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1 Introduction

Lumpy skin disease (LSD) is a highly contagious disease of cattle and water buffalo caused by Luwpy skin
disease virns (LSDV), a double-stranded DNA virus in the family Poxviridae (Issimov et al., 2020;
Tuppurainen et al., 2017). Clinically, it is characterised by multiple skin lesions, fever, lymph node
enlargement, a drop in milk production and poor reproductive performance (Khan et al., 2021). Affected
farmers experience severe economic loss from a sharp decline in milk yield, milk quality, hide damage,
body weight reduction, abortion, infertility and in rare cases the death of animals (Babiuk et al., 2008).
Typically, morbidity in diseased herds is low to moderate, ranging from 5-20%; however in rare outbreaks
it can approach 100% (OIE, 2010; Tuppurainen and Oura, 2012; Woods, 1988). In countries where LSD
becomes endemic, control through widespread vaccination with an effective vaccine is possible (EFSA et

al., 2019).

LSD was first reported in Zambia in 1929 but spread quickly in the three years that followed to other
African nations (Khan et al., 2021; Mortis, 1930). Until 1984, LSD was contained within countries of sub-
Saharan Africa (Tuppurainen and Oura, 2012). Unconfirmed cases of the disease were report in Oman
and Kuwait between 1984 and 1988 but the first confirmed case in the Middle East was reported in Egypt
in 1988 (Ali et al., 1990; Davies, 1991; House et al., 1990). In 1989, the disease spread to Israel,
interestingly by suspected windborne transmission of Stomoxy calcitrans flies from Egypt carrying the virus
(Yeruham et al., 1995). In the coming years, the disease continued to spread across contiguous countries
in several directions throughout the Middle East, moving westerly into Iran and easterly into other central
Asian countries (EFSA AHAW Panel, 2016). In 2015, the disease emerged in eastern Europe and spread
to several countries (EFSA, 2018). It was effectively controlled in Europe through vaccination and on
that continent, it only persists in Russia (EFSA, 2018).

Global climate change and changes in the trading patterns of animals and animal products have resulted
in LSD becoming an emerging disease threat (Azeem et al., 2022). Since 2019, the spread of LSD has
gained pace in Asia with introductions and outbreaks reported in Hong Kong, mainland China, India,
Bhutan, Myanmar, Nepal, Bangladesh, Thailand, Laos, Cambodia, Vietnam and Malaysia (Acharya and
Subedi, 2020; Arjkumpa et al., 2021; Azeem et al., 2022; Flannery et al., 2021; Gupta et al., 2020). On
March 2, 2022 the disease was reported for the first time in Indonesia (OIE, 2022). It is now firmly
established in Asia and is becoming a threat to livestock health and food security there (Azeem et al.,
2022).

With the rapid spread of the disease across South-east Asia and its ability for vector borne spread, there is
now concern that the disease could enter Australia. Whilst the import of live animals and animal products
is highly regulated, there are several non-regulated pathways that could theoretically result in the
introduction of LSDV. The consequence of LSDV entering and establishing in Australia may be high,
with severe production impacts, as well as the large economic consequences resulting from disruptions to

trade and the cost of any eradication or control campaign.

The Department of Agriculture, Water and the Environment (the Department) recognises the potential
cost (both social and economic) of LSDV entering Australia and has consequently commissioned the
development of a qualitative framework to evaluate the risk of LSDV entering Australia. The risk-
assessment will be focused on non-regulated pathways into Australia, especially natural or windborne
spread from neighbouring countries. The first step of developing this framework is a literature review to
ensure the risk assessment framework is based on contemporary science and to enable the risk assessment
to be evidence-based. The results of the literature review are summarised here. Note that this is a
literature review and not a risk assessment. Therefore, risk pathways, risk assessment or complex analysis



on the potential for LSDV to enter Australia are not presented. Instead, relevant background scientific

literature is collated and summarised.



2 Methods

The aim of the literature review was specifically to inform the risk assessment.
The review aimed to answer the following research questions:

1. What is the epidemiology of LSD? In particular, what are the hosts and relevant pathogenic
strains of LSDV? How is it transmitted and in the case of vector-borne transport, is it
mechanically or biologically transmitted?

2. In which countries and regions is LSDV present (with a focus on Australia’s near neighbours)
and what are the predicted future movements of the disease (including to Australia)?

3. What is the role of climate change in the future spread of LSDV and how will extreme climate
change scenarios impact the potential entry and establishment of LSDV in Australia in 10 years’
time?

4. Have there been risk assessments on LSDV in other countries and what can they tell us about
appropriate frameworks for this risk assessment?

We used BIOSIS Previews on the Web of Science! to search the core collection for ‘lumpy skin disease’.
This database references back to 1926 and is the premier database for life science. It includes virtually all
journal and non-journal (e.g., conference proceedings) globally. We then reviewed each title for relevance
to answering the research questions. We excluded papers (based on title) focused on LSD in countries
outside the region (except when relevant to vectors, climatic factors or risk analysis), vaccination, or
specific clinical, pathological or diagnostic findings. We then exported the list of relevant titles and
reviewed each paper individually. In some cases, review of a particular paper revealed an additional
publication of relevance that did not appeatr on our original list of relevant titles. In this case, the paper
was added to a secondary list and reviewed separately (snowballing). In total, over 100 original peer-
reviewed publications relevant to the research questions were reviewed.

To pick up on preprint publications or work that hasn’t yet been peer reviewed we entered a number of
different relevant search terms into Google Scholar and examined the first 50 titles appearing for each
search term (see Appendix One). Whilst the use of ‘and’ may have been restrictive, the use of ‘or’
generated an extremely high volume of irrelevant results.

Lastly, we also reviewed the following for completeness and consistency;

Importation of frozen bovine in vitro produced embryos from Canada and the United States — final

review?

Inspector-General of Biosecurity Report 2017-2018/02: Hitchhiker pest and contaminant biosecurity risk
management in Australia

Inspector-General of Biosecurity Report 2016-2017/01: Review of Depattment of Agriculture and Water
Resources management of biosecurity risk posed by invasive vector mosquitoes.

I BIOSIS Previews - Web of Science Group (clarivate.com)

2'This was reviewed as an example of a contemporary Import Risk Analysis and included LSDV as a hazard


https://clarivate.com/webofsciencegroup/solutions/webofscience-biosis-previews/

The Australian Department of Agriculture, Environment and Water Resources Biosecurity Import Risk
Analysis Guidelines 2016

Note that our methodology did not include review of LSD control or vaccination. These ate complex and
important issues but are beyond the scope of this work.



3 Epidemiology of Lumpy skin disease

The aim of this section is to answer the research questions - What is the epidemiology of LSD? In
particular, what are the hosts and relevant strains of LSDV? How is it transmitted and in the case of
vector-borne transport, is it mechanically or biologically transmitted?

3.1 Hosts

LSDV can infect both cattle (Bos taurus) and water buffalo (Bubalus bubalis) (Tuppurainen et al., 2017). All
ages and breeds of cattle are susceptible but young cattle and those at the peak of their lactation appear to
be most vulnerable (Tuppurainen et al., 2011). Thin-skinned and high-producing dairy Bos faurus breeds
are highly susceptible to LSDV, whereas Bos indicus may have some natural resistance to the virus (Gari et
al., 2011). Banteng cattle (Bos javanicus) have been infected with LSDV in Asia, but whether they are more
or less susceptible than other breeds is not known (OIE, 2022)

There is evidence of antibodies to LSDV in several wild African ruminant species including African
buffalo, blue wildebeest, eland, giraffe, impala and great kudu but clinical disease has only been observed
in captive orynx and experimentally infected giraffe and impala (Barnard, 1997; Fagbo et al., 2014; Greta
et al., 1992; Young et al., 1970). LSDV may persist in susceptible wildlife, making it plausible to consider
wild species as a source of recurrence or reservoir after seemingly successful eradication from domestic
animals (Calistri et al., 2018; Gortazar et al., 2021). There is no evidence of clinical disease or
seropositivity in wildlife outside the African continent, but there are also no studies that indicate work in
this area.

3.2 Strains

There are several Polymerase Chain Reaction (PCR), real-time PCR and high-resolution melt qPCR based
methods for the detection of the LSDV genome (Balinsky et al., 2008; Bowden et al., 2008; Gelaye et al.,
2017, 2013; Haegeman et al., 2013; Heine et al., 1999; Ireland and Binepal, 1998; Lamien et al., 2011;
Stram et al., 2008; Stubbs et al., 2012). Molecular epidemiological studies of LSDV rely on analysing
particular regions; namely GPCR, the RPO30, the P32 and the EEV glycoprotein genes (Gelaye et al.,
2015; Goff et al., 2009; Hosamani et al., 2004; Lamien et al., 2011; Menasherow et al., 2016, 2014). This

is because the virus is large and has too many repeat regions to easily sequence or assemble.

For several years, the genome of LSDV appeared to be relatively stable, with isolates recovered over
decades in Africa showing only minor genomic differences in the regions sequenced (Badhy et al., 2021;
Goff et al., 2009; Kara et al., 2003; Lamien et al., 2011; Tulman et al., 2001). This trend continued as the
disease spread into the Middle East and Europe (Abutarbush et al., 2016; Agianniotaki et al., 2017; Stram
et al., 2008). For many years, LSDV therefore appeared to exist as two genetic lineages; field isolates and
live attenuated vaccine strains (Calistri et al., 2018).

However, all this changed following the discovery of Neethling-vaccine-like viral genomic profiles in
Russia in 2017 and 2019 (A. Kononov et al., 2019; Sprygin et al., 2020; A. Sprygin et al., 2018). The
authors attributed these variants to recombination events between the Neethling vaccine strain and field
isolates and this has prompted a rethink on the merits of categorizing LSDV into two broad lineages
(Badhy et al., 2021; Sprygin et al., 2020). The impact of the recombination events on the virulence and
transmission capacity of LSDV remains unclear and these events are the subject of ongoing work
(Sprygin et al., 2018a)



Viral sequencing is highly recommended when investigating outbreaks, as it can give information on the
possible source of disease introduction and will contribute to a better understanding of LSDV strain
variability and dynamics (Flannery et al., 2021).

3.3 Transmission

3.3.1 Routes of transmission

Since the earliest outbreaks of LSD in Africa, the movement of infected cattle along roads, railways and
on foot has been associated with long distance dispersal (Sprygin et al., 2019). Concurrently, it was
observed relatively early in southern Africa that outbreaks often occur in scattered herds in the absence of
any movement, suggesting an alternative means of short distance spread (Tuppurainen and Oura, 2012).
It is now understood that transmission between animals can occur through arthropods, contaminated
feed and water, and direct routes such as saliva, secretions and semen (Namazi and Tafti, 2021). There is
also limited evidence of intrauterine transmission (Rouby and Aboulsoud, 2016). The widespread
consensus is that the main route of transmission is through arthropods and is most likely to be
mechanical, with longer distance spread facilitated by the movement of animals (Chihota et al., 2001;
Namazi and Tafti, 2021; Tuppurainen and Oura, 2012).

The transmission of LSDV through arthropod vectors has been demonstrated in a series of experimental
studies where potential vectors were permitted to feed on diseased animals and then tested for the
presence of the virus and their capacity to transmit the virus to healthy animals (Chihota et al., 2003,
2001; Issimov et al., 2020). The varied success of transmission seen in this work is discussed in the vector
section of this report, as it differs depending on the vector species involved. It is worth noting that
because only approximately one third of experimental animals exhibit severe clinical disease after direct
inoculation with virulent LSDV, smaller studies should be interpreted with caution because their size may
limit their potential to detect transmission via the specific vector, even if it does occur in field settings
(Sprygin et al., 2019).

In a field setting, vector transmission is further supported by observations that most LSD outbreaks have
occurred in the summer when arthropods are at the peak of their activity and in some regions, outdoor
herds have been found to be at higher risk of infection than indoor herds (EFSA, 2018; Kahana-Sutin et
al., 2017; Namazi and Tafti, 2021).

No studies to date have demonstrated evidence of anything other than mechanical transmission (i.e., no
evidence of biological transmission) of LSDV by vectors, with the exception of the transstadial and
transovarial transmission described in hard ticks and one study involving Culicoides punctatus (see Specific
vectors). The amount of LSDV in vectors during experimental studies appears to decline over a period of
1-7 days following exposure, with no evidence of increases in viral load (Chihota et al., 2003, 2001;
Issimov et al., 2020; Paslaru et al., 2021). Further to this, in proof of concept work, LSDV was injected
into the thorax of three different fly species in an attempt to bypass the midgut (where virus is often
killed before it can replicate) (Issimov et al., 2021). Viral DNA was detected up to seven days after
inoculation but the virus failed to replicate (Issimov et al., 2021). These studies suggest that biological
transmission or replication of the virus within the vector does not occur, at least not in the vector species’
studied.

Lastly, one study demonstrated that experimental infection into the conjunctival sac or intradermally
results in lower infection than intravenous inoculation; the typical route seen when insects feed from the
lumen of blood vessels, further suggesting that vector-borne transmission is the most efficient means of
LSDYV spread (Carn and Kitching, 1995).



Direct transmission through contact between infected animals is thought to be of little importance. This
theory was first proposed following a small study where healthy animals were kept in close contact with
diseased animals for one month; they developed no clinical signs of disease and were later challenged and
found to be susceptible, indicating that direct transmission had not occurred (Carn and Kitching, 1995).
Again, it is worth noting that small studies may fail to detect transmission even if it does occur in a natural
field setting because only one third of animals contract the disease even following direct inoculation
(Sprygin et al., 2019). Later, modelling that used data from a large outbreak in Israel to compare three
different contact models found that indirect transmission was the only parameter that could solely explain
all the outbreak dynamics and that cattle density was not a risk factor for disease (Magori-Cohen et al.,
2012). However, in other modelling using European data, animal density was found to be a risk factor
(EFSA, 2018). Some strains may be more capable of direct transmission than others (Aleksandr et al.,
2020).

Skin lesions and scabs of infected animals are considered to be the main source of infection (for vectors),
as the virus persists in these for long periods (Namazi and Tafti, 2021). It can remain viable for long
periods in the environment within dried up scabs (up to 33 days in necrotic skin nodules, 35 days in
desiccated crusts and at least 18 days in air-dried hides) (Namazi and Tafti, 2021). The vitus is also
excreted in blood, nasal secretions, saliva, semen and milk (Namazi and Tafti, 2021). The virus can reside
in lymph nodes and testes but tends not to be present in deep skeletal meat or traditional offal products,

making the risk of transmission through meat very low (Kononov et al., 2019).

3.3.2 Estimating the basic reproduction number

Some studies have estimated the basic reproduction number (Rg) of LSDV, both independently of the
vector and in relation to specific vectors. Magori-Cohen et al (2012) used a dataset from a large outbreak
in a dairy farm in Israel in 2006 to estimate the Ro induced by direct transmission versus indirect
transmission, without regard for the specific vector. They found Roinduced by indirect transmission in
the presence of an infectious cow for one day in the herd was 15.7, compared to 0.36 for direct
transmission (Magori-Cohen et al., 2012). This was useful in providing further evidence that indirect
transmission is likely to be far more important than direct transmission. EFSA (2019) used a dataset
collected during outbreaks in Albania in 2016 to estimate Ro within a village. They found it vatied
considerably between villages from 0.03 to 3.58 with a median of 0.87 (EFSA et al., 2019). The Ro (or in
this case Re) declined during the outbreak, potentially due to the effect of seasonality (and therefore
vector presence) on transmission rate and this in part may explain the variation between villages (EFSA et
al., 2019). Molla et al (2017) used a susceptible-infectious-recovered (SIR) epidemic model to estimate the
Ro using data from outbreaks in Ethiopia. They estimated an R of 1.07 for crop-livestock production
systems and 1.09 for intensive production systems (Molla et al., 2017).

Gubbins et al (2019) went onto to estimate the Ry for transmission of LSDV by five species of biting
insects. They derived an expression for R using a transmission model that considered the undetlying
process involved in vector to cattle transmission (Gubbins, 2019). The parameters in the expression were
then estimated using data from published transmission studies (see details of transmission studies under
individual vector species). The data from these studies were reanalysed using Bayesian methods to
quantify uncertainty (Gubbins, 2019). Latent and infectious periods for LSDV were estimated, again using
the outcome of challenge experiments and Bayesian methods (Gubbins, 2019). Uncertainty and sensitivity
analysis were used to calculate Ry and determine the parameters that had the greatest influence (Gubbins,

2019). Their results are discussed below as they relate to individual vector species.

Sanz-Bernardo et al (2021) used the data obtained in their transmission study, combined with data from
earlier transmission studies and previously determined vector life history parameters (those used in
Gubbins et al 2019), to recalculate Ry values for four vector species (Sanz-Bernardo et al., 2021). The



derived expression they used for Ro was different to that used by Gubbins et al (2019), although a lot of
the parameters and data used were similar. Their results are discussed below in relation to individual

vector species.

Regardless of the study, the Ry reported by different authors varies and confidence intervals are wide.
This potentially reflects the complex nature of transmission and the difficulty of performing such
calculations in multifaceted management situations (EFSA et al., 2019; Magori-Cohen et al., 2012; Molla
et al., 2017).

3.3.3 Specific vectors

The importance of different arthropod vectors in the transmission of LSDV is likely to vary in different
regions, depending on climate, season, humidity and vegetation (Berg et al., 2015; Tuppurainen et al.,
2017). Interrupted feeders that regularly parasitise cattle and are found in high abundance are the best
candidates for transmitting LSDV, but any blood-feeding arthropod species could play a role (Berg et al.,
2015). The probability of vectors acquiring LSDV from subclinical animals appears to be very low when
compared with that from clinical animals (Sanz-Bernardo et al., 2021). Whilst most studies suggest the
virus is likely to survive in vectors for 2—6 days (on mouthparts or within the animal themselves), the
possibility of longer-term survival cannot be ruled out (Chihota et al., 2003, 2001; FAO, 2016; Horigan et
al., 2018).

Evidence on potential vectors of LSDV is summarised below.
Flies

Flies are insects of the order Diptera, characterised by the use of only one pair of wings for flight and one
for balance. The term fly is commonly used for any small flying insect but in entomology the name refers
specifically to around 125,000 species of dipterans or ‘true’ flies, which are distributed throughout the
world. Technically, mosquitoes, midges and Tabanidae are all part of the order Diprera and are therefore
considered flies. However, in this section, we look at insects that are more commonly referred to as flies;
those species from the Muscidae family.

Stomoxys calcitrans or the stable fly is one of the most commonly suspected vector species for LSDV
(Sprygin et al., 2019). Of all the species investigated as potential vectors, S. calitrans has been the subject
of the most studies. The combination of results from experimental transmission studies, field
epidemiological studies and work relating to the estimation of Ro suggest that S. calictrans is capable of
mechanical transmission of LSDV in field settings and is likely to be an effective vector (Chihota et al.,
2003; Gubbins, 2019; Issimov et al., 2020; Kahana-Sutin et al., 2017; Paslaru et al., 2021; Sanz-Bernardo
et al., 2021; Sohier et al., 2019; Yeruham et al., 1995). What is unclear is whether S. calcitrans is usually the
only vector in a field setting, and if not, how much . calztrans contributes to transmission versus other

vector species.

Weiss et al (dater) reported isolating the virus from . caleitrans and Biomyia fasciata in the 1960s.
Furthermore, stable flies are aggressive and persistent feeders with painful bites leading to interrupted
feeding on multiple hosts in quick succession (Sprygin et al., 2019; Weiss, 1968) 3.

3 The text where Weiss reported his findings could not be retrieved as it has not been published electronically.



Chihota et al (2003) attempted to use S. calitrans to experimentally transmit the virus from infected to
healthy cattle, however none of the susceptible animals seroconverted or showed any reaction to
exposure and the virus only persisted for 24 hours post-feeding in the flies (Chihota et al., 2003).
Nonetheless, in this work, no attempt was made to infect cattle immediately after S. calkitrans ted, which is

probably what would occur in a field setting.

In later work, Issimov et al (2020) attempted a similar experiment with three different species of Stomoxys,
including . caleitrains (Issimov et al., 2020). In their work, flies were not allowed to feed to engorgement
on the infected animals and instead were moved immediately onto recipient animals to complete their
feed (Issimov et al., 2020). Large numbers of flies were used and five out of the six recipient animals
consequently tested positive for LSDV on PCR (Issimov et al., 2020). Also in this study, flies were tested
by PCR for the virus at 0 hours, 6 hours and then daily after engorgement (Issimov et al., 2020). Viral
DNA was not detected in any of the flies beyond 48 hours after their feed and the majority of flies were
positive for less than 24 hours, adding to the body of evidence suggesting that transmission is mechanical
and explaining why transmission attempts in earlier studies failed (Chihota et al., 2003; Issimov et al.,
2020).

Sohier et al (2019) also demonstrated LSDV transmission (most likely to be mechanical) by . calictrans
through three independent experiments (Sohier et al., 2019). Interestingly only 5/14 of the recipient
animals presented with clinical signs; starkly different from that reported by Issimov et al (2020). One
potential explanation is that the number of flies that continued feeding on recipient animals could not be
estimated, so some animals may have been bitten by infected flies twice in Issimov’s work (Paslaru et al.,
2021). Another potential explanation is that higher infection doses could be inoculated by some flies
through regurgitation during blood feeding (Paslaru et al., 2021).

Paslaru et al (2021) investigated the presence of viral DNA on regurgitated blood by allowing flies that
were exposed to LSDV to feed on small cotton pads soaked with blood (stimulating a blood meal from
an animal) (Paslaru et al., 2021). LSDV DNA could be retrieved from the cotton pads up until three days
after the flies had fed but no attempt was made to check if this was infectious. It remains to be confirmed
if virus on mouth parts alone is enough to trigger an infection as recovered viral loads appear low (Paslaru
et al., 2021). LSDV DNA was also detected in the bodies and heads of flies up to three days after their
feed (Paslaru et al., 2021). Interestingly, faecal samples from S. caleitrans were also tested for LSDV in
Paslaru et al’s (2021) work. LSDV DNA was detected in faeces for up to two days post feed (Paslaru et
al., 2021).

Similar work by Sanz-Bernardo et al (2021) (and likely occurring concurrently to Paslaru et al 2021)
demonstrated retention of LSDV DNA (detected by PCR) in S. caleitrans for up to 8 days post feed (Sanz-
Bernardo et al., 2021). In this study, a greater number of flies were used and the proportion that retained
the virus over time declined, indicating that small fly numbers might explain the lack of retention in
eatlier work (Sanz-Bernardo et al., 2021). The authors estimated the mean virus retention of LSDV in .
calcitrans to be 5.5 days with a 95% credible interval of 3.2—12.3 days. Flies were not tested for the virus
beyond 8 days.

In field settings, S. calitrans was suspected to be responsible for the first known LSD outbreak outside of
Atfrica, which occurred in Israel in 1989 (Yeruham et al., 1995). This was speculative and based on the
fact that no new animals had been introduced, LSDV has been previously isolated from S. caliitrans, there
were adequate winds to carry infected S. calitrans from neighbouring Egypt and these flies predominated
over other blood-feeding insects in the region (Yeruham et al., 1995).

Later work in Israel modelled the association between vector abundance and LSD outbreaks in dairy
farms (Kahana-Sutin et al., 2017). This work found a significant association between . calitrans
abundance and LSD outbreaks (Kahana-Sutin et al., 2017). The authors of this study suggested that the



competence of S. caliitrans as a vector should be re-examined using shorter periods between feeding on an
infected host and feeding on a healthy animal to more accurately represent field conditions (Kahana-Sutin
et al., 2017). This work was completed before the transmission studies conducted by Sohier et al (2019)
and Issimov et al (2020). The horn fly, Haematobia irritans, was also highly abundant on beef cattle during
the 2012-2013 outbreaks in northern Israel but its role in LSDV transmission has not been investigated
(Berg et al., 2015).

Sanz-Bernardo et al (2021) estimated the Ro of S. caleztrans to be 19.1 (see 3.3.2). This was relatively
consistent with Gubbins (2019) who found . calitrans to be among the most efficient of vectors, with an
approximate Ro of 15.5 (95% prediction interval of 1.4—-81.9). The wide prediction intervals of this study
should be noted.

The common housefly, Musca domestica, may also be capable of transmitting LSDV, as large number of
these flies were trapped near an outbreak of LSD in Russia and subsequently tested positive to the virus
(Sprygin et al., 2018b). M. domestica and M. stabulans also tested positive for LSDV when collected from
traps placed near farms where LSD first appeared in China (Wang et al., 2021)

Mosquitoes

As discussed above, mosquitoes ate part of the order Diptera (true flies) and fall into the family Cu/icidae.
There are approximately 3,500 species of mosquitoes and several that transmit pathogens such as Zika
virus, Plasmodium (which cause malaria) and dengue virus. Mosquitoes live in most parts of the world and
are particularly attracted to areas with still water because their larvae and pupae need water with little or
no flow to survive (Centre for Disease Control and Prevention, 2022).

Mosquitoes have long been suspected of playing a role in transmission of LSDV (Sprygin et al., 2019).
Experimental transmission studies have indicated that some species of mosquitoes may be theoretically
capable of carrying LSDV, but only Aedes aegypti has been shown to transmit the virus to recipient animals
(Chihota et al., 2003, 2001; Sanz-Bernardo et al., 2021). 4. aegypri may be theoretically capable of
transmitting the disease in an experimental setting, but traditionally favours human hosts so the

importance of its role in field settings in unclear.

In early work by Chichota et al (2003 Culex spp. were shown to feed multiple times on different hosts
and LSDV DNA was detected in Culex quinguefasciatus several days after feeding on infected cattle
(Chihota et al., 2003; Sprygin et al., 2019). Despite this, in the same study very few of the mosquitoes
actually took a bloodmeal from the infected animals, and none of the susceptible animals (that were later
exposed to the mosquitoes) became diseased (Chihota et al., 2003). In later work, C. guinquefasciatus was
again exposed to experimentally infected animals and tested positive for viral DNA up to two days after
exposure (Sanz-Bernardo et al., 2021). This study did not include experimental transmission to healthy
animals. Gubbins (2019) estimated the Ro of C. quinguefasciatus in theoretical transmission of LSDV would
sit at around 0.8 (95% predictive interval of 0.9-3.5) and Sanz-Bernardo et al (2021) estimated it to be
around 0.55 (95% credible interval of 0.06—2.37). This suggests that even if transmission with C.

quinquefasciatus was possible, it may be an ineffective means of transmission.

The eatly transmission experiments also used Anagpheles stephensi (Chihota et al., 2003). Infectious virus
could be detected for up to four days post feeding by viral isolation (and eight days via PCR) (Chihota et
al., 2003). A. stephensi mosquitoes more readily took a bloodmeal, however no virus was isolated from
these recipient animals and they also tested negative on PCR (Chihota et al., 2003). Further, Gubbins
(2019) estimated that the Ro for transmission via A. stephensi would sit around 1.6 (95% predictive interval
of 0.2-6.0), potentially also making it an inefficient vector (keeping in mind the wide predictive intervals).

Lastly, in Chichota et al’s (2001) work, 4. aegyp#i was shown to be fully capable of mechanical
transmission of LSDV from infected to susceptible cattle for at least six days after feeding on infected
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cattle. There was no significant loss in viral DNA load at six days and susceptible animals became
diseased (Chihota et al., 2001). An additional later study further confirmed .A4. aegyp#i could acquire LSDV
from feeding on diseased animals, and in this work viral DNA was retained for up to eight days in some
insects (Sanz-Bernardo et al., 2021). Gubbins et al (2019) estimated the Ro for LSDV when transmitted by
A. aegypti to be 7.4 (95% prediction interval of 1.3—17.6). Sanz-Bernado et al (date) estimated it to be 2.41
(95% credible interval of 0.50-5.22). As discussed earlier, wide intervals and variation between studies
demonstrates the uncertainty associated with these estimates. Some have suggested that the role of A.
aegypti in LSDV transmission in field conditions may be limited by its preference for human hosts (Berg et
al., 2015; Schaffner et al., 2013). Nonetheless, we know that the range of A. aegyp?i is expanding
geographically, so it is an important vector to monitor (Kraemer et al., 2019).

Midges

Midges are also part of the order Diprera and are therefore classified as flies. There are several families
commonly referred to as midges but the most relevance to LSDV transmission is the family
Ceratgpogonidae. This family contains more than 5,000 species, including several Cu/icoides spp. Species from
the family Ceratopoginidae are distributed worldwide on every continent except Antarctica (Boorman,

1993).

Experimental transmission studies, estimates of Ro and a small field trapping study suggest that species of
the family Ceratopoginidae could well be involved in the transmission of LSDV. Which species and how

much they contribute to transmission is unclear.

Chichota et al (2003) conducted experiments with donor and recipient animals using Culicoides nubeculosus.
In this work, virus was detected by virus isolation and PCR only immediately post feeding (Chihota et al.,
2003). None of the susceptible animals seroconverted after being fed upon by the infected midges
(Chihota et al., 2003). In a later study, LSDV was demonstrated in C. nubercnlosis up to four days post
feeding, but this work did not look at capacity for the vector to go on to infect recipient cattle (Sanz-
Bernardo et al., 2021). Gubbins et al (2019) estimated the Ry for LSDV when transmitted by C.
nuberculosis to be 1.8 (95% prediction interval of 0.06—13.5). Sanz-Bernado et al estimated it to be 7.09
(95% credible interval of 0.24-37.10). As discussed earlier, wide intervals and variation between studies
demonstrates the uncertainty associated with these estimates.

In outbreaks in Turkey, LSDV was detected in C. punctatus trapped around infected farms (Sevik and
Dogan, 2017). Further, ruminant beta-actin mRNA was not detected in these same midges, indicating
that a recent bloodmeal hadn’t taken place and replication may be occurring within C.punctatus (Sevik and
Dogan, 2017). This is the only evidence suggestive of anything beyond mechanical transmission.

Tabanidae (horse flies)

The family Tabanidae are also in the order Diptera. They are a cosmopolitan family with over 4000 species
(Lessard, 2013). In Australia, these flies are referred to as “March flies’ but they are more commonly
known as ‘horse flies’ in other regions.

The role of the tabanids in the transmission of LSDV had been speculated mostly because they are able
to mechanically transmit a wide range of other disease agents such as Trypanosoma evansi, Besnoitia besnoits,
Loa loa and equine infectious anaemia virus and are found around cattle (Baldacchino et al., 2014).
Evidence of their role to date is limited and largely restricted to work by Sohier et al (2019) who
demonstrated transmission of LSDV by Haematopota spp. from donor animals to a single recipient animal.

Hard ticks
Ticks are parasitic arachnids that fall into two major families: the Ixodidae or hard ticks and the Argasidae

or soft ticks. There are over 800 tick species world-wide (Dehhaghi et al., 2019). Ticks require vertebrate
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hosts to feed but spend most of their lives off their hosts digesting their meals and developing through
juvenile stages into adults (Anderson and Magnarelli, 2008). Only hard ticks have been associated with
LSDV transmission.

Several studies have suggested that hard ticks such as Rhipicephalus appendicnlatus are capable of LSDV
transmission (Lubinga et al., 2014b, 2014a, 2015; Tuppurainen et al., 2011, 2013a). However, the
prolonged attachment of ticks to the host makes it unlikely that they could be solely responsible for
rapidly spreading epidemics (Namazi and Tafti, 2021). It is more likely that, if ticks are involved in the
epidemiology of the disease, then they are acting as reservoirs for the virus (Kahana-Sutin et al., 2017).

The passage of LSDV from engorged Ambylomma hebraenm nymphs to adults and from engorged female
Rhipicephalus decoloratus to larvae after exposure to cold temperatures has been demonstrated, indicating
possible over-wintering of the virus in these tick species (Lubinga et al., 2015). Transovarial passage of
LSDYV has been shown in A. hebraeum, R. decoloratus and R. appendicnlatus, and in some studies recipient
animals became infected after being exposed to the resultant adult ticks (Lubinga et al., 2014b;
Tuppurainen et al., 2013b). In addition, the virus appears to be capable of crossing the midgut wall in
ticks, indicating a potential for biological transmission (Lubinga et al., 2014a). Vertical transmission of
LSDV in ticks may contribute to environmental maintenance, explaining the capacity of the virus to
continue to survive over winter, in the absence of abundant arthropods (Berg et al., 2015).

Lastly, it has recently been proposed that migratory wild birds infested with LSDV-infected ticks may be
responsible for the spread of LSDV from Russia or Kazakhstan to Bangladesh (Azeem et al., 2022).
Whilst some migratory birds spend their summer in Russia or Siberia, they fly southwards in the winter
and Bangladesh provides a potential habitat (Azeem et al., 2022). Phylogenetic analysis found a close
association between the recent Indian/ Bangladeshi LSDV isolates with the 2019 isolates from Russia and
Kazakhstan (Azeem et al., 2022).

3.3.4 Wind-assisted transmission

LSD outbreaks that occurred in Israel in 1989 and 2006 appear to contradict the theory that arthropod
spread is predominately short distance (Klausner et al., 2017; Magori-Cohen et al., 2012; Yeruham et al.,
1995). In both these outbreaks, Egypt was suffering from exceptionally severe outbreaks at a similar time
and there were no other outbreaks occurring in the region (Klausner et al., 2017). Most cattle herds in
Israel are closed and the borders are tightly controlled, due to conflict in the region, so introduction of
the disease through movement of infected cattle is highly unlikely (Klausner et al., 2017). Klausner et al
(2017) suggested phylogenetic analysis demonstrated that the Israeli isolate from the 2006 outbreak was
identical to an isolate analysed from the 1989 outbreak in Egypt. Although it seems unlikely that a large
virus would remain genetically stable over such a longer period of time. As the sequences are not publicly
available, it is not possible to verify this or to identify either the region of the genome that was sequenced
or the length of the sequence fragment, both of which would affect the inferences that could be made
from these data. Nonetheless, this work led to the theory that these outbreaks occurred as a result of
long-distance windborne spread of vectors (Klausner et al., 2017).

Klausner et al (2017) identified relevant synoptic systems that could have allowed long-distance dispersal
of infected vectors by wind from Egypt to Isracl in the months preceding the 1989 and 2006 outbreaks
(Klausner et al., 2017). They then used backward Lagrangian trajectories (using the HYSPLIT model)
from the receptor sites in Israel for each relevant synoptic system (Klausner et al., 2017). Their analysis
identified several atmospheric routes that could have connected potential points of disease origin in
Egypt to the areas where outbreaks occurred in Israel (Klausner et al., 2017). Results from the 2006
outbreak don’t indicate a particular location as the likely source, but results from 1989 indicate that
windborne transport was most likely to have occurred from Damietta or Port Said in Egypt to Pedium in
Israel (Klausner et al., 2017). These locations are 266 and 221 km, respectively, from the point of

12



outbreak in Israel (IKKausner et al., 2017). The analysis indicated a travel time of around one day, which is
consistent with previous work suggesting that mechanical transmission can occur for more than a day
after feeding (Klausner et al., 2017). In the context of this study, it is worth noting that whilst Indonesia
and Timor Leste are over 1000 km from the Australian mainland, Papua New Guinea (PNG) is only 4 km
from Sabai Island (an Australian island in the Torres Straight) and less than 200 km from the Australian
mainland.

The potential for vector transport by wind associated with synoptic systems is influenced by the capacity
of a vector to survive such a journey (Klausner et al., 2017). et al (2017) describe the humidity and
temperature required for optimal survival of Stomoxys calcitrans. They conclude that atmospheric travel
under the dry conditions seen in their proposed synoptic systems is possible, although not ideal for fly
survival (Klausner et al., 2017).

There are several examples of possible transmission of other viruses through wind-assisted travel of
vectors. Ritchie and Rochester et al (2001) proposed that Japanese encephalitis virus was introduced to
Australia by wind-blown Crlex spp. (Ritchie and Rochester, 2001). Others have suggested that bovine
ephemeral fever spread from Korea to Japan via wind and that wind assisted in the spread of bluetongue
virus (BTV) in Europe (Hendrickx et al., 2008; Shirakawa et al., 1994). Eagles et al (2014) looked for the
potential source of exotic Culicoides species and isolates of novel BTV found in Australia. These
specimens, collected as part of an active arbovirus surveillance program were used to assess the
plausibility of dispersal from neighbouring countries (Eagles et al., 2014). A likely dispersal event was
identified for five of the six cases examined with the source location varying from Lombok, to Timor-
Leste and southern Papua PNG (Eagles et al., 2014).

Researchers in Spain recently developed a methodology for estimating the risk of wind-borne
introduction of flying insects into a country (Fernandez-Carrién et al., 2018). Their model predicts the
number density of insects introduced over space and time based on the advection of wind currents, the
deposition on the ground and the survival of the insect in the climatic conditions of the day (Fernandez-
Carrién et al., 2018). They compared their model outputs to actual field data on BTV outbreaks in Spain
during the study period and found the risk period and region identified by the model matched the field
data, validating the model (Fernandez-Carrién et al., 2018).
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4 Geographical distribution of Lumpy Skin
Disease

The aim of this section is to answer the research question - In which countries and regions is LSD
present (with a focus on the Australia’s near neighbours) and what are the predicted future movements of
the disease (including risk to Australia)?

4.1 Geographical distribution to date

As described earlier, LSD was first reported in Zambia in 1929 but spread quickly within Africa (IKKhan et
al., 2021; Morris, 1930). LSD was largely contained in the African continent until 1984 when it moved
into the Middle East (Davies, 1991; House et al., 1990; Tuppurainen and Oura, 2012). In 1989, the virus
spread to Israel and in the following years, the virus continued to spread across contiguous countries in

several directions throughout the Middle East, moving westerly into Iran and into other central Asian
countries (EFSA AHAW Panel, 2016; Yeruham et al., 1995).

In 2015, the disease first emerged in Europe and spread to several countries but was effectively controlled
through mass vaccination (EFSA, 2018). Since 2017, Russia is the only country on the European
continent to report outbreaks of LSD (OIE, 2022).

Since 2019, the spread of LSDYV has increased in Asia. China reported its first outbreak of LSD in August
2019, with the virus later spreading to Taiwan (Gupta et al., 2020; Lu et al., 2021). Outbreaks occurred in
feral cattle in Hong Kong in October 2020 (Flannery et al., 2021).

In South Asia, India first reported the disease in August 2019 (Gupta et al., 2020; Kumar et al., 2021).
Similarly, Bangladesh reported the disease in July and September of 2019 (Gupta et al., 2020). Nepal
experienced their first outbreak of LSD in June 2020 (Acharya and Subedi, 2020). Sti Lanka and Bhutan
first reported outbreaks in September 2020 (Azeem et al., 2022).
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Figure 1 Global spread of LSD* (Kumar et al., 2021).

4.1.1 Spread to South-East Asia

In South East Asia, the disease was reported for the first time in Laos, Thailand, Cambodia, Vietnam and
Malaysia in 2021 (OIE, 2022). Indonesia reported the disease for the first time on March 2, 2022 (OIE,
2022). Presumably, it spread across the narrow Malacca straight from Malaysia with the assistance of
windborne vector dispersal. Singapore also reported the disease for the first time in 2022 (OIE, 2022). In
most cases, anecdotal reports proceeded official reports; a typical occurrence in the region (Smith et al.,
2015).

Even with known models for the movement of livestock through Asia there remain challenges in
accurately modelling the direction of movement of any disease through the region. Each country
maintains a record of official trade, however, it is widely accepted that these numbers are a poor indicator
of true volume and movement as it is not in the interests of traders to go through official channels
(Roche et al., 2021). For this reason, we consulted Singapore veterinarian and regional livestock
movement expert, Dr Michael Patching. We summarise several of his observations here (for full report,

see Appendix Two).

It is likely that the virus moved south from China into Vietnam from an outbreak in Hastern China in July
2020 (Patching, 2022). This goes against the normal flow of livestock movements from Vietnam and
South East Asia north into China (Smith et al., 2015). The LSDYV isolates from early outbreaks in
Vietnam showed a close molecular relationship with those in China (Azeem et al., 2022). By the end of

4'This map was developed in 2021. Since the map was developed, LSD has also spread into Laos, Vietnam and

Indonesia.
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the year there was clinical disease in Myanmar (OIE, 2022). It is unclear if this originated from northern
or eastern China, or from some other origin to the west (Patching, 2022).

Clinical disease continued down the coast of Vietnam throughout 2020 and by the middle of 2021 it was
being reported in Ha Tinh Province (OIE, 2022). Anecdotally, there was a widespread outbreak of the
disease in feedlots in northern and central Vietnam during the first half of 2021 (Patching, 2022). One
feedlot owner with large numbers of Australian cattle reported to be suffering significant production
losses in some lines of cattle, and there was communication between Vietnamese cattle farmers about
purchase and use of the LSD vaccine (Patching, 2022). The feedlots were also known to be trying to sell
infected cattle into abattoirs without reporting, but in some cases clinical sighs meant that the hides had
lost value (Patching, 2022).

The first clinical signs of the disease were observed in eastern Thailand in April 2021, and it is likely that
the virus movement was related to the trucking of cattle back across the border from Vietnam (Arjkumpa
et al., 2021). It has been claimed by some traders that infected cattle from Vietnam were being moved
into Vietnamese provinces and into Laos and Cambodia because they could not be sold in Vietnamese
abattoirs (Patching, 2022).

It is also possible that the virus in cattle in Thailand originated from the movement of cattle from China
or Myanmar (Patching, 2022). Thailand commonly feeds cattle from Myanmar and this movement often
facilitates the spread of foot and mouth disease into Thailand and the region (Smith et al., 2015). The
main cattle production region in Thailand is in the north-east, where the outbreak was first observed
(Bunmee et al., 2018). This area is an important transition hub for cattle movement throughout the
region.

The movement of the virus then likely followed traditional trading routes; south into Malaysia and
circulating east back through Cambodia and Laos into Vietnam (Smith et al., 2015). It is also possible that
there were cattle traded from Vietnam into Laos and Cambodia against historical trading routes due to
the price signalling brought about by inability to sell these infected cattle to Vietnamese abattoirs
(Patching, 2022).

Interestingly, there have been no significant official or unofficial reports of LSD in southern Vietnam, at
least in Australian cattle feedlots (OIE, 2022). The feedlots in southern Vietnam have greater biosecurity
and less movement of local cattle into them (Patching, 2022). They also had mote time to vaccinate their

cattle against the disease or slaughter early.

16



Q Aug 2019

Xinjiang
0 @ July 2020
Nov 2020
Q/ i
OJuIy 202 HONG KONG
MYANMAR
(BURMA]
LAQS
June 202 (DMarch 2021
o
0 April 2021 R
LAND o
VIETNAM B
AM%SPA“ ) jaa S
May 2021 = PHILIPPINES
O
Q
\\\
(Q\;
() June 2021
MALAYSIA BRUNE!

March 202@

Figure 2 Spread of LSD in South-East Asia (figure developed by Dr Michael Patching)

4.2 Projected spread in the region

Figure 1 and Figure 2 demonstrate the spread of LSDV in South-East Asia that has been seen so far.
Critical to Australia is the projected spread of LSDV beyond Sumatra and into nearer neighbours, such as
closer regions of Indonesia, Timor Leste and PNG. Indonesia, Timor Leste and PNG will become the
early warning system for vector movement into northern Australia. There are no official movements of
cattle into the Indonesia archipelago from mainland South-East Asia, although there are movements from
Indonesia and East Malaysia into Malaysia (Patching, 2022). Unofficial movement of livestock from the
mainland to the islands is unlikely because.. ., although not impossible.

With the price of Australian cattle likely to remain high until 2023, Indonesia continues to look to South
America and Mexico to decrease reliance on Australia as a sole trading partner. Importers are actively
exploring the possibility of importing cattle from Brazil, however, previous attempts to import cattle from
Mexico have failed (Answorth, 2021). The risk of transmission of diseases including, but not limited to,

LSD from imported cattle needs to be considered, although the disease is not currently in South America
(Patching, 2022).

Cattle are also transported between Indonesian islands (Patching, 2022). The Indonesian Government has
supported the construction of a livestock carrier to operate between the island of Nusa Tengarra (NTT)
into Jakarta (www.pelni.co.id). The KM Camara Nusantara is managed by PELNI and delivered a total of
7,899 head in 2019 (Patching, 2022). It takes a route of Kupang - Waingapu - Tg. Priok - Cirebon —
Kupang (Patching, 2022). There ate also known informal movements of cattle between Indonesia and
Timor Leste, including an estimated 5,000 head annually in 2015 from Timor Leste into Indonesia
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(Patching, 2022; Waldron et al., 2018). Movement from Timor Leste to Indonesia is of little consequence
to the spread of LSD, as Indonesia is more likely to become infected before Timor Leste.

Timor Leste and PNG both have ambitions to increase national cattle herd numbers, but low consumer
demand (due to lack of wealth) will mean that importing livestock will not be a reality unless it is
government-supported. Even if unofficial trade occurred, the low volume of this trade channel would
limit the probability of transmission between the nations (Patching, 2022). This is compared to the high
volume of land-based trade that exists in mainland Asia (Smith et al., 2015).

In summary, the rapid spread of LSDV through South-East Asia is not surprising, given what is
understood about the high volume of unofficial trade that occurs across national borders on a daily basis
in the region. The spread of LSDV to Indonesia is of great concern to Australia, however, movement
south-casterly (and towards Australia) is likely to occur more slowly (if at all) due to the geographical

restrictions on livestock movement posed by the island composition of Indonesia.
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5 Information relevant to assessing potential for
spread to Australia

The potential for LSDV to enter and establish in Australia is dependent on the probability of entry,
combined with environmental conditions and agricultural and landscape factors conducive to
establishment at the point of entry (including livestock density). There is no published risk assessment for
the entry of LSDV in Australia (hence the reason for this review). Methodical risk assessment of entry of
LSDYV into Australia requires comprehensive mapping of risk pathways. This will be completed as part of
the risk assessment. Literature that may inform the probability of establishment is reviewed here.

5.1 Ecological conditions for spread

Some authors have modelled the ecological conditions that favour the spread of LSDV in other regions
using data available from previous outbreaks (Alkhamis and VanderWaal, 2016; Allepuz et al., 2019;
Machado et al., 2019). Because of the critical role of blood-feeding arthropods in LSDV transmission, it is
no surprise that the distribution and spread of LSDYV are heavily influenced by environmental conditions
and landscape (Abera et al., 2015; Alkhamis and VanderWaal, 2016; Lubinga et al., 2015; Tuppurainen et
al., 2013b).

Allepuz et al (2019) used logistic regression modelling and data from the Balkans, Caucasus and the
Middle East to identify factors associated with occurrence of LSD (Allepuz et al., 2019). They found
increased odds of LSD were associated with cropland, grassland or shrubland (as opposed to forest), high
cattle densities, higher annual mean temperature and higher diurnal temperature (Allepuz et al., 2019).
Optimal quantitative values were not calculated, but we know Australia has croplands, grasslands and
shrublands, as well as areas of high cattle density, high temperature and moderate-high diurnal

temperatures .

Alkhahmis and VanderWaal (2016) used data on outbreaks in the Middle East and the maximum entropy
ecological niche modelling technique (Maxent) to build ecological niche models (ENM) for LSD. Maxent
builds models by extracting associations between the presence of LSD outbreaks with environmental
variables to characterise the environmental requirements for a disease agent (Alkhamis and VanderWaal,
2016). Their final Maxent model indicated that only six of the selected environmental variables were
needed to predict disease in the Middle East; annual precipitation, mean diurnal temperature range,
livestock production type, mean diurnal range, land cover and goat, sheep and buffalo densities (Alkhamis
and VanderWaal, 2016). They found that geographical regions with an annual precipitation between 50
and 100 mm and a diurnal temperature range of approximately 12 °C were the most suitable for LSD
(Alkhamis and VanderWaal, 2016). Geographical regions with croplands, urban and mixed rain-fed arid
livestock production areas were also found to be most suitable (Alkhamis and VanderWaal, 2016), as were
regions with low goat density (Alkhamis and VanderWaal, 2016). However, there were discrepancies in
the relative contribution of each variable across different models (Alkhamis and VanderWaal, 2016).
Mean annual precipitation of 50 to 100 mm is only seen in central desert parts of Australia, whereas
diurnal ranges of around 12 °C are seen in most patts of the country (Australian Bureau of Meterology,
2022). However, it is important to note that the range of mean annual precipitation used in this modelling
was low because all data were from the Middle East, a region dominated by desert. Therefore, the
favoured annual precipitation for LSDV spread determined by this study could never have been a globally
high value.
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Machado et al (2019) used two modelling approaches to explore the distribution of LSDV in Eurasia with
the aim of identifying environmental risk factors and determining the underlying risk of the disease
spreading further in this region. Firstly, using ENM they identified risk factors and additional geographic
areas in which, if introduced, LSDV would be likely to spread (Machado et al., 2019). Secondly, they used
Bayesian hierarchical modelling to further refine risk factors and produce new estimates of risk (Machado
et al,, 2019). In the ENM, they found the most important variables with the highest contribution to the
final model were annual mean solar radiation, annual mean wind speed and annual mean water vapor
pressure (Machado et al., 2019). Their ENM suggested potentially suitable areas had monthly median
wind speeds of 2.4 m s' IQR 2.0-2.8 m s1), precipitation of ~46.1 mm (IQR 31.5-65.6 mm), with
median maximum temperatures of 15.9 °C (IQR 8.8-22.8 °C), solar radiation of 14633 k] m2 day?! (IQR
8524-20979 k] m2 day!) and water vapor pressure of 0.8 kPa IQR 0.6-1.2 kPa). The suitable areas were
between 300 and 1300 meters above sea level (median 782 meters: IQR 299-1300), with sizeable
populations of potential hosts such as cattle and sheep (cattle densities median number of 8.3 head per
km? (IQR 4.8-14.78 head per km?) and sheep 17.1 head per km? (IQR 6.2-38.4 head per km?). When this
was combined with the Bayesian modelling, maximum temperature, precipitation and wind were the
strongest risk factors (Machado et al., 2019). In Australia, monthly mean wind speeds of 2.4 m s! (or 8.4
km per hour) are feasible in many areas, as are monthly mean precipitations of 46 mm (Australian Bureau
of Meterology, 2022). Median maximum temperatures of 15.9 °C are regulatly observed (Australian
Bureau of Meterology, 2022). As with the previous study, it is important to note that ranges are reflective
of data inputs.

5.2 Distribution of vector species in Australia

There has been much work on the specific vectors capable of transmitting LSDV however it is most
likely that the virus can be transmitted by several haematophagous insects. When assessing the risk of
LSDYV entering and establishing in the United Kingdom, Horigan et al (2018) observed that ‘Whilst the
competency of vectors in the UK is currently unnown the fact that the disease bas moved steadily up from southern African
throngh many difference climatic zones involving potentially many different vectors suggests that it is also likely to be
transmitted by vectors present in the UK’ . Since this was written, the disease has also spread through Asia,
further demonstrating that whilst identifying particular vectors has been considered highly relevant in the
literature, in a practical sense, most countries (including Australia) are likely to have vector species capable
of transmitting the disease. Despite this, we’ve reviewed the distribution of the main groups of vectors
known to potentially be capable of transmitting LSDV in Australia.

5.2.1 Flies

Species such as Stomoxys caleitrans (the stable fly) are found throughout Australia, particularly near livestock
(Telfer, 2018). The stable fly in particular has become an increasingly serious best of beef cattle, and many
cattle feedlot and dairy operators have reported problems with large fly populations (Hogsette et al., 2012;
Telfer, 2018). One study in Queensland aimed to determine the seasonal population dynamics of S.
caleitrans and two additional Musca spp. by monitoring feedlots over a period of seven years (Godwin et al.,
2017). They trapped over a million flies, with M .domestica (housefly) being the most common (67% of
trapped flies), followed by M. vetustissima (Australian bush fly; 21% of trapped flies) and S. calitrans (12%
of trapped flies) (Godwin et al., 2017). Another comparable study that also included feedlots in three
different climatic zones in Queensland and New South Wales came up with a very similar distribution
(Hogsette et al., 2012).

The horn fly (more commonly known as the buffalo fly in Australia), Haematobia irritans, has been
identified as a problem for cattle producers in Northern Australia. As discussed earlier
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(Section 3.3.4), H. irritans was highly abundant on beef cattle during the 2012-2013

outbreaks in northern Israel but its role or capacity to transmit LSDV has not been
investigated (Berg et al., 2015).
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Figure 3 shows the distribution of buffalo fly in Australia.
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Figure 3 Distribution of buffalo fly (MLA, 2022a)

It can be assumed that common fly species will be present in any area with sufficient cattle density,
particularly around feedlots and dairy enterprises.

5.2.2 Mosquitoes

Mosquitoes are present throughout Australia, but different species are found in different geographical

regions. In total, there are more than 80 species of mosquito found in Australia (University of Sydney,
2022).

Most of the work on mosquito distribution in Australia is focused on 4. aegyp#i because of its association
with dengue virus and other human viruses. Australia is largely free of A. aegyptz, with occasional
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incursions detected through trapping (Inspector General of Biosecurity, 2017). Efforts to stop A. aegypti
from establishing are expensive and disruptive but necessary (Inspector General of Biosecurity, 2017).
Incursions of A. aegypti in Australia are relevant to potential spread of LSDV because it has been
implicated as a potential vector (see Section 3.3.3). Figure 4 summarises the detection of A. aegyp# in
Australia as determined through trapping events. Figure 5 shows work from the Department aimed at
visually representing weather systems that may assist with the movement of _A. aegyp#i between
neighbouring countries and Northern Australia.
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Figure 4 Historical (red dots) and contemporary (yellow dots) distribution records of A. aegyptiin
Australia 1887-2016 (Beebe et al., 2009; Trewin et al., 2017).
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Figure 5 Monsoonal weather patterns relevant to the movement of A. aegyptiin Northern Australia

5.2.3 Midges

Species from the family Ceratopoginidae are distributed worldwide on every continent except Antarctica
(Boorman, 1993). The distribution of different species from this group within Australia is poorly
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described and most studies focus primarily on the Culicoides spp. that are capable of transmitting BTV
(Tay et al., 2010).

Figure 6 shows detections of Culicoides spp. from the trapping that takes place as part of the Australian
National Arbovirus Monitoring Program (NAMP). More recent trapping results can be obtained with the
relevant permissions through NAMP. This map gives an indication of where the Culicoides spp. relevant to
BTV transmission have been detected in relation to cattle density. Figure 7 shows work from the
Department aimed at visually representing weather systems that may assist with the movement of
Culicoides spp. between Northern Australia and neighbouring countries.
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Figure 7 Monsoonal weather patterns relevant to the movement of Cullicoides spp. in Northern Australia

5.2.4 Tabanidae

The family Tabanidae occur throughout Australia. Figure 8 shows a distribution map compiled of
occurrence reports entered into the Atlas of Living Australia. Many of these reports come from renowned
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organisations such as Museums Victoria but others are entered by citizen scientists. Nonetheless, the map
gives an indication of the wide distribution of these species.
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Figure 8 Occurrence reports of Tabanidae spp. (Atlas of living Australia, 2022)

5.2.5 Hard ticks

There ate around 70 species of ticks in Australia, most of which are hard ticks (family Ixodidae) (Barker et
al., 2014). The tick species’ studied in relation to LSDV transmission (see Section 3.3.3) are not present in
Australia and ticks are unlikely to be involved in disease introduction (Barker et al., 2014). They could,
however, become important vectors if LSDV ever established in Australia.

Perhaps of most relevance to LSDV transmission is the distribution of ticks that infect cattle. In Australia
the ‘tick line’ divides areas where cattle ticks are expected, or endemic, and areas in which their presence
is notifiable. Each jurisdiction has its own regulations around tick control and reporting such that tick
zone updates are best sought from jurisdictional websites. Figure 9 shows an approximation of the ‘tick
line” across all relevant jurisdictions.
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Figure g Approximate of Australian ‘tick line’ (MLA, 2022b)

5.3 Density and distribution of relevant livestock species in
Australia

5.3.1 Domestic cattle

The presence of capable vectors can potentially be assumed, but another critical factor to the probability
of LSDYV entering and establishing in Australia is the density of domestic cattle in Australia, particularly
around points where infected vectors could enter. Figure 10 shows the density of cattle in Australia, based
on estimates from the 2016 Agricultural Census.
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Figure 10 Cattle density in Australia

5.3.2 Feral species

Wild cattle (including Bos javanicus) and water buffalo (Bubalus bubalis) are both found in Australia,
predominantly in the top end of the NT (Department of Sustainability, Environment, Water, Population
and Communities, 2011; Murray and Snowdon, 1976). Water buffalo were imported into the Cobourg
Peninsula in the N'T as a meat source during the 19th century and subsequently dispersed into nearby
swamps and floodplains (Department of Sustainability, Environment, Water, Population and
Communities, 2011). Peak populations, prior to the Brucellosis and Tuberculosis Eradication Campaign
of the 1980s, were estimated at 350,000 individuals but numbers have reduced considerably since then
(Corner, 2006; Department of Sustainability, Environment, Water, Population and Communities, 2011).
Population densities for buffalo can reportedly reach 34 head per km? during the wet season (Department
of Sustainability, Environment, Water, Population and Communities, 2011).

The risk of pathogen transmission from buffalo to livestock was extensively considered during the
brucellosis and tuberculosis eradication campaign. Although the grazing range overlapped during the dry
season, there was limited direct contact between these species and buffalo; transmission was considered
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unlikely (Corner, 2006). The risk of transmission is likely to be greater with LSDV due to the importance
of mechanical vector-borne transmission.

Feral cattle of domestic species occur around most pastoral areas, but at lower densities than commercial
cattle, and these will often be difficult to distinguish from domestic cattle anyway (Reid et al., 2020;
Woolnough et al., 2005). In fact, the presence of a nearby pastoral station has been associated with the
probability of feral cattle species occurring in that region (Reid et al., 2020).

5.4 Density and distribution of relevant livestock species in
neighbouring countries

The density and distribution of cattle in neighbouring countries will be critical to assessing the risk of
LSDV travelling from these countries to Australia via unregulated pathways.

Figure 11 shows the density of cattle in the Indonesian provinces closest to Australia.

Cattle Population of Papua and West Papua Provinces, Indonesia
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Figure 11 Cattle density of Papua and West Papua provinces of Indonesia

The 2019 Agricultural census in Timor Leste indicated that there are an estimated 286,558 cattle in the
country and 127,475 buffalo (Republic of Timor-Leste, 2019). These figures have been broken down by
municipality and will be mapped as part of the final report for this work. However, using the total
landmass of Timor Leste this equates to cattle densities of approximately 19 head of cattle per km?and
8.5 head of buffalo per km?. This falls within the range associated with LSDV spread.

In PNG, there are an estimated 40,000 head of cattle, with the highest numbers in Morobe Province
(approximately 17,000 head) (Papua New Guinea Government Official, 2021) . These population
densities will be mapped as part of the final report for this work. However, using the total landmass of
PNG and Morobe Province, this equates to cattle densities of less than one per km? and approximately 2
per km? respectively. These densities may not be sufficient for LSDV to spread easily within PNG.
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6 The role of climate change in the spread of
LSDV

The aim of this section is to answer the research question - What is the role of climate change in the
future spread of LSDV and how will extreme climate change scenarios impact the potential entry and
establishment of LSDV in Australia in 10 years’ time?

From its earliest days, it was observed that unusually heavy rains often proceeded LSD outbreaks
(Woods, 1988). Temperature and humidity are known to be important factors influencing LSD

occurrence, presumably due to the role of vectors in its transmission (Ardestani and Mokhtari, 2020).

It is therefore logical to conclude that transmission dynamics of vector-borne diseases like LSDV could
be affected by climate change through both changes in vector survival, geographical range expansion and
changes in vector activity, efficiency and susceptibility to infection (Ali et al., 2020). Extreme weather
events may also play a role (such as cyclones assisting windborne movement), but these are associated
with even more uncertainty than general global warming (Thornton et al., 2009). Prior to its rapid spread
through Asia, Tuppurainen et al (year) observed that the impact of global climate change on vector
distribution suggested a real risk of LSDV establishing itself in the Middle East and Asia, as well as
spreading further (Tuppurainen et al., 2017). In addition, Wittmann et al (2001) suggested that an increase
in environmental temperature of 2 °C could result in extensive expansion of the range of Culicoides imicola,
a vector responsible for the transmission of BTV (Wittmann et al., 2001).

Despite this, it is difficult to predict how global climate change may affect vector abundance and
distribution in the future because there are too many uncertainties (Rocklév and Dubrow, 2020;
Tuppurainen and Oura, 2012). Firstly, the level of climate change will depend greatly on the intensity of
human action taken to reduce greenhouse gas emissions (Rocklév and Dubrow, 2020). Secondly,
predictions need to account for non-climatic drivers of infectious disease incidence, such as a political will
to control disease transmission, many of which are also highly unpredictable (Rocklév and Dubrow,
2020).

There have been several attempts to develop models to gain an understanding of future situations
(Rocklév and Dubrow, 2020). The Intergovernmental Panel on Climate Change (IPCC) have developed
four Representative Concentration Pathway (RCP) scenarios for greenhouse gas emissions that range
from high emissions (‘business as usual’ approach) to low emissions brought about by aggressive global
mitigation (Rocklév and Dubrow, 2020). For each scenario, temperatures, precipitation and humidity are
predicted to 2100 and beyond (Rocklév and Dubrow, 2020). The IPPC has also developed five Shared
Socioeconomic Pathways (SSPs) that describe alternative scenatios for socioeconomic change up until
2100 (Rocklév and Dubrow, 2020). Climate-based scenarios (e.g., RCPs) and non-climate based scenarios
(e.g., SSPs) can be used in combination to make projections about the future of vector-borne diseases
(Rocklév and Dubrow, 2020).

In one such study on future dengue virus occurrence, global distribution was found to be highly
dependent on the RCP-SSP scenario applied (Messina et al., 2019). In another study on the impact of
climate change on global malaria distribution that utilised RCPs and SSPs, modelling found consistent
increases in the length of the malaria transmission season in highland regions, along with consistent
decreases in tropical regions (Caminade et al., 2014). The net effect of future climate change appeared to
be small, although there were large regional differences (Caminade et al., 2014). Lastly, another study used
mosquito distribution data, meteorological variables and demographic variables to build a model of
historical spatial spread for Aedes aegypti and A. albopictus (Kraemer et al., 2019). These were used to
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project future spread until 2080 under different RCPs (Kraemer et al., 2019). The study found that
historical spread of these vectors and projected spread in the next 5-15 years is mostly explained by

human movement patterns, whereas in later years expansion will be more climate driven (Kraemer et al.
2019). No studies could be found that utilised RCPs and SSPs to predict future spread of LSDV.

Climate modelling approaches for any vector-borne disease risk assessment must consider both the
positive and negative impacts of altered climate across different spatial and temporal scales (Tjaden et al
2018). Global warming might increase climatically suitable regions for vector establishment and disease
transmission to higher latitudes and elevations; it may also limit transmission of vector-borne disease in
the warmest places where temperature thresholds for vector or pathogen survival may actually be
exceeded (Altizer et al., 2013; Mordecai et al., 2017; Tjaden et al., 2018).

>

*
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7 Risk assessment related to Lumpy Skin Disease

The aim of this section is to answer the research question - Have there been risk assessments on LSD in

other countries and what can they tell us about appropriate frameworks for this risk assessment?
Several countries have conducted risk assessments related to LSD.

In 2015, Berg et al (2015) assessed the risk of LSDV entering the European Union (EU) prior to its actual
introduction (Berg et al., 2015). Based on a literature review and knowledge of import practices, they
considered the illegal movement of infected animals to be the most likely pathway of introduction for
LSDV (Berg et al., 2015). Using probability theory and estimates of seroprevalence from different
countries that already have LSDV, they made quantitative estimates of how many animals would need to
be moved illegally to create a 0.05-0.95 probability of introduction of LSDV into the EU (Berg et al.,
2015). Using a seroprevalence of 30% (based on the estimated seroprevalence in Ethiopia), they estimated
1301 animals would need to be moved illegally from to create a 0.95 probability of introducing the disease
(Berg et al., 2015). Conversely, the movement of 25 animals would result in a probability of introduction
of less than 0.05 (Berg et al., 2015). If the country of origin had a seroprevalence of 5%, the number of
animals that would need to be moved would be 140 or 7809 to create probabilities of 0.05 and 0.95,
respectively (Berg et al., 2015). They concluded (accurately in the end) that whilst infection was likely to
spread in Bulgaria and Greece (with less spread seen when culling is initiated quickly), it is unlikely that
the disease would become endemic in the EU (Berg et al., 2015).

Gale et al (20106) conducted a qualitative risk assessment of the entry of capripoxviruses into Great Britain
from the EU through the importation of hides, skin or wool (Gale et al., 2016). They developed a simple
risk pathway and made an informed qualitative assessment of the probability of each step occurring, along
with detailing the level of uncertainty and key assumptions (Gale et al., 2016). They concluded that the
risk of importation of LSDV virus via cattle hide/skin is low.

Horigan et al (2018) performed a qualitative risk assessment on the introduction and onward transmission
of LSDV into the UK (Horigan et al., 2018). They mapped potential basic risk pathways and assigned an
informed qualitative probability of each for introduction and onward transmission, as well as outlining
uncertainties and data sources that were used to arrive at estimates (Horigan et al., 2018). They
determined that the probability of introduction via vectors or livestock trade (both legal and illegal live
animals and animal products) was very low (Horigan et al., 2018). All other routes were considered
negligible (Horigan et al., 2018).

Taylor et al (2019) described a generic framework for spatial quantitative risk assessments of infectious
diseases using LSD as a case study (Taylor et al., 2019). They outlined a generic risk pathway for any
infectious pathogen to move from an infected country into a non-infected country (and infect susceptible
species) (Taylor et al., 2019). For each step in the generic risk pathway they proposed a mathematical
formula for calculating the probability, which relies on basic parameters such as prevalence of the disease
in the infected country (Taylor et al., 2019). They then used this generic framework to assess the risk of
LSDV infecting other countries in Europe following its introduction into the Balkans in 2016 (Taylor et
al., 2019). They found that Croatia had the highest mean probability of infection, followed by Italy,
Hungary and Spain (Taylor et al., 2019). Interestingly, LSD was never reported in any of these countries
during the European outbreaks of 2015, 2016 and 2017 (OIE, 2022).

Saegerman et al (2018) developed a quantitative import risk analysis to assess the risk of LSD being
introduced into France by imports of cattle (Saegerman et al., 2019). Using a stochastic model and based
on the information available, they estimated that the probability of the first outbreak of LSD occurring
following import of infected live cattle for breeding or fattening was 5.4 X 10-# (95% probability interval
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(PD): 0.4 X 104; 28.7 X 104) in the summer months and 1.8 X 104 (95% P1 0.14 X 104; 15 X 104) in
the winter months (Saegerman et al., 2019).

The Food and Agricultural Organisation (FAO) conducted a qualitative risk assessment on the likelihood
of introduction and spread of LSD in 23 countries in South, East and Southeast Asia in 2020 (Roche et
al., 2021). They distributed a questionnaire to the countries being evaluated that aimed to determine the
presence or absence of several risk factors (e.g informal and formal trade volumes, veterinary service
capacity etc) (Roche et al., 2021). Where countries did not respond, alternative data sources were sourced
(Roche et al., 2021). They assessed Cambodia, Laos, Myanmar, Thailand and Vietnam as having the
highest risk of introduction and spread (of the countries that weren’t already infected) (Roche et al.,
2021). As it happens, these countries were the next to be infected, with some of the countries they

assessed as being low to moderate risk becoming infected at later dates (such as Malaysia and Indonesia).
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8 Relevant research gaps

There are several research areas of interest to the upcoming LSD risk assessment for which the literature

review failed to find publications or grey literature of sufficient detail to inform the assessment. This will

inevitably result in uncertainty when assigning qualitative values in our assessment. Relevant potential

research gaps and methods to reduce the uncertainty around these have been summarised in Table 1.

Table 1 Research gaps relevant to upcoming risk assessment for LSD

Research gap

Approach to addressing associated uncertainty

Potential risk pathways applicable to the Australian

context

Expert consultation with the Department and
the Northern Australian Quarantine Service
Scientific Discipline Meeting participants

Effect of climate change on wind-assisted transport

of vectors

Expert consultation with Dr Andrew Watkins,
head of Operational Climate Services at the
BOM, in combination with consultation from
Medical Entomologist, Dr Mike Mueller

Survival of potential vector species on cargo ships,
people and their belongings

Expert consultation with Medical Entomologist,
Dr Mike Mueller

Detailed data on livestock populations in PNG

Probability of vectors with high relevance to
Australia such as the buffalo fly being able to
transmit LSDV

Current estimates provided from the Department
will be mapped and compared to the FAO
gridded livestock data. Further information
may be sought from within PNG

Expert consultation with Medical Entomologist,
Dr Mike Mueller

In addition, there are research areas discussed in the literature but not reviewed here that are of interest to

the Australian agricultural sector and to the Department; namely LSD control and eradication and the
role of vaccination. Australia’s most recently published disease-specific AUSVETPLAN on LSD was
completed in 2009. Since then, the disease has spread considerably and been effectively controlled in

Europe. There is much to learn from recent experiences in how best to prepare for an LSD incursion and

options for control or eradication. Ausvet recommends further work in reviewing these areas.
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Appendix One

Search terms

)
b)
9
d)
0

f)
g

‘Lumpy skin disease’ and ‘Asia’ or ‘Pacific’
‘Lumpy skin disease’ and ‘transmission’
‘Lumpy skin disease’ and ‘epidemiology’
‘Lumpy skin disease’ and ‘vector’

An identified vector (identified through review) and ‘distribution in Australia’ and
‘distribution in Asia’ and ‘distribution in the Pacific’

An identified vector (identified through review) and ‘climate’

‘Lumpy skin disease’ and ‘risk’
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Appendix Two

Livestock movement report

This report was written by Dr Michael Patching of Boralis Group.

Lumpy skin disease (LSD) is an economically significant viral infection of cattle. It presents clinically as
itchy nodules on the skin that impact production and can result in secondary infection and death in some
weaker livestock or those that have not previously been exposed to the virus. Control options include
limiting movement of livestock, vaccination programs and culling of infected animals. Due to the
aetiology of the virus the successful control in Europe and Africa has been limited. It is important that
Australia is prepared for the potential movement of the virus from South East Asia into Northern
Australia.

This section of the report will consider the 2019-2021 movement of LSD in South East Asia and some
factors to consider as early warning indicators for Australia as well as areas for further consideration or

investigation.
Trading Routes in Southern Asia - Trends

Similar to the difficulties in controlling the spread in Europe, South East Asia also comprises a group of
nations sharing either land or sea borders and a complex history of war, isolation, and the legacy of
Colonialism. While these nations have come together through the Association of Southeast Asian Nations
(ASEAN) this body is designed to support common interests and foster relationships and trade, not to
provide prescriptive and common standards like the European Union (EU). Goods are able to move
freely between nations either officially or unofficially and disease responses vary in the region. Cattle, pigs,
and poultry are amongst the produce that are traded within and between nations in the region largely due
to livestock economic value, weak border controls, and known trading relationships.

Understanding the dynamics of these movements has been proposed as a way to provide some insights
into the development of modelling tools to reduce risk factors for disease entry into Australia.

Trends in Cattle Movement in Southern Asia

For the cattle sector movement in mainland SouthEast Asia generally flows in an eastern and northern
direction. When the cattle originate in Myanmar they move direct into China or east into Thailand. Cattle
in Thailand move either South into Malaysia, East through L.aos or Cambodia into Vietnam and north
through Laos into China.

The majority of the ongoing research into movement of livestock in the region has been focused on foot
and mouth disease (FMD) transmission. Reports conducted by the OIE in 2015 (Smith, 2015) and then
economic modelling by ACIAR up to 2017 (Waldron, 2018) provide an accurate estimation of general
cattle movements in the region and some economic impacts on the trade.
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From
India/Bangladesh

Figure 1: General movement trends in Southern Asian mainland(Smith, 2015)

Movement within hich Risk Countries

From an Australian perspective, the movement of LSD and other transboundary diseases is mainly a
concern from Indonesia, Timor Leste, and PNG. These nations will become the eatly warning system for
vector movement into northern Australia.

There are no official movements of cattle into the islands from mainland South East Asia, although there
are movements from Indonesia and East Malaysia into Malaysia. Unlike the mainland, unofficial
movement of livestock from the mainland to the islands is unlikely, although not impossible.

With the price of Australian cattle likely to remain high until 2023, Indonesia continues to look to South
America and Mexico to decrease reliance on Australia as a sole trading partner. Importers are actively
exploring the possibility of importing cattle from Brazil however previous attempts to import cattle from
Mexico have failed (Answorth, 2021). The risk of transmission from imported cattle needs to be
considered.

Cattle are also transported between Indonesian islands. The Indonesian Government has supported the
construction of a livestock carrier to operate between the island of Nusa Tengarra (NTT) into Jakarta
(www.pelni.co.id). The KM Camara Nusantara is managed by PELNI and delivered a total of 7,899 head
in 2019. It takes a route of Kupang - Waingapu - Tg. Priok - Cirebon - Kupang.

There are also known informal movements of cattle between Indonesia into Timor Leste (Waldron, 2015)
including an estimated 5,000 annually in 2015 from TL into Indonesia.

LSD - Predicted Movements

Even with known models for the movement livestock through Asia there remain challenges in accurately

modelling the direction of movement of any disease through the region.

The Promed database on reports of LSD in the region (appendix A) provides a good source of

information on how the disease movement was officially reported.

It is likely that the virus moved South from China into Vietnam from an outbreak in Eastern China in
July 2020. This goes against the normal flow of livestock movements from Vietnam and South East Asia
north into China. By the end of the year there was clinical disease in Myanmar. It is unclear if this
originated from northern or eastern China, or from some other origin to the West.

Clinical disease continued down the coast of Vietnam throughout 2020 and by the middle 2021 it was
being reported in Ha Tinh Province. Anecdotally there was widespread outbreak of the disease in feedlots
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in northern and central Vietnam for the first half of 2021. One feedlot owner with large numbers of
Australian cattle reported to be suffering significant production losses in some lines of cattle and there
was communication between Vietnamese cattle farmers about purchase and use of the vaccine.

The feedlots were also known to be trying to sell infected cattle into abattoirs without reporting but in
some cases the clinical signs meant that the hides had lost value.

The first clinical signs of the virus were observed in eastern Thailand by April and it is likely that the virus
movement was related to the trucking of cattle back across the border from Vietnam. It has been claimed
by some traders that infected cattle from Vietnam were being moved into Vietnamese provinces and into
Laos, Cambodia, and Laos as they were cheap due to the inability to be sold in Vietnamese abattoirs.

It is also possible that the virus infection in cattle in Thailand originated from the movement of cattle
from China or Myanmar. Thailand commonly feeds cattle from Myanmar and it is a known source of
FMD infection into Thailand and the region. The main cattle production region in Thailand is in the
north east where the outbreak was first observed and is an important transition hub for movement
throughout the region.

The movement of the virus likely followed traditional trading routes. South into Malaysia and would have
circulated east back through Cambodia and Laos into Vietnam. It is also possible that there were cattle
traded from Vietnam into Laos and Cambodia against historical trading routes due to a discounted price
as noted above and this could have contributed to the spread.

Interestingly there have been no significant official or unofficial reports of LSD in southern Vietnam, at
least with Australian cattle feedlots. The feedlots in Southern Vietnam have greater biosecurity and less
movement of local cattle into them. They also had more time to vaccinate their cattle against the disease
or slaughter early.

While the movement of the virus generally followed the traditional routes, there were exceptions to this
which will be explored in more detail below. Irregular trading patterns makes disease monitoring a

challenge.
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Factors Impacting Identification of LSD Movement

Impact of Different Country Reporting Ability and Willingness

During the recent African Swine Fever (ASF) outbreak, there was a notable difference in reporting by
neighbouring countries and sometimes provinces. ASF infected pigs were seen transported in both China
and throughout Asia to ensure that farmers received some income or to avoid their farm being
quarantined. Similarly during the outbreak of LSD in Vietnam there were reports that cattle were being
traded into abattoirs to avoid quarantine restrictions on farm and production loss. Reportedly, some
severely affected cattle were not able to enter any abattoir due to the damage to the hides and therefore
were not financially worthwhile to slaughter. It is likely these cattle were traded to other properties, over
further distances, or remained as high viral shedders and would have been the main contributors to the

viral transmission in the region.

With LSD the anecdotal reports of infection occurred before any official reports. The below photo was
sent from a Malaysian farm in May 2021 and outbreaks were not reported in Malaysia until 3rd June 2021.

Similar issues were observed in Laos where personal communications through photos were being shared
from in-market traders as early as April 2021. This was done without awareness of what the disease was,
how to treat it, or capability or desite to report it to officials. These behaviours result in movement of
livestock out of regions before national programs can be implemented. The fact that the first incident of
LSD was reported in June 2021 affer it was observed in Thailand and Malaysia is an indication that the

disease was being underreported.

Delays or absence in reporting of cases to the OIE makes disease-control modelling from an Australian
perspective challenging. Establishing a network of early responding experts in the region or alternative
positive reporting mechanisms to encourage farmers to increase reporting is an important goal but

remains elusive in the entire region.

Trading Systems
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There are broadly two cattle trading systems that operate in the region 1) local traders that are involved in
spot trading often between a farms into a regional abattoir 2) International traders (including those from
Australia) that have the ability and networks to maintain relationships across borders and are often
trading larger volumes.

These two trading mechanisms work independently from each other but also overlap, and so different
disruptions to trade will impact these two groups differently. Generally you can consider the local traders
as having greater influence within their smaller network but do not individually have the ability to have a
large impact on trade flows. They can trade cattle domestically or internationally but are characterised by
being more sporadic and opportunistic which makes them difficult to regulate. Local traders remain
important to ensure disconnected and low volume farmers can access markets, but this also means they
contribute to fragmentation in the market. They need to be a key consideration for real disease movement
in the region as it is these traders that are responsible for facilitating the movement of infected animals

off farms quickly and into abattoirs beyond the view or record of regulators.

International traders have a greater ability to fundamentally impact and disrupt historical cattle trading
patterns due to trading higher volumes or by establishing new trading channels. They can leverage local
traders to sell their cattle in times of high competition or if they are entering a new market channel, but
they will eventually displace the local traders and sell direct to higher volume abattoirs or routes. This
includes the establishment of official and unofficial livestock markets domestically or in border regions.

Therefore as a general rule, when there are consistent and favourable conditions for trade the

international traders dominate and livestock movements are more predictable.

However when unfavourable conditions are created due to high regional or international cattle prices,
exchange rate volatility, or border closures due to pandemics, the local traders will exploit this
opportunity and there will be erratic movement of livestock while the system finds a new equilibrium.
The length of time the disruption lasts determines if new trading routes are established.

From a disease modelling perspective consideration needs to be given to the difficulty in predicting
individual trades vs modelling general trading patterns. General patterns provide models of general risk,

but individual movement of livestock is the cause for disease transmission.

Further to this the OIE has done countless investigations into trade in the region and mechanisms to
make the trade more official (Widders, 2020) however this remains a challenge. And value chain analysis
into regional movement of animals down to individual township level in some cases. Dt Tosapol Dejyong
(2020) has done work through the FAO RAP ECTAD to use value chain analysis as a means to produce
better tools for epidemiologists.

Livestock Trends are Dynamic

The most important consideration for livestock movement in the region is that it is constantly changing.
Several examples below demonstrate how changes in the market will continue to contribute to livestock

movements.

The 2015 OIE report (Smith, 2015) identified several locations for movement of livestock across borders
and physical livestock markets. A year later in 2016, an unofficial Meat & Livestock Australia (MLA)
market visit in 2016 (Patching, 2022) visited the key markets and land crossings in the report and many of

them had been relocated or were no longer operational.

Since 2019, China has been increasing their controls at the Vietnam border and these controls have been
tightened since the COVID-19 outbreak. China and Vietnam share joint concerns over the illegal trading
of people and goods across the border illegally in both directions (Q1, 2022). It has been increasingly
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difficult, but not impossible, to move cattle across the northern Vietnam border into China and this has

impacted some regional cattle movements.

Investment from China in the BRI throughout Laos and Myanmar has also contributed to tightening of
border controls. And the more recent Chinese signing of separate health protocols with Laos and
Myanmar will have potential impacts on the movement of livestock in the entire region in the near future.

Since 2014, Australia has exported significant numbers of feeder and direct-to-slaughter weight cattle into
Vietnam as well as into Thailand, Malaysia, and Cambodia at different times. The regulated and restricted
trading model that is required through the Exporter Supply Chain Assurance System (ESCAS) creates
unnatural trading environments in Asia. The increased regulation and oversight has positively created
greater investment in feedlots and abattoirs resulting in consolidation of the industry. In Vietnam feedlot
capacity has gone from non-existent in 2013 to over 90,000 head in 2022 due to the import of Australian
cattle (Nason, 2021). And the abattoir sector has gone from an average of 5 head per night to
approximately 20 head per night per facility in the same time.

The increasing price of cattle in Australia and the restrictive nature of ESCAS created the catalyst for the
first shipment of cattle to arrive from Brazil into Vietnam (Patching, Dyer, 2021). There have been no
further shipments to date, but there is ongoing discussion of shipments into Indonesia from Brazil or
Mexico which can create alternative disease transmission risks for Australia.

The above examples are important when considering disease movement in the region as they demonstrate

the dynamic and constantly changing nature of cattle trade in the region.

Considerations in Modelling - Quantifying the Trade

There are several known mechanisms to try to quantify livestock movements as a base for modelling.
Official Trade

Each country maintains a record of official trade. It is widely accepted with all livestock that these
numbers are a poor indicator of true volume and movement as it is not in the interests of traders to go
through official channels. Customs data is unofficially available from most nations in the region at a price
and with the right contacts. This could be used as a means to track monthly recorded trades and look for
trends in the data.

Trade modelling has also been conducted by the University of Queensland (Dong, 2018) who highlighted
the challenges of monitoring disease movements due to the high volumes of unofficial trade and other

barriers that are created due to the complex trading systems discussed above.
Unofficial Trade

As mentioned above unofficial (unrecorded) trade remains an important consideration for modelling the

movement of any livestock species.

There are several known attempts to quantify movement of all livestock in the region in relative real time.
Meat & Livestock Australia (MLA) partnered with the Vietnamese data collection company Agromonitor
between 2015-17 to write monthly reports on the current movement of cattle officially and unofficially
across the Cambodia and Laos border into Vietnam as an indicator of regional competition (not publicly
available). This project was stopped as collecting this type of data in any meaningful format was difficult

and at times dangerous.

Similar border monitoring has been done as components of various ACIAR projects with similar results.
Unless there is a significant investment into border controls these are not sustainable as a means of

quantifying livestock movements without encountering issues with suspicious local traders.

45



The OIE is currently underway in a project investigating the economic trends in the region and if this can
be used as an indicator of movement of livestock for FMD outbreak control (Bolortuya, 2020). From
personal correspondence with the OIE this is an internal project and not for wider distribution of results

and use, but joint efforts in this type of approach may have some merit.

Variations with livestock class and time of vear

It has already been established that livestock movements will not always follow the same general trends. It

is also accurate that within the same species different classes of cattle follow different general trends.

A personal experience involving a shipment of Australian cattle into Cambodia illustrates this point.
Cambodian’s generally prefer beef from older cows that have yellow fat and so they rejected the younger
white fat cattle from Australia. This follows from conversations I have had with traders that sell cull
female cows west into Cambodia and the feeder bulls east into Vietnam (Patching, 2022).

Predictions for next 5 years

Impact of China Trade in the next 5 years

A more recent MLA commissioned report has looked at the movement of cattle in the region and how
the official trade of cattle through Laos and/or Myanmar created through quarantine stations with China
through the Belt and Road Initiative (BRI) could feasibly work. Theoretically if the trade were successful
and prices remained high in China with increasing border controls this would have a significant impact on
cattle in the region (Dyer, 2021). The health protocol requirements including freedom from skin lesions
such as LSD could drive an increase in the desire for farmers to improve biosecurity in the region to

eradicate diseases like FMD and LSD or at least create large areas of disease free zones.

Unfortunately at this stage there does not appear to be enough of an economic pull through this channel
and COVID has distracted from efforts to make this channel more effective. There remain several
commercial companies that are still heavily investing in the success of this so it is important to monitor
(Patching, 2022).

Changes in Movement of Livestock on the Islands

Timor Leste and PNG both have ambitions for increasing national herd numbers but low consumer
demand or ability to pay will mean that importing livestock will not be a reality unless it is government

supported.

It is unlikely that cattle movements between the islands will progress beyond the Government funded
livestock carriers due to financial constraints. Even if unofficial trade occurred, the low volume of this
trade channel would limit the speed of transmission between the nations. This is compared to the high
volume trade that exists in mainland Asia via land.

Reduction in Recent Virus Detection

Globally the control of LSD has been challenging. Vaccination programs, movement controls, vector
control, and early detection are all needed in a coordinated manner to have impact. Without this done in a
coordinated manner it will remain difficult to eliminate the virus from the region and it is likely that there
will continue to be outbreaks. Larger commercial operations are now aware of the impact of the virus and
they have reported that they are now vigilant when purchasing cattle or a more routine use of vaccine in
regions that still have some virus such as northern Vietnam. This will reduce but not eliminate options for
trading cattle across borders and should continue to minimise its ongoing spread.

Clinically the virus has been overreported in weak, sick, or pootly fed cattle. Local cattle that are not
immunocompromised and have adequate nutrition on the same or neighboring properties seem to have
some level of natural immunity and have generally not shown clinical signs. It has not yet been assessed if
this corresponds to a decreased viral load in the cattle population but it is logical and likely. Given the
overwhelming majority of cattle in the region are bos indicus cattle it is also possible that this natural
immunity relates to breed and therefore it is possible that the impact will not be as significant as has been
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observed in Europe.P, Smith & NB, Luthi & L, Huachun & KN, Oo & S, Phonvisay & Premashthira,
Sith & R, Abila & Widders, Phil & Kukreja, Karan & C, Miller. (2015). Movement pathways and market
chains of large ruminants in the Greater Mekong Sub-region.
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