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African horse sickness in Thailand: Challenges of controlling an

outbreak by vaccination

1 | ASHOCKING ALERT: AFRICAN HORSE
SICKNESS REPORTED IN SOUTH-EAST ASIA

As the world continues to battle the COVID-19 pandemic and the pig
farming sector is concerned with the relentless geographical spread
of African Swine Fever, another serious veterinary epizootic, which
has gone largely unnoticed by the general media, emerged in the
early months of 2020. African horse sickness (AHS), perhaps the most
feared equine infectious disease, appeared in South-East Asia and
threatens the equine industry worldwide. Indeed, on 17 March 2020,
the Thai veterinary authorities communicated to the OIE (World
Organisation for Animal Health) a confirmed case of African horse
sickness (AHS) in Pak Chong, Nakhon Ratchasima, Thailand.>? The
outbreak is thought to have started a few days earlier in February.
Since then, despite the implementation of a range of control mea-
sures (including control of animal movements, use of insect netting,
and vaccination with the live attenuated vaccine), the disease spread
to other dispersed locations in the country. A total of 15 different
outbreaks have been recorded so far, resulting in more than 500
horse deaths, bringing the mortality rates above 90%. This is the first
ever outbreak of AHS in Thailand and the first occurrence of AHS in
Asia in some 60 years. In the absence of AHS occurring in neighbour-
ing countries in decades, the emergence of AHS thousands of miles
away from endemic regions for the disease, it is likely that the Thai
outbreak has its origins in the importation of AHS-infected animals.
Thailand is a non-endemic country for AHS and consequently
its whole equine population is immunologically naive to the virus
and therefore highly susceptible to the severe clinical manifesta-
tions of the disease. The hot and humid climate of Thailand, with
the absence of cold winters that would interrupt the activity of
Culicoides spp biting midges, the hematophagous insects that
transmit African horse sickness virus (AHSV), make the continuous
transmission of the disease in the region and its spread to other
parts of Asia highly plausible. Some of these recent outbreaks oc-
curred in provinces of Thailand that share borders with Myanmar,
Cambodia, Malaysia and Laos, and if they are not brought under
control, they will threaten the livelihoods of a large proportion of

the human population of these countries, already battered by the

effects of the COVID-19 pandemic. Indeed, local Thai ponies play
animportant role in the agricultural systems in these communities,
and given the high mortality rates and effects of AHS on interna-
tional trade of horses, this outbreak can also have a devastating
impact on the thriving thoroughbred industry of mainland China
and Hong-Kong.

The evolution of historic outbreaks of AHS outside the African
continent indicates that international and local veterinary bodies
should monitor the Thailand epizootic very carefully. The Iberian
Peninsula epizootic of 1987 - 1993%* amply illustrates the need for
caution. It started in central Spain in 1987 and then spread to the
South of the country the following seasons. Despite all possible con-
trol measures that were put in place, both in Spain and neighbouring
Portugal, the virus spread to Portugal in 1989.% It was only after vig-
orous and comprehensive control measures, which included wide-
spread vaccination, control of animal movements, insect control and
rigorous sero-surveillance, that this outbreak was finally eradicated.
It is likely, that the mild and short winters in the South of the Iberian
Peninsula contributed to the presence of AHS in that part of the

world for consecutive seasons.

2 | AHS IS A NOTIFIABLE DISEASE TO THE
OIE

AHS is a lethal disease that can spread rapidly within an equine
population, has a high negative economic impact in countries
where it occurs and affects dramatically international trade of
horses. For all these reasons AHS is one of the listed diseases of
the OIE (World Organisation for Animal Health)® and is the only
equine infectious disease for which the OIE issues an official rec-
ognition of disease freedom for a country or parts thereof (OIE,
Terrestrial Animal Health Code).” The loss of the AHS-freedom
status is already affecting Thailand and the same will happen to
neighbouring countries should AHS spread in the region. As a con-
sequence, horse exports will be severely restricted, for example
horse exports to the EU will be banned for 2 years.® In addition,

regaining OIE AHS-freedom status and restoration of equine trade
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with the rest of the world will require sound active and passive
disease surveillance strategies, using appropriate and validated
diagnostic methods. This is a task that requires efficient coordina-
tion of the veterinary services and authorities both at national and
international levels. The logical diversion of national funding ef-
forts to combat the current COVID-19 pandemic will undoubtedly
play a detrimental role in the capacity to curtail the expansion of
AHS in the region.

3 | TOBE OR NOT TO BE (VACCINATED),
THAT IS THE QUESTION

Vaccination is an essential pillar of any AHS control programme and
it needs to be implemented in conjunction with other control meas-
ures such as rapid accurate diagnosis, disease surveillance, preven-
tion of insect biting and control of the movement of horses between
geographical regions. The latter, normally results in the implementa-
tion of regionalisation policies and the geographical demarcation of
‘AHS-free’, ‘Protection’, ‘Surveillance’ and ‘Infected’ Zones, following
the general principles established by the OIE Terrestrial Code.” The
application of these OIE guidelines have been translated into differ-
ent pieces of legislation in the EU.X° the UK and the Republic of
South Africa. Now, these policies and regionalisation strategy are
being adopted in Thailand.

However, monitoring the spread of the disease and regulating
the movement of horses between regions of different disease sta-
tus is labour-intensive and very demanding for veterinary authorities
since it often involves, amongst other measures, strict checks of the
infectious status of individual horses prior to movement, and the
application of protracted quarantine procedures. These procedures
will become even more complicated when systematic vaccination of
the horse population is performed.

Indeed, the only two types of vaccines that have ever been
used in the field to combat AHS are: a) the whole virus attenuated
AHSV vaccine (LAV), in use today; and b) the whole virus inacti-
vated vaccine, used on a very limited scale in Iran in the 1960s
and in Spain during the last year of the outbreak in 1993.% Both
types of vaccine induce an antibody response to all virus antigens
and therefore it is not possible to differentiate naturally infected
from vaccinated animals. Systematic vaccination of an entire
horse population with these vaccines would provide protection
but at the same time would result in high levels of seroprevalence.
Therefore, demonstrating AHS disease freedom and/or monitor-
ing the spread of the disease on the basis of serological data would
be very complicated. The use of RT-PCR testing for monitoring the
spread of infection, aiming at detecting recent infections within
a population vaccinated with the attenuated vaccine, would also
be challenging since RT-PCR tests can detect viral RNA in the
blood of vaccinated animals for up to 100 days post vaccination.
Interpretation of RT-PCR test results in horse populations vacci-
nated with the inactivated vaccine would be easier but these vac-

cines are not available yet and their protective efficacy against

AHSV serotype 1, responsible for the current outbreak, is yet to
be demonstrated.

Systematic use of vaccination of a horse population is therefore
incompatible with the AHS disease-freedom status. This is reflected
in the Article 12.1.2 of the OIE Terrestrial code, which states that
“..A country or zone may be considered free from AHS when infection
with AHSV is notifiable in the whole country, systematic vaccination

is prohibited, importation of equids and their semen, oocytes or em-
bryos are carried out in accordance with this chapter, and either.:......... 9
Therefore, the main dilemma veterinary authorities are confronted
with during an AHS epizootic occurring in a non-endemic country,
such as Thailand and other countries in the region, is whether to vac-
cinate or not the horse population or parts thereof. If vaccination is
finally mandated, then further considerations need to be taken into
account such as: a) when to vaccinate; b) in which parts of the country
is the vaccine going to be used and what animals would be vaccinated
(all equids? or only certain species or breeds?); c) how surveillance is
going to be performed; and d) what is the strategy to eradicate the
disease, i.e. when to stop vaccinations and how to regain the AHS-
freedom status.

With regards to the current outbreak, these dilemmas are not
only for Thailand to consider, but also for neighbouring countries
that are threatened by the spread of AHS in their territories and are
monitoring this outbreak. It is being reported that Cambodia and
China are already testing horses for AHS.1?

The pre-emptive use of current licensed vaccines in Thailand's
neighbouring countries will inevitably result in loss of the AHS-
freedom status and will result in economic losses due to trade re-
strictions. Surveillance of disease and infection using diagnostic tests
validated according to international standards recommended by the
OIE will play an essential role in the control of the current outbreak.

4 | THE IMPORTANCE OF DIAGNOSTICS

Rapid accurate diagnostic tests play a critical role in disease con-
trol and surveillance, health certification and international trade of
horses. The last two decades have witnessed the development of
both RT-PCR and serological AHS diagnostics. Also, significant ad-
vances have been made towards the harmonisation and standardisa-
tion of diagnostic procedures. The coordinated efforts of the main
AHS stakeholders (research scientists, official diagnostic laborato-
ries, the International equine Industry and the OIE) culminated in
the demonstration that the most commonly used RT-PCR and ELISA
diagnostic tests perform according to the stringent criteria specified
in the OIE Diagnostic Manual 3¢

Management of the current outbreak in Thailand requires the
implementation of the measures mentioned previously with special
emphasis on surveillance, which has to be tailored to the specific
epidemiological context of this particular outbreak. With the avail-
ability of only one type of vaccine (LAV) and the risks associated
with the pre-emptive use of vaccination in AHS-free areas, detec-

tion of AHS cases and monitoring the spread of disease, using the
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laboratory tests mentioned above, is going to play an absolutely crit-
ical role in controlling this outbreak.

However, the use of RT-PCR for surveillance will be hampered by
the high sensitivity of test, capable of detecting traces of viral RNA
in blood for long periods of time after infection,'” and the impossi-
bility of discerning whether a positive result is the consequence of
vaccination or infection. Furthermore, viral RNA can be detected in
blood of AHS convalescent animals that are no longer infectious and
makes it more difficult to discern whether an active virus infection is
circulating within a population. The complications of using RT-PCR
for surveillance in vaccinated populations are well-known.*®

The use of serology for surveillance is of high value as it would
provide complementary information to the RT-PCR data and permits
testing a large number of samples. However, serological data would
only indicate whether AHS has been previously circulating in a horse
population, unless serum samples are periodically collected from
such population and the levels of antibodies are quantifiable by the
serological test. In the latter case, a seroconversion (normally de-
fined as four-fold increase in antibody titre) detected between two
serum samples collected from the same animal within a period of
2 or more weeks, would indicate that an active infection occurred
between the sample collection timepoints.

However, of the AHS serological tests recommended by the
OIE,* only the SNT is suitable for quantifying serum antibodly titres.
However, the SNT is very laborious, slow, highly dependent of well-
trained laboratory personnel, difficult to standardise and requires
the use of high containment laboratories (up to Biosafety Level 3).

Considering that vaccination is currently being used in Thailand,
the strategy for disease surveillance is going to play a vital role in con-
trolling this outbreak but adaptation of existing tests to the current
epidemiological context would be necessary for improved control.

5 | FUTURE PROSPECTS FOR IMPROVED
CONTROL OF AHS: THE DIVA APPROACH

As discussed earlier, the decision to vaccinate against AHS in a non-en-
demic country in the face of an imminent or on-going outbreak comes
at the expense of losing the AHS-freedom status. However, it is possi-
ble to develop control strategies based on vaccines that are compatible
with disease-freedom status and surveillance operations. The develop-
ment and use of vaccines that are based on a selected suite of viral
protective antigens would enable conducting disease surveillance using
complementary diagnostic tests based on antigens that are not part of
the vaccine. Thus, the immune response of animals vaccinated with
such vaccines could be differentiated from the immune response that
results from a natural AHSV infection if the complementary diagnos-
tic tests were used. These Differentiation of Infected from Vaccinated
Animals (DIVA) vaccines could bring important benefits to the control
of AHS before, during and after the outbreak occurs.

a. Before the outbreak starts it would be possible to pre-emptively

vaccinate and protect a horse population in high risk areas or

countries. The equine population receiving the DIVA vaccine
would develop antibodies against the vaccine antigen but not
against those antigens that are not included in the vaccine com-
position. Detection of antibodies against viral antigens not pres-
ent in the vaccine would be the basis for identifying horses that
had experienced a natural AHSV infection. In this situation, the
whole horse population would be protected and if an incursion of
AHSV from a neighbouring country occurred, this would be de-
tected by the DIVA test. The differentiation of vaccinated animals
from those infected with AHSV would allow OIE certified dis-
ease-freedom status and consequent economic benefits would
be maintained by a non-endemic country even when the equine

population has acquired protective immunity via vaccination.

. During a new outbreak, the use of a DIVA strategy would facil-

itate significantly the detection of infected animals in a popula-
tion that would be otherwise protected by the DIVA vaccine. By
contrast, use of whole virus vaccines following the emergence of
AHS in a non-endemic country would trigger a series of measures
to control the spread of the infection, including amongst others,
the demarcation of an ‘Infected Zone', a ‘Protection Zone’ sur-
rounding it (normally extending 100 km from the infected zone);
and a ‘Surveillance Zone' surrounding the latter. The rest of the
country would be classified as uninfected or disease-free. These
demarcations can change with time depending on the spread
of the disease. The transit of animals between zones has to be
highly regulated and in some cases even prohibited. The primary
objective of these regulations is to stop infected animals moving
to other zones to prevent spreading the disease. Quarantine pro-
tocols, certification of the infection status of individual animals
and disease surveillance within all these zones require the use
of high-quality diagnostic tests. In these circumstances the use
of the LAV would only be applied to animals within the ‘Infected’
and ‘Protection’ zones, but not to those in the ‘Surveillance Zone'.
The objective of not vaccinating animals in the ‘Surveillance
Zone' is to ensure that they remain seronegative for AHSV unless
transmission of the outbreak virus occurs within that zone. If the
virus spread beyond the Protection Zone, the geographical bor-
ders of all the zones would have to be re-defined, which would
complicate and prolong the eradication of the disease. Zoning
modifications of this kind occurred in Portugal during the 1989-
1991 outbreak.®

Declaration of the end of an AHS outbreak and regaining AHS-
freedom status would be facilitated significantly by the use of a
DIVA strategy. In contrast, the very high AHS-specific antibody
prevalence in a population vaccinated with the LAV would com-
plicate the laboratory detection of new infections, especially
any that are sub-clinical, which are expected to be relatively
frequent in a vaccinated population. Currently it is not possi-
ble to use any antigen-detection or serological diagnostic test
that enable the discrimination between infected and those that
are simply vaccinated but not infected. Consequently, confirm-
ing the absence of new active AHSV infections in a vaccinated

population at the end of an outbreak would require periodic
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sampling of the horse population and testing for the lack of
viral RNA in blood and/or lack of seroconversions. In contrast,
it would be possible to discern whether AHSV transmission is
occurring with an equine population vaccinated with a DIVA
vaccine by using a DIVA RT-PCR or ELISA test. Any positive re-
sult obtained with a DIVA test from a horse (either vaccinated
or not) would indicate that such particular animal has experi-
enced an active viral infection.

All of the above indicates that an AHS DIVA vaccine would re-
duce costs of control policies when an outbreak occurs, improve
safety of horse movements within endemic countries and finally
would facilitate international trade of horses in both directions (from
Thailand to the rest of the world and vice versa).

6 | ARE AHSV VACCINES FEASIBLE?

Due to the drawbacks of the LAV (especially, the risk of reversion
to virulence and genome segment re-assortment between vaccine
and field virus), AHS research has consistently focused on finding
alternative vaccine strategies that are safer and more efficacious.
Over the last three decades, a broad range of vaccine platforms for
AHS have been explored, ranging from protein sub-unit vaccines, to
genetically modified AHSV and viral vector vaccines (reviewed by
Dennis et al.'?). None have yet reached the market. The reasons for
this are multiple, and include amongst others, the size of the equine
vaccine market, high costs of vaccine development (need for high
containment animal facilities), ethical constraints (use of horses for
research) and costs of manufacturing. Despite this, some of these
DIVA strategies are close to entering the clinical development phase.

Indeed, these new vaccines use selected viral protective anti-
gen(s) enabling the development of complementary diagnostic tests
based on the antigen and gene segments that are not included in
the vaccine. The DISA (Disabled Infectious Single Animal),?° DISC
(Disabled Infectious Single Cycle),21 VLP (virus-like particle)zz'24
approaches are all attractive options for further research and are
theoretically DIVA compatible. Their disadvantage for DIVA is that
on top of developing the vaccine, investment is needed to develop
and validate the DIVA accompanying test. In the case of DISC and
DISA approaches, the licensing pathway for these biologically-active
genetically-modified AHS virus vaccines, seems more cumbersome
than for other alternative technologies.

Other DIVA compatible vaccine strategies, however, have a long-
track record of safety and efficacy, and can be used already in conjunc-
tion with differential diagnostic tests currently in use. Indeed, vaccines
that are based only on AHSV-VP2 and/or VP5, the main targets of virus
neutralising antibodies, are already DIVA compatible when used with
AHSV-VP7-based diagnostic tests. These are routinely used in AHS-
diagnostic laboratories. Furthermore, both RT-PCR tests based on the
VP7 gene, and VP7-based ELISA procedures are recommended by
the OIE®® and some of these specific tests have been very rigorously

tested and reached Stage Il of the OIE validation pathway,”"16

In terms of efficacy, baculovirus expressed VP2/VP5 sub-unit
vaccines have been demonstrated to induce virus neutralising anti-
bodies and protection in laboratory rodents and also in horses,?>%¢
It is believed that they did not reach the market due to the high costs
of manufacturing in an industrial setting. However, recent studies
demonstrated that vaccine production yields can be improved sig-
nificantly and that at least in the mouse model, protection can be
achieved with just one vaccine dose.?’” Canarypox-based vaccines
expressing AHSV-VP2/ VP5 have also shown promising results in
horses, at least with AHSV serotype 4, demonstrating both cellular
and humoral protective immune responses could be induced.?®??
Likewise, AHSV-VP2 vaccines based on recombinant modified
Vaccinia Ankara virus (MVA) were shown to be protective in small
animal models and in horses and it was shown that the main protec-
tive mechanism was mediated by virus neutralising antibodies.3°-%°
Furthermore, the potential to use this strategy as a polyvalent ap-
proach was also demonstrated.3®

With regards to safety, in contrast with attenuated vaccines, the
risk of developing an active AHSV infection in horses vaccinated
with baculovirus-expressed VP2/VP5 sub-unit, Canarypox VP2/
VP5 or MVA-VP2 vaccines is effectively nil. This is because these
vaccines are based on non-replicative AHSV viral antigens. There are
alarge number of vaccines based on these technology platforms that
have been developed and commercialised to prevent human and
veterinary diseases. A few examples of these studies include vac-
cines preventing equine influenza, West Nile, human papillomavirus,
MERS, Ebola, human influenza.?82%37-42 Therefore, claims that these
technologies are not safe or not suitable for manufacturing AHS vac-

cines??

are not supported by scientific evidence.

Thus, all three vaccine technology platforms are suitable for in-
dustrial production, have an excellent track record of safety and have
proven efficacy in the field. Any of these three vaccine platforms rep-
resent a realistic prospect for development and commercialisation of a
safe, efficacious and DIVA compatible AHS vaccine. They also present
the advantage that they are compatible with one another since they

are based on the same protective antigens (i.e. AHSV-VP2).

7 | CONCLUSION

AHS is a truly devastating disease from both an animal welfare perspec-
tive and in respect of the economic damage that it causes. The virus is
endemic to Sub-Saharan Africa but historically has emerged periodically
in Southern Europe, North Africa, the Arabian Peninsula, the Middle
East, Iran and India. Today it is causing a serious outbreak in Thailand,
threatening the whole region. The European experience with blue-
tongue, a disease of ruminants that has become endemic in this conti-
nent and is caused by a virus closely related to AHSV and transmitted by
the same insect vectors, is a serious reminder of what could potentially
occur with AHS in South-East Asia. The spread of AHS and possible en-
demicity of AHSV in Asia is particularly worrying due to the lack of safe
and effective vaccines able to control the disease without expensive and

time-consuming additional disease management measures.
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The control of the current outbreak in Thailand and limitation of its
wider spread in Asia will be challenging. The use of the polyvalent live
attenuated vaccine, which contains in its formulation attenuated vi-
ruses of several AHSV serotypes other than AHSV type 1, will require
careful design of disease surveillance protocols. Besides the implemen-
tation of vaccination with the live attenuated vaccine, the International
Horse Sports Confederation (IHSC) is focusing its support on the de-
velopment of polyvalent whole virus inactivated vaccines,*® which
may prove sub-optimal due to the limited DIVA capability and un-
known protective efficacy for AHSV-1. Therefore, at present, imme-
diate control measures of AHS in Thailand need to focus strongly on
disease surveillance, control of animal movements and re-adjusting of
regionalisation policies, whilst improvements in diagnostics that facili-
tate surveillance procedures are developed. The Thailand outbreak of
AHS is highlighting the problems that are associated with the use of
whole virus attenuated vaccines in a non-endemic context and the lack
of alternative safe and effective vaccines with DIVA capacity.

At the time of finishing writing this article, a total of 15 out-

d** and another out-

breaks have been reported from Thailan
break of AHS has been reported in Malaysia, near the border with
Thailand,* which reflects the seriousness of the present situa-
tion. It will be crucial to determine the serotype and nucleotide
sequence of this virus in order to elucidate the origins of this new

outbreak.
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