1960s to sequences from the 2000s. This study
presents the ability of HRM analysis to recognise and define AHS virus serotype anomalies,
provide a new protocol for the serotyping of the virus with an extensive statistical analysis,
the first for an orbivirus. Furthermore, the protocols described can be extrapolated to other

orbiviruses.
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CHAPTER 1: INTRODUCTION, LITERATURE REVIEW AND
RESEARCH OBJECTIVES

1.1. Introduction

1.1.1. Background
African horse sickness (AHS) is a devastating viral disease that afflicts members of the

Equidae family. In South Africa, there are nearly 300,000 horses and approximately 160,000
donkeys that make up the national herd with over 30,000 zebra in protected areas around
the country according to data from South African National Parks and KZN Wildlife (Gerdes,
2006). Horses are the most susceptible with a 90% mortality rate, while zebras remain

subclinical for the virus and act as a reservoir of the virus (Coetzer & Erasmus, 1994).

The African horse sickness virus (AHSV) is a member of the Orbivirus genus that belongs to
the Reoviridae family, with many similarities in epidemiology to the prototype virus, the
Bluetongue virus (BTV). As an orbivirus, AHSV has a double-stranded RNA genome of ten
segments (Oellermann et al., 1970; Bremer, 1976; OIE, 2009). AHSV is a vectored arbovirus
transmitted between equines via Culicoides spp. of midge. In South Africa, Culicoides imicola
plays the largest role in the epidemiology of the virus although C. bolitinos has also been
found to play a significant role in some areas (Meiswinkel & Braack, 1994; Meiswinkel &
Paweska, 2003). AHSV competent Culicoides species have been found throughout the world
from the Americas, Europe and Australasia (Boorman et al., 1975; Mellor et al., 1975; Mellor,
1994; Goffredo & Meiswinkel, 2004). In view of this, strict quarantine protocols are followed
when horses are exported from sub-Saharan Africa. Previous incursions into Europe, the
Middle East and Asia have been severe due to the serologically naive status of equine
species in these regions. The last major ex situ outbreak on the Iberian peninsula from 1987-
1990 was caused by the candid importation of infected zebra from Namibia (Lubroth, 1988;
Lord et al., 1998b). The recent and widespread bluetongue outbreaks in Europe have
prompted many countries to step up surveillance programmes and develop strategies to
cope with a potential AHS outbreak (Mertens, 2007; Carpenter et al., 2009; Maclachlan &
Guthrie, 2010).

The necessary strict quarantine protocols in place for the export of equines from South Africa
have a paralysing effect on the local equine industry. The international competitiveness of
South African race and sport horses is seriously hampered, with costly and lengthy
guarantine periods currently in place to export a horse from South Africa to the EU. Racing

South Africa has, however, engaged with both the World Organisation for Animal Health



(OIE) and World Trade Organisation (WTQ) to reduce this to just fourteen days, under ideal
conditions. As part of the agreement, rapid, sensitive diagnostics are vital to effect this
(RacingSA, 2012).

Furthermore, AHS has a significant effect on working equines. In much of the world, rural
economies still rely on animal power, provided by donkeys, mules and horses (Simalenga &
Joubert, 1997; El Idrissi & Lubroth, 2006). The socio-economic circumstances of the owners
inevitably render knowledge of AHS to be very poor — both in identification of symptoms and
control. One of the major problems in South Africa with regard to the AHS outbreaks is the
large population of unvaccinated equids living in the rural parts of the country, away from the
concentrated and controlled racing and sport horse communities (Gerdes, 2006). Despite the
enormous role that these equines play in their communities, seemingly little attention is given
to the health and welfare of these animals that may play an important epidemiological role in
endemic and non-endemic outbreaks of AHS (El Idrissi & Lubroth, 2006).

Nine serotypes of AHSV have been isolated. The last was isolated in 1960, and, as such,
AHSYV is considered a relatively stable virus (Howell, 1962). Each genome consists of ten
segments of dsRNA with two segments being responsible for serotype diversity — segment 2
(which encodes VP2) and segment 10 (which encodes NS3) (Grubman & Lewis, 1992).
However, the role of serotypes in the epidemiology of the disease is poorly understood. This
could be because only two or three serotypes may be prevalent in any one year and the
state veterinarian’s protocol that only requires the serotyping of one isolate per defined
outbreak. OIE Reference Laboratories throughout the world do, however, maintain stock of
recent isolates and reference strains. It is largely accepted that theses isolates are correctly

serotyped when acquired for independent research.

1.1.2. Research rationale
An accurate and rapid diagnosis of equine infectious diseases is an important goal for

researchers and veterinarians alike. Diaghosing the virus remains an integral part of disease
management. Early detection of causative agents and identification of the serotype and/or
strain has immediate benefits that include applying the correct treatment regime for the
animal, notifying authorities in the case of notifiable diseases and implementing suitable
control measures to prevent further spread of the disease. The development of rapid assay
methods to identify AHS serotypes is imperative in the study of the disease, in order that
control (including vaccination) might augment the conventional prophylactic strategies
currently employed, hence the term point of care diagnostics. The ability to serotype the
causative virus in an AHS outbreak rapidly, combined with the increasing development of

monovalent vaccines makes a rapid serotyping assay even more important (Koekemoer et



al., 2000). As a result, the national equine population could be protected far more effectively
against AHS. Furthermore, the serotyping and classification of the virus will assist greatly in a
rapid classification of future outbreaks for taxonomic and epidemiological purposes. A rapid
assay may also promote future exportation of South African equine athletes and improve the

livelihood of rural people who depend on equines as working animals for subsistence.

Rapid point of care diagnostics are desirable, but should not come at the expense of
specificity and/or sensitivity. In addition, serotyping the virus rapidly has important
consequences for controlling the outbreak and protecting horses located within a certain
radius of the initial outbreak. Monovalent vaccines, as stockpiled by the EU, would need to
be rapidly deployed in the event of an outbreak in Europe (Anonymous, 2009). As such, the

importance of identifying serotypes cannot be underestimated.

The objective of this research was to combine PCR with High Resolution Melt (HRM)
analysis for detecting the AHS virus in the blood or other biological samples obtained from
infected equids. Noteworthy advantages exist in using PCR and HRM analysis in clinical
situations where conventional microbiology is inadequate, time-consuming or labour-
intensive (e.g. cell culture), or difficult and hazardous (Abdalla et al., 2002). The rapid nature
of PCR also has important consequences for limiting the spread of highly contagious
pathogens in an epidemic — results are typically available in less than 24 hours (Stone-
Marschat et al., 1994).

Non-PCR based serotyping techniques, such as virus neutralisation, take up to two weeks to
achieve a result and it is imperative that the neutralising antibodies are specific (Aradaib et
al., 1995). This has further hindered the understanding of the seroprevalence of the virus and
often leads to wild speculations by lay horse owners (author's observations). The
development of an assay that can rapidly serotype the virus could potentially generate large
amounts of data, if popularly accepted. This would facilitate an understanding of the
interaction and relationships of the serotypes and the role each plays in the epidemiology of

the virus and its course of disease in the equid.

In addition, the use of PCR and HRM analysis will make epidemiological studies into African
horse sickness more thorough. Indeed, the modern nucleic-acid based assays have
revolutionised the diagnosis of disease and its related epidemiological studies. These
molecular systems have made the isolation of pathogens secondary. The characterisation of
pathogens will follow this lead and other isolation steps may become obsolete (Eaton &
White, 2004). This study represents the future in that regard. The cost and analysis time for

serotyping will be drastically reduced. Blood from sub-clinical equids can provide differential



diagnoses for early-warning system strategies and interventions to be employed. These
strategies and interventions include: early quarantining of viral ‘hot spot’ outbreaks,
appropriate vaccination regimes to prevent the further spread of the outbreak (Guthrie et al.,
2009) and prophylactic measures that can be extrapolated to vector control and altered
husbandry systems (Jenkins, 2008; Simpkin, 2008). Furthermore, the possibility of real-time
simulation modelling on AHS becomes a very real possibility as the role that different
serotypes play in the epidemiology of the disease could lead to a comprehensive modelling
and surveillance strategy that will predict future outbreaks and so permit a more effective,

monovalent vaccination programme.

In the last few years, phylogenetic studies have been increasingly used to characterise
viruses and viral disease outbreaks and to confirm new serotypes in other orbiviruses.
Molecular phylogenetics remains a powerful tool in this regard (Baldauf, 2003; Quan et al.,
2008).

The development of a rapid serotyping assay, with minimal cost, has huge advantages for
South Africa, ranging from rural, subsistence equines, to the expedition of exporting high-
value race and sport horses to the world. Internationally, this assay has the potential to

greatly influence the response to a non-endemic outbreak.

1.2. History of African horse sickness
Although African horse sickness almost certainly originated from Africa, the first recorded

epidemic of African horse sickness was in 1327 in the Yemen, (Moule, 1896; Henning,
1956). In Africa, a monk named Father Monclaro was the first to describe the disease from a
1569 account of journeys into central and east Africa, using horses imported from India
(Theiler, 1921). In South Africa, the disease first appeared in horses when they were brought
to the Cape of Good Hope in 1652 by the Dutch East India Company. Sixty years after the
introduction of horses to the Cape the first major, officially recorded, outbreak occurred in
1719 when 1700 horses died. (Coetzer & Erasmus, 1994; Marlow, 2010) It was, however,
already apparent that annual winter frost events appeared to retard the spread of the disease
(Theiler, 1921). The most severe recorded outbreak of AHS was in 1854/55 when it was
estimated that over 70,000 horses, or 40% of South Africa’s horse population, died from
AHS. By 1921, AHS outbreaks were reported in Northern Rhodesia (Zambia), South West
Africa (Namibia), Angola, British East Africa (Kenya), German East Africa (Tanzania),
Zanzibar, Uganda, Sudan/Southern Sudan, Abyssinia (Ethiopia) and Eritrea (Theiler, 1921,

Huismans et al., 1987).



In the early 1900s, pioneers of AHS research discovered that the disease was caused by a
virus (Coetzer & Erasmus, 1994; de Sa et al.,, 1994). At the same time it was becoming
apparent to Theiler (1921) that immunologically distinct strains of the virus existed. This
theory gained further credibility with the work of Alexander in the 1930s. Alexander also
started research that would have important vaccine-related consequences when he showed
that the virus was attenuated during passage in chicken egg embryos (Coetzer & Erasmus,
1994). In 1944, it was confirmed that the AHS virus was vectored by Culicoides imicola (du
Toit, 1944). Nine serotypes have been described, the last being described in 1960, with no
new publications suggesting otherwise (Howell, 1962). Major outbreaks of the disease occur
approximately every 20-30 years. However, a decline in the zebra and horse population and
the advent of the polyvalent vaccine produced by Onderstepoort Biological Products in the
last century has largely prevented the massive outbreaks of the past, although outbreaks
continue to have devastating consequences in certain, more localised areas (Mellor &
Hamblin, 2004).

1.3. Epidemiology

1.3.1. Epizootic events — beyond South Africa
The distribution of AHS is limited to geographical regions that favour the biology of the

Culicoides spp. midge (Mellor, 1993). AHS is endemic to sub-Saharan Africa, including both
the tropical and sub-tropical regions and occurs from Senegal in the west to Sudan, Ethiopia
and Somalia in the east and south to South Africa. The disease has been reported in North
Africa, but it is generally constrained to the south of the Sahara due to the desert’s la